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ABSTRACT 1

The purpose  o f  t h i s  s tudy  was to  observ e  th e  ana tom ica l 

changes o c c u r r in g  in  th e  stem s, r o o t s ,  l e a v e s ,  and tw igs  o f  

t re m b lin g  aspen (Popu lus  trem u lo id e s  M ichx.) induced  by th e  

a p p l i c a t i o n  o f  v a r io u s  chem icals to  th e  t r e e  stem . I t  was 

hoped t h a t  th e s e  o b s e rv a t io n s  m igh t h e lp  e x p la in  why some 

chem ica ls  n o t  o n ly  h i l l  t r e e s ,  b u t  a lso  cause th e  bark  to  

lo o s e n .

The fo l lo w in g  chem ica ls  were chosen f o r  th e  problem: 

p ro p y le n e  g ly c o l  b u ty l  e th e r  e s t e r  o f  2 , 4 -d ich lo rophenoxy- 

a c e t i c  a c id ,  p ro p y len e  g ly c o l  b u ty l  e th e r  e s t e r  o f  2 ,4 ,5 -  

t r i c h lo ro p h e n o x y a c e t ic  a c id ,  and sodium m o n o ch lo ro ac e ta te .

The e s t e r s  o f  2,4-D and 2 , 4 , 5-T were a p p l ie d  as  o i l  s o lu ­

t i o n s  by means o f  a b a s a l  sp ray . Sodium m onoch lo ro ace ta te  

was d i s s o lv e d  in  w a te r  and sprayed on p re v io u s ly  made, p ee le d  

g i r d l e s  o r  f r i l l  g i r d l e s .

Seven d i f f e r e n t  t r e a t i n g  d a te s  were u se d  during  th e  

1952 growing sea so n . Stem, r o o t ,  and tw ig sam ples, c o n ta in ­

in g  th e  cam bial re g io n  and a d ja c e n t  t i s s u e s ,  were removed 

from t r e e s  p e r i o d i c a l l y  d u ring  th e  summer, from th e  f i f t e e n t h  

day a f t e r  t r e a tm e n t  th rough th e  e i g h t i e t h  day. L eaf samples 

c o n ta in in g  th e  m id r ib  p o r t io n  and a d ja c e n t  b lad e  t i s s u e s  

were a ls o  c o l l e c t e d .

I t  was found t h a t  a l l  th r e e  chem icals caused death  and 

produced v a ry in g  amounts o f  bark lo o se n in g .  However, th e  

degree o f  i n j u r y  to  t h e  cambial re g io n  and e f f e c t iv e n e s s  in
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lo o s e n in g  th e  bark  were q u i t e  d i f f e r e n t .  Sodium monochloro- 

a c e t a t e ,  a p p l ie d  to  a f r i l l e d  g i r d l e ,  was found to  be very  

e f f e c t i v e  as a t r e e - k i l l e r  and as a debark ing  a g e n t.  The 

e s t e r  o f  2 ,4 ,5 -T  was l e s s  e f f e c t i v e ,  and th e  r e s u l t s  w ith

2 ,4 -D  were i n c o n s i s t e n t .

Stem sam ples ta k e n  from t r e e s  t r e a t e d  w ith  sodium mono- 

c h lo ro a c e ta te  showed sev e re  i n j u r y  to  m ost parenchym atous 

t i s s u e s .  Samples c o l l e c t e d  71 days a f t e r  t r e a tm e n t  showed 

complete c o l l a p s e  o f  th e  cambial r e g io n .  The l a s t - fo r m e d  

c e l l s  o f  th e  xylem were in  an advanced s t a t e  o f  d i s i n t e g r a ­

t i o n ,  form ing many sm all lacu n ae  between xylem and cambial 

r e g io n .  The phloem co n ta in ed  c o l la p se d  and d i s i n t e g r a t e d  

parenchym atous t i s s u e  th rough ou t t h e  re g io n .  The o n ly  phloem 

c e l l s  l e f t  i n t a c t  were f i b e r s  and s c l e r e i d s .  These c e l l s  

were o f t e n  l e f t  in  i s o l a t e d  groups due to  com plete d i s i n t e ­

g r a t io n  o f  su rro u n d in g  parenchym atous t i s s u e .

Stem samples tak en  71 days a f t e r  t re a tm e n t  from 2,4-D 

and 2 , 4 , 5-T t r e a t e d  t r e e s  showed com plete c o l la p s e  o f  th e  

cam bial r e g io n ,  b u t  th e  degree  o f  i n ju r y  to th e  xylem and 

phloem was much l e s s  th an  in  t r e e s  t r e a t e d  w ith  sodium mono- 

chlo ro ac e t  a t  e .

I t  was concluded t h a t  bark  lo o se n in g  i s  caused by a 

com bination  o f  chemical and p h y s ic a l  changes o c c u rr in g  in  

th e  cambial re g io n  o f  th e  stem. C ollapse o f  newly-formed 

xylem c e l l s  and accompanying la c u n a e ,  in  co n ju n c tio n  w ith
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c o l la p s e  and d i s i n t e g r a t i o n  o f  cam bial and a d ja c e n t  phloem 

c e l l s ,  e v id e n t ly  r e s u l t s  in  t h e  fo rm a tio n  o f  a b e l t  o f  weak­

ened m a t e r i a l ,  c o n s i s t in g  o f  rem nants o f  c e l l  w a l ls  and c e l l  

c o n te n ts  t h a t  can be ru p tu re d  ea s ily *  C o llapse  o f  c e l l s  ap­

p a r e n t ly  i s  caused , a t  l e a s t  i n  p a r t ,  by a c o n t r a c t io n  o f
m

th e  e n t i r e  phloem region* This c o n t r a c t io n  i s  r e s t r a i n e d  by 

th e  xylem, cau s in g  long  v e r t i c a l  s p l i t s  to  occu r in  t h e  bark 

o f  many t r e e s  a f t e r  trea tm en t*
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I .  PURPOSE AND SCOPE OF PRO ELM

The purpose  o f  t h i s  s tudy  was to  o b se rv e  th e  ana tom ica l 

changes o c c u r r in g  in  th e  s tem s, r o o t s ,  l e a v e s ,  and tw ig s  o f  

trem b lin g  aspen (Populus t re m u lo id e s  M ic h x . ) , a f t e r  t h e  ap­

p l i c a t i o n  o f  v a r io u s  chem ica ls  to  th e  stem s o f  th e  t r e e s .

O b se rv a t io n s  were made on th e  cam bial re g io n  and a d ja ­

cen t t i s s u e s  o f  th e  stem s, r o o t s ,  and l e a v e s .  Exam inations 

were a lso  c a r r i e d  o u t  on th e  m id r ib  p o r t io n  o f  th e  l e a v e s .

V arious i n v e s t i g a t o r s  had ob served  t h a t  c e r t a i n  chem­

i c a l s  n o t  on ly  k i l l e d  t r e e s  b u t  a lso  caused th e  bark  to  p e e l  

o f f  r e a d i ly ,  even a f t e r  th e  normal s a p -p e e l in g  season t e r m i ­

n a te d .  A ccord ing ly , t h r e e  chem ica ls  which had been re p o r te d  

a s  hav ing  a lo o s e n in g  e f f e c t  on bark  were s e le c te d  f o r  t h i s  

s tu d y .  I t  was reaso n ed  t h a t  th e  o b s e rv a t io n  o f  ana tom ica l 

changes o c c u r r in g  w i th in  a t r e e  m ight h e lp  e x p la in  how th e s e  

chem icals caused th e  s e p a ra t io n  o f  bark  from th e  t r e e  stem.

The fo llo w in g  chem ica ls  were chosen f o r  th e  problem: 

p ropy len e  g ly c o l  b u ty l  e th e r  e s t e r  o f  2 ,4 -d ich lo ro p h en o x y - 

a c e t i c  a c id ,  p ro p y len e  g ly c o l  b u ty l  e th e r  e s t e r  o f  2 ,4 ,5 -  

t r ich lo ro p h en o x y ac fe tic  a c id ,  and sodium mono ch lo ro  a c e t a t e .  

The f i r s t  two chem icals  a r e  commonly r e f e r r e d  to  as 2 ,4 -D  

e s t e r  and 2 , 4 , 5-T e s t e r ,  r e s p e c t i v e l y .  For th e  sake o f  

b r e v i ty ,  th e  a b b r e v ia t io n s  a r e  used  in  t h i s  p a p e r .
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In  v iew  o f  th e  f a c t  t h a t  b a r k - f r e e  wood i s  v e ry  impor­

t a n t  to  t h e  pu lp  and p a p e r  in d u s t ry ,  and because th e  t ru n k  

o f  th e  t r e e  i s  u s u a l ly  t h e  o n ly  p o r t io n  u sed  i n  th e  m anufac­

tu r e  o f  pu lp , th e  m ajo r emphasis o f  t h i s  s tu d y  was p la c e d  on 

th e  anatomy o f  th e  cambial re g io n  and a d ja c e n t  t i s s u e s  o f  

th e  stem. O b se rv a tio n s  on th e  anatomy o f  l e a v e s ,  tw ig s ,  and 

r o o t s  were made in  o rd e r  to  o b ta in  a d d i t io n a l  in fo rm a tio n  on 

th e  e f f e c t s  o f  th e  chem icals*

I n  a d d i t io n  to  c o l l e c t i n g  d a ta  on th e  m echanics o f  bark  

s e p a ra t io n ,  i t  was hoped to  de te rm ine  which o f  th e  ch em ica ls  

u sed  was th e  m ost e f f e c t i v e  i n  lo o se n in g  th e  bark o f  a spen . 

D i f f e r e n t  c o n c e n t ra t io n s  o f  chem ica ls  were employed In o rd e r  

to  s tu d y  th e  e f f e c t  o f  s t r e n g th  o f  s o lu t io n .  Methods and 

d a te s  o f  t r e a t i n g  were v a r ie d  in  an a ttem p t to  e s t a b l i s h  op­

timum c o n d i t io n s  f o r  t r e a t i n g  aspen.

F ie ld  o b s e rv a t io n s  were made in  an a ttem p t to  c o r r e l a t e  

e x te r n a l  changes i n  th e  t r e e  w ith  i n t e r n a l  ana tom ica l 

changes. These o b s e rv a t io n s  were made on le a v e s ,  b ran ch es , 

stem s, and r o o t s  o f  t r e a t e d  t r e e s .  P e r io d ic  i n s p e c t io n s  o f  

a l l  t r e a t e d  t r e e s  w ere made to  check th e  e f f e c t iv e n e s s  o f  

th e  v a r io u s  chem ical t r e a tm e n ts .

The problem  was l im i t e d  to  trem b lin g  aspen because o f  

t h e  abundance o f  t h i s  s p e c ie s  i n  th e  Lake S t a t e s  and because  

o f  th e  r e c e n t  in c re a s e d  u s e  o f  t h i s  t r e e  by th e  pu lp  and 

p ape r in d u s t r y  as  a so u rce  o f  raw m a t e r i a l .
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In  1942 th e  m ost im p o rtan t  pulpwood s p e c ie s  in  th e  Lake 

S t a t e s  from th e  s ta n d p o in t  o f  amount cu t was sp ruce ; i n  t h a t  

y e a r  ap p ro x im a te ly  426,000 s ta n d a rd  c o rd s ,  rough wood "basis, 

were c u t .  The amount o f  aspen c u t  was ap p ro x im a te ly  322,000 

c o rd s .  The amount o f  aspen h a rv e s te d  in  1951 was 935,000 

c o rd s .  The n e x t  h ig h e s t  s p e c ie s  in  1951 was p in e  w ith  a t o ­

t a l  o f  544,000 cords be ing  cu t (3 8 ) .  In  1953, aspen c o n t in ­

ued to  le a d  o th e r  sp e c ie s  w ith  a t o t a l  o f  938,902 cords h a r ­

v e s te d .  This r e p re s e n te d  about 45 p e r c e n t  o f  th e  t o t a l  

pulpwood h a r v e s t  i n  th e  Lake S t a t e s  (3 9 ) .



I I .  INTRODUCTION

I n  th e  m an u fac tu re  o f  pu lp  and p ap e r ,  i t  i s  im p e ra t iv e  

t h a t  a l l  hark  he removed from th e  pulpwDod s t i c k  b e fo re  th e  

l a t t e r  i s  p ro c e s se d .  P a r t i c l e s  o f  bark  a r e  o b je c t io n a b le  

because th ey  a r e  n o t  reduced  to  pu lp  and show up in  th e  f i n ­

is h e d  p ape r as sp eck s . Bark o f  m ost t r e e s  n o t  o n ly  p o s s e s s ­

es l i t t l e  o r  no f i b e r  v a lu e ,  b u t  c o n ta in s  d i r t  and o th e r  im­

p u r i t i e s  which m ust be removed b e fo re  th e  f i n a l  p ro d u c t i s  

formed. Mien chem ical p u lp in g  methods a r e  u se d ,  bark  con­

sumes chem ica ls  and steam to  no u s e fu l  p u rp o se .  I n  a d d i t io n ,  

i t  o c c u p ie s  v a lu a b le  d ig e s to r  space t h a t  could  be u t i l i z e d  

by a d d i t io n a l  wood c h ip s .  For th e s e  re aso n s  pulpwood m ust 

be com plete ly  barked  e i t h e r  i n  t h e  woods o r  j u s t  p r i o r  to  

th e  pu lp ing  o p e ra t io n  a t  th e  m i l l .

Many m i l l s  p r e f e r  pulpwood t h a t  has' been h and -p ee led  

in  th e  woods because  sh ip p in g  such wood u s u a l l y  r e s u l t s  in  

g r e a t ly  reduced  t r a n s p o r t a t i o n  charges . More a c tu a l  wood 

substance  can be t r a n s p o r te d  f o r  l e s s  money because o f  th e  

u t i l i z a t i o n  o f  space t h a t  o th e rw ise  would be occup ied  by th e  

bark , and because  o f  th e  sav ing  In  w eight due to  removal o f  

th e  b a rk .

In  th e  upper p e n in s u la  o f  M ichigan pulpwood i s  sh ipped  

by r a i l  acco rd ing  to  a w eight agreement between r a i l r o a d  and
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s h ip p e r .  For aspen th e  ag reed  w eight f o r  a  s ta n d a rd  co rd  o f  

rough (unpeeled) wood i s  4,300 pounds; th e  ag reed  w eigh t f o r  

a  s ta n d a rd  co rd  o f  p e e le d  wood i s  3,000 pounds. A ll  f r e i g h t  

charges  a r e  based  on t h e s e  w e i g h t s . /

H and-peeled  wood i s  a lso  l e s s  w a s te fu l  o f  raw m a te r i a l  

th a n  m ech a n ic a lly  barked  wood. Most m echan ica l b a rk e rs  r e ­

move a c e r t a i n  amount o f  wood in  th e  p ro c e s s  o f  removing th e  

b a rk . Hand p e e l in g ,  on th e  o th e r  hand, removes l i t t l e ,  i f  

any, wood.

Pulpwood p e e le d  i n  th e  woods e l im in a te s  th e  bark  d i s ­

p o s a l  problem t h a t  c o n f ro n ts  m i l l s  Tfiiiich p e e l  w ith  some ty p e  

o f  m echanical b a rk e r  a t  th e  m i l l .  A lthough much r e s e a rc h  

has been conducted to  f i n d  uses  f o r  th e  bark , in  m ost in ­

s ta n c e s  i t  can on ly  be u sed  f o r  f u e l  o r  must be d isp o sed  o f  

by o th e r  means. Even when used  as  f u e l  i t  m ust be p re s s e d ,  

d r ie d ,  s to re d ,  and burned in  s p e c ia l  ovens i f  maximum e f f i ­

c iency  i s  to  b e o b ta in e d { 64 ). l i i i s  p ro c e s s  in v o lv e s  a con­

s id e r a b le  o u t la y  o f  money f o r  equipment and demands a d d i­

t i o n a l  space f o r  l a r g e  s to ra g e  b in s .

In  o r d e r  to  remove bark  by h an d -p e e l in g  methods i t  i s  

n e c e s sa ry  to  cu t  and p e e l  t r e e s  du rin g  th e  s o - c a l l e d  sap- 

p e e l in g  season . For aspen, in  th e  Lake S t a t e s ,  t h i s  season 

ex tends  from abou t th e  m idd le  o f  May u n t i l  th e  end o f  August, 

depending on l o c a t i o n  and te m p e ra tu re .

During th e  s a p -p e e l in g  season , f o r  re a so n s  to  be ex­

p la in e d  l a t e r ,  t h e r e  e x i s t s  in  th e  cambial zone o f  th e  t r e e
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tru n k ,  a p la n e  o f  weakness which a llow s th e  hark  to  he 

p e e le d  o f f  e a s i l y .  B efore  and a f t e r  t h i s  season  th e  hark  i s  

h e ld  very  t i g h t l y  to  th e  stem o f  th e  t r e e  and i s  d i f f i c u l t  

to  remove.

One o f  th e  m ost s e r io u s  problem s connected  w ith  hand 

p e e l in g  today i s  th e  s c a r c i t y  o f  woods l a b o r .  I t  i s  v i r t u ­

a l l y  im p o ss ib le  f o r  pu lp  m i l l s  to  o b ta in  enough h an d -p ee led  

pulpwood during  th e  s a p -p e e l in g  season  to  s a t i s f y  t h e i r  

needs  f o r  th e  y e a r .  I t  i s  a lso  im p o ss ib le  to  h i r e  woods l a ­

bor o u t s id e  th e  s a p -p e e l in g  season i f  th ey  a re  to  be p a id  on 

a p ie c e  b a s is  b ecau se  o f  th e  low p ro d u c tio n  r e s u l t i n g  from 

th e  d i f f i c u l t i e s  encountered  i n  removing t i g h t  b a rk . L ik e ­

w ise , i t  would n o t  be economical to  h i r e  l a b o r  by th e  hour 

f o r  t h i s  ty p e  o f  work.

M echanical b a rk in g  i s  p r e f e r r e d  by some d e s p i t e  th e  ad­

v an tag e s  c i t e d  f o r  han d -p ee led  pulpwood. Pulpwood p e e le d  In  

th e  woods f r e q u e n t ly  becomes imbedded w ith  d i r t  and g r i t  en- 

r o u t e  to  th e  m i l l  and m ust be th o ro u g h ly  c leaned  b e fo re  u s ­

in g .  I f  t r a n s p o r t a t i o n  d i s ta n c e s  a re  s h o r t ,  o r  i f  t h e  wood 

can be d r iv e n  down r i v e r s  o r  s tream s, th e  sav ings e f f e c te d  

by p e e l in g  in  th e  woods may n o t  be very  g r e a t .  I f  an ade­

q u a te  supply  o f  h an d -p ee led  wood i s  n o t  a v a i l a b l e ,  m echan ical 

b a rk e rs  w i l l  have to  be m ain ta in ed  to  meet th e  b a lan c e  o f  

th e  re q u ire m e n ts .
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Even when m echan ica l b a rk e r s  a r e  u sed , th ey  a r e  m ost 

e f f i c i e n t  when th e  pulpwood has  been c u t  and sh ipped  d u ring  

th e  s a p -p e e l in g  season* Wood t h a t  h as  been cu t  b e fo re  o r  

a f t e r  th e  s a p -p e e l in g  season , o r  wood t h a t  h as  been cu t dur­

ing  t h i s  season  and n o t  p e e le d  q u ic k ly ,  w i l l  have t i g h t  

b a rk .  These s t i c k s  f r e q u e n t ly  must be s e n t  th rough  t y p i c a l  

drum b a r k e r s  th r e e  o r  f o u r  tim es i n  o r d e r  to  remove a l l  th e  

ba rk . I f  cu t and b a rk ed  during  th e  s a p -p e e l in g  seaso n , m ost 

s t i c k s  w i l l  bark  c l e a n ly  w ith  one o r  a t  th e  most two t r i p s  

through th e  b a rk e r .

In  o rd e r  to  e l im in a te  some o f  th e s e  prob lem s, much r e ­

sea rch  has been conducted i n  an e f f o r t  to  f i n d  methods o f  

t r e a t i n g  t r e e s  w ith  chem ica ls  which would k i l l  th e  t r e e s  

du ring  th e  s a p -p e e l in g  season and m a in ta in  th e  bark  in  a 

lo o sen ed  c o n d i t io n  f o r  an i n d e f i n i t e  p e r io d  o f  t im e . In  

t h i s  way pulpwood could  be h a rv e s te d  and p e e le d  e i t h e r  by 

hand o r  by m echanical b a rk e r s  a t  any season  o f  th e  y e a r ,  

e l im in a t in g  th e  problem s o f  s c a r c i t y  o f  woods l a b o r  and ex­

c e s s iv e  t r i p s  th rough  b a rk e r s .  This would h e lp  in s u r e  an 

adequate , co n tin u o u s  supply  o f  pulpwood which could be 

p ee le d  a t  low  c o s t  due to  th e  ease o f  p e e l in g .



I I I .  REVIEW OE LITERATURE

A, H i s t o r i c a l  Development o f  Tree P o iso n in g

The u se  o f  chem ica ls  f o r  th e  p u rp o se  o f  k i l l i n g  unde­

s i r a b l e  t r e e s  and sh rubs  i s  n o t  a new id e a .  A u s t r a l i a n  f o r ­

e s t e r s  employed v a r io u s  s o lu t io n s  c o n ta in in g  a r s e n ic  as  a 

s i l v i c u l t u r a l  to o l  as  e a r ly  as 1917 (4 5 ) .

E ar ly  experim en ts  i n  th e  U n ited  S t a t e s  concern ing  th e  

t re a tm e n t  o f  t r e e s  w ith  chem ica ls  were made by R udo lfs  in  

1919 (5 9 ) .  He conducted  experim en ts  to  determ ine  t h e  p h y s i ­

o lo g ic a l  changes t h a t  o c c u rre d  in  l i v i n g  t r e e s  when th e y  

were t r e a t e d  w ith  sodium c h lo r id e .  One o f  h i s  m ost i n t e r ­

e s t i n g  o b s e rv a t io n s  was th e  ga?eat v a r i a t i o n  i n  r e a c t io n  

among d i f f e r e n t  s p e c ie s  and in d iv id u a l s  w i th in  a s p e c ie s .

He found t h a t  c e r t a i n  s p e c ie s  showed v ig o ro u s  growth a f t e r  

an a p p l i c a t io n  o f  7 pounds o f  s a l t  p e r  t r e e  w h ile  o th e r s  

showed e x te n s iv e  i n j u r y  w ith  an a p p l i c a t io n  o f  on ly  4 

pounds. The deg ree  o f  growth and in j u r y  a lso  v a r ie d  w ide ly  

among in d iv id u a ls  w i th in  a s p e c ie s .

H e rb e r t  (37) r e p o r te d  th e  u se  o f  a r s e n ic  as a t r e e  

k i l l e r  i n  1925. A s o lu t io n  o f  1 pound a r s e n ic  and 1 pound 

washing soda, d is s o lv e d  in  4 g a l lo n s  o f  w a te r  gave v e ry  good 

r e s u l t s  in  k i l l i n g  c e r t a i n  b ro ad leav ed  t r e e s  and p re v en ted  

s p ro u t in g .
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The U n ited  £ t a t e s  Department o f  A g r ic u l tu r e  conducted  

l a r g e  s c a le  t e s t s  w ith  sodium a r s e n i t e  a s  a t r e e  p o iso n  and 

p u b l is h e d  th e  r e s u l t s  in  1928 (12) . The p u rp o se  o f  th e s e  

t e s t s  was to  d e te rm in e  i f  t r e e  p o iso n in g  was an e f f e c t i v e  

method o f  c l e a r in g  l a n d  and h a s te n in g  decay o f  stumps and 

lo g s .  I t  was r e p o r te d  t h a t  w ith in  one y e a r  a f t e r  t r e a tm e n t ,  

sev en ty -sev en  o f  208 po isoned  t r e e s  had f a l l e n .  The wood in  

th e s e  t r e e s  was d i s c o lo r e d ,  s o f t  and spongy and had no v a lu e  

f o r  lum ber. Most o f  t h e  rem aining  t r e e s  were dead, a lthough  

s t i l l  s ta n d in g .  A v e ry  c o n c e n tra te d  s o lu t io n  o f  1 pound 

w h ite  powdered a r s e n ic  and 2 pounds o f  l y e ,  mixed in  2 g a l ­

lo n s  o f  w a te r ,  was u sed  to  t r e a t  30 t r e e s  hav ing  an average 

d iam e te r  o f  15 In c h es  a t  b r e a s t  h e ig h t .  The s o l u t i o n  was 

poured  in to  f r i l l  g i r d l e s  which had been cu t  In to  th e  sap- 

wcod.

During November 1929 a s tudy  was conducted  in  so u th ­

e a s te r n  V i r g in ia  on a s tan d  o f  t im b e r  composed o f  l o b l o l l y  

p in e  and mixed hardwoods. One phase  o f  t h i s  s tu d y  d e a l t  

w ith  a comparison o f  m ethods o f  removing u n d e s i r a b le  h a rd -  

wcods and o f  p re v e n t in g  subsequent s p ro u t in g .  Some t r e e s  

were f e l l e d ,  some were g i r d le d  and re c e iv e d  no t r e a tm e n t ,  

and o th e r s  were f r i l l e d  and po isoned  w ith  sodium a r s e n i t e .  

One y ea r  a f t e r  t r e a tm e n t ,  51 p e rc e n t  o f  th e  g i r d l e d  t r e e s  

had dead crowns and 85 p e rc e n t  o f  th e  f r i l l e d - t r e a t e d  t r e e s  

had dead crowns. I t  was f u r t h e r  r e p o r te d  t h a t  58 p e rc e n t  o f
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th e  f e l l e d  hardwood stumps had v ig o ro u s  s p ro u ts ,  55 p e rc e n t  

o f  th e  g i r d l e d  t r e e s  were sp ro u t in g  and o n ly  56 p e r c e n t  o f  

th e  f r i l l e d - t r e a t e d  t r e e s  were s p ro u t in g .  I t  was a l s o  no­

t i c e d  t h a t  th e  s p ro u ts  o f  t h e  f r i l l e d - t r e a t e d  t r e e s  were 

much s h o r t e r  and l e s s  v ig o ro u s  than  t h e  s p ro u ts  o f  e i t h e r  

th e  stumps o r  th e  g i r d l e d  t r e e s  (4 5 ) .

S tow asser (6 5 ) , working w ith  po tass ium  d ichrom ate  and 

o th e r  chem icals  in  1930, r e p o r te d  t h a t  when h o le s  were bo red  

in to  th e  t ru n k s  o f  lombardy p o p la r  t r e e s  and chem icals  

poured in to  th e  h o le s ,  o n ly  th e  v e s s e l s  d i r e c t l y  above and 

below  th e  h o le s  were a f f e c t e d .  H is  c o n c lu s io n s  were t h a t  

t h i s  method was n o t  s a t i s f a c t o r y  f o r  k i l l i n g  th e  t r e e s .

Cope and Spaeth  made s im i l a r  o b s e rv a t io n s  In  1951 u s in g  

sodium a r s e n i t e  to  k i l l  th o rn -a p p le  (2 0 ) .  They made axe 

c u ts  around th e  stems and l e f t  a space  between c u t s .  They 

found t h a t  th e  sodium a r s e n i t e  d id  n o t  d i f f u s e  l a t e r a l l y  

more th an  o n e -h a l f  In ch  beyond th e  edges o f  th e  c u t s .  They 

t r e a t e d  during  th e  months o f  F eb rua ry , May, August and No­

vember and re p o r te d  th e  l a r g e s t  p e rc e n ta g e  o f  k i l l i n g  and ^

th e  l a r g e s t  number o f  sp ro u ts  fo llo w ed  th e  May t r e a t m e n t s /
/

One phase  o f  t h e i r  experim ents  compared th e  e f f e c t s  o f  p o i ­

soning u s in g  a f r i l l  w ith  th e  e f f e c t s  p roduced by b o rin g  

h o le s  t h r e e - q u a r t e r s  o f  an in ch  in  d iam ete r  w ith  an auger 

b i t .  They found th e  f r i l l  and au g e r-h o le  methods to  be 

e q u a lly  e f f e c t i v e  f o r  s m a l l - s iz e d  t r e e s ,  b u t  r e p o r te d  t h a t  

th e  a u g e r -h o le  method d ec reased  in  e f f e c t iv e n e s s  w ith  l a r g e r
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t r e e  diam feters. From th e s e  I n v e s t i g a t i o n s  th e y  developed  

th e  "C orne ll  Tool" which has  been u sed  e x te n s iv e ly  f o r  t r e e  

p o iso n in g .

P e a rso n  (54) r e p o r t e d  on experim en ts  conducted du ring  

1954, 1955, and 1936 by th e  Southw estern  F o re s t  and Range 

Experiment S t a t io n .  These i n v e s t i g a t io n s  were c a r r i e d  o u t  

to  determ ine i f  t r e e  p o iso n in g  could  be u sed  as  a means o f  

s tan d  improvement f o r  ponderosa  p in e .  Trees po isoned  were 

o ver 6 in ch es  in  d ia m e te r  a t  b r e a s t  h e ig h t ,  and. th e  auger- 

h o le  method o f  p o iso n in g  was employed, u s in g  sodium a r s e n i t e .  

On most t r e e s  th e  h o le s  were r e f i l l e d  a second tim e and a 

k i l l  o f  a lm ost 100 p e r c e n t  was o b ta in e d .  H is c o n c lu s io n s  

were t h a t  u n d e s i r a b le  t r e e s  p o isoned  in  t h i s  manner r e le a s e d  

s e e d l in g s  and, by c a r ry in g  p a r t  o f  th e  snow lo a d  on t h e i r  

dead b ranches , gave them p r o t e c t i o n  f o r  a number o f  y e a r s .  

There was a lso  s t ro n g  ev idence  t h a t  t r e e s  k i l l e d  by t h i s  

method d id  n o t  a t t r a c t  th e  Ip s  b e e t l e  which r e a d i ly  i n f e s t s  

u n t r e a te d  f e l l e d  t r e e s  In  th e  Southw est.

F u r th e r  o b s e rv a t io n s  o f  th e  same experim ents were pub­

l i s h e d  in  1939. This p ap e r  r e p o r te d  t h a t  h o le s  bored  more 

o r  l e s s  p a r a l l e l  to  th e  c ircum ference  o f  th e  t r e e  produced 

q u ic k e r  k i l l s  th an  h o le s  bored  s t r a i g h t  in to  t h e  t r e e  t o ­

wards th e  p i t h .  I t  was a lso  s t a t e d  t h a t  h ig h e r  s t r e n g th  so­

l u t i o n s  in c re a s e d  th e  number o f  t r e e s  k i l l e d ,  o th e r  f a c t o r s  

rem aining  unchanged (44) .
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Cook (18) d e s c r ib e d  th e  r e s u l t s  o f  p o iso n in g  13 d i f f e r ­

en t  s p e c ie s  w ith  sodium a r s e n i t e  in  1944. He found g r e a t  

d i v e r s i t y  among th e  v a r io u s  s p e c ie s  as  to  r e s i s t a n c e  to  th e  

p o iso n  and to  th e  amount o f  sp ro u t in g  a f t e r  t r e a t i n g .  Com­

p l e t e  k i l l i n g  o f  aspen clumps, o r i g i n a t i n g  from ro o t  su c k e rs  

o f  an e x te n s iv e  system , was found to  he p r a c t i c a l l y  impos­

s i b l e .  The above-ground p o r t io n s  were com ple te ly  k i l l e d  b u t  

r o o t  su ck e rs  came up i n  abundance, o f t e n  w i th in  a few in ch es  

o f  com plete ly  k i l l e d  s tem s. He concluded t h a t  because o f  

th e  h aza rd  to  man and b e a s t ,  and because o f  th e  v a r i a t i o n  in  

e f f e c t i v e n e s s ,  sodium a r s e n i t e  had o n ly  l im i t e d  u s e f u ln e s s  

in  f o r e s t  and w i l d l i f e  management.

Towards th e  end o f  World War I I  t r e e  p o iso n in g  was g iv ­

en a f u r t h e r  im petus w ith  th e  appearance  o f  new chem ica ls , 

which were be ing  m arketed  as s e l e c t i v e  h e r b ic id e s .  These 

chem icals  were n o n - to x ic  to  men and an im als  in  th e  q u a n t i ­

t i e s  and c o n c e n t r a t io n s  used ; e a r ly  experim ents  in d ic a te d  

t h a t  th ey  m ight be v e ry  e f f e c t i v e  as t r e e - k i l l e r s .

One o f  th e se  ch em ica ls ,  ammonium su lfam ate  ( t r a d e  name 

T̂Ammate,,) , r e c e iv e d  c o n s id e ra b le  a t t e n t i o n ,  e s p e c i a l ly  in  

th e  so u th . The u s e  o f  ,^Ammate,, was s t ro n g ly  advocated  by 

Peevy in  1947 and 1949 f o r  k i l l i n g  u n d e s i r a b le  hardwoods in  

th e  sou th , e i t h e r  by p la c in g  th e  c r y s t a l s  in  f r i l l s  o r  pour­

ing  a w a te r  s o lu t io n  in  them (55 and 56).

V arious fo rm u la t io n s  o f  2 ,4 -d ic h lo ro p h e n o x y a c e t ic  a c id  

(2,4-D) and 2 ,4 ,5 - t r i c h lo r o p h e n o x y a c e t ic  a c id  (2 ,4 ,5 -T )  ap-
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p ea red  on th e  m arke t about th e  same tim e as  "Animate." These 

chem ica ls , e s p e c i a l ly  th e  form er, became very  p o p u la r  as  

w e e d - k i l l e r s .  They were a lso  employed s u c c e s s f u l ly  as 

b r u s h - k i l l e r s  and some o f  th e  e a r l i e s t  a p p l i c a t io n s  f o r  t h i s  

pu rpose  were f o r  th e  c o n t ro l  o f  t r a n s m is s io n  r ig h t s -o f - w a y  

(61) .

In  1950 th e  r e s u l t s  o f  e x te n s iv e  t e s t s  w ith  t h e s e  two 

chem icals  in d ic a te d  t h a t  3 , 4 , 5-T was much more e f f e c t i v e  

th a n  2,4-D  as  a b r u s h - k i l l e r  (2 ) .

The Dow Chemical Company r e p o r te d  in  1950 t h a t  a f t e r  

f i v e  y e a rs  o f  r e s e a rc h  and f i e l d  t e s t s ,  th e y  found m ost 

woody s p e c ie s  could  be k i l l e d  w ith  b a s a l  bark  sp ray s  o f

2 ,4 -D  and 2 , 4 , 5-T a p p l ie d  du ring  any season o f  th e  y e a r .

Even many s p e c ie s  which were r e s i s t a n t  to f o l i a g e  sp ray s  ap­

pea red  to  be s u s c e p t ib l e  to  b a sa l  bark  sp ray s  (3 ) .

A comprehensive p a p e r  by Chaiken (17) in  1951 d e s c r ib e d  

th e  r e s u l t s  o b ta in e d  w ith  many d i f f e r e n t  chem icals  and d i f ­

f e r e n t  t r e a t i n g  m ethods. He n o ted  t h a t  2 , 4 , 5-T was much su­

p e r i o r  to  2 ,4-D  in  k i l l i n g  u n d e s i r a b le  hardwoods in  th e  

S o u th eas t .  "Animate" a ls o  proved to  be v e ry  p o te n t  b u t  c o s t  

two to  t h r e e  tim es a s  much as 2 , 4 , 5-T . He a lso  n o te d  th a t  

some ty p e s  o f  t r e a tm e n t  were more e f f e c t i v e  th an  o th e r s  when 

a p p l ie d  to  th e  same s p e c ie s .  For example, sweetgum was 

r e a d i ly  k i l l e d  by f o l i a g e  sprays o f  2 ,4 ,  5-T b u t  slow  to  r e ­

spond to  b a s a l  sp ra y s .  Some o f  th e  oaks were e a s i l y  k i l l e d
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by b a s a l  sp ray s  b u t  sprouted, v ig o ro u s ly  a f t e r  f o l i a g e  sp ray ­

in g .  An em ulsion o f  2 , 4 , 5-T in  f r i l l s  was found to  be ve ry  

slow in  k i l l i n g  t r e e s  b u t  a lso  v e ry  tho rough . No s p ro u t in g  

was d e te c te d  on any t r e e  t h a t  had been p r o p e r ly  t r e a t e d  in  

t h i s  manner w ith  a 2 ,4 ,  5-T em ulsion . A b a s a l  sp ray  o f

2 , 4 , 5-T in  o i l  a lso  gave good r e s u l t s  b u t  c o s t  much more 

than  th e  f r i l l  method because l a r g e r  volumes and h ig h e r  con­

c e n t r a t io n s  were needed . I t  a lso  appeared  to  be m ost e f f i ­

cac iou s  on th in -b a rk e d  s p e c ie s .

In  1953, Arend (6 ,7 ) r e p o r te d  on i n v e s t i g a t io n s  c a r r i e d  

o u t  in  M ichigan w ith  e s t e r s  o f  2,4-D and 2 , 4 , 5-T. He found 

t h a t  a 1 p e r c e n t ,  by w e ig h t,  s o lu t io n  o f  2 , 4 , 5-T in  d i e s e l  

o i l ,  a p p l ie d  in  f r i l l s  was very  e f f e c t i v e  in  k i l l i n g  scrub 

oak , aspen and re d  m aple.

This same i n v e s t i g a t o r  a lso  r e p o r te d  in  1953 on th e  r e ­

s u l t s  o f  b a s a l  sp ray  t r e a tm e n ts  o f  scrub aspen w ith  th e  same 

two chem icals  ( 8 ) .  He observed  t h a t  b a s a l  spray  t r e a tm e n ts  

were most e f f e c t i v e  when a p p l ie d  d u rin g  th e  growing season , 

from th e  tim e o f  f u l l  l e a f  development th rough  th e  end o f  

September. T rees  sp rayed  d u rin g  t h i s  p e r io d  showed no s ig n s  

o f  suckering  when examined 3 y e a rs  a f t e r  t r e a t i n g .  Trees 

t r e a t e d  in  a s im i l a r  manner bu t d u rin g  th e  dormant and e a r ly  

growing seasons sp ro u ted  p r o l i f i c a l l y  beg inn ing  w ith  th e  

second y e a r  a f t e r  t r e a t i n g .  T rees f r i l l e d  and t r e a t e d  w ith  

w ith  th e  same s o lu t io n s  sp ro u ted  th e  f i r s t  y ea r  a f t e r  t r e a t ­
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in g .  I t  was a lso  o bserved  t h a t  sp ray in g  th e  t r e e  tru n k  from 

th e  ground to  a p o in t  4 f e e t  above th e  ground was more e f ­

f e c t i v e  than  sp ra y in g  to  a h e ig h t  o f  2 f e e t  above th e  ground, 

even when th e  s t r e n g th  o f  s o lu t io n  a p p l ie d  to  th e  2 f o o t  

spray  was doubled .

In  1953 Morrow (52) r e p o r te d  on i n v e s t i g a t i o n s  conduct­

ed n e a r  I th a c a ,  New York. Aspen was t r e a t e d  by th e  b a sa l  

spray  method u s in g  o i l  s o lu t io n s  o f  2 ,4-D  and 2 , 4 , 5-T du ring  

th e  growing and dormant sea so n s . The r e s u l t s  o f  t h i s  exper­

im ent were n o t  i n  agreem ent w ith  th o se  r e p o r te d  by Arend (8). 

Morrow found no a p p a re n t  d i f f e r e n c e s  due to  h e ig h t  o f  sp ray  

o r  season  o f  t r e a t i n g  on subsequent su ck e r in g . No sp ro u t in g  

o f  any k in d  was found on any o f  h i s  t e s t  p l o t s .  H is  exp la­

n a t io n  o f  th e  d isag reem en t i n  r e s u l t s  between h i s  work and 

th a t  o f  Arend was th e  p o s s ib l e  in f lu e n c e  o f  t r e e  v ig o r  on 

subsequen t su c k e r in g .  H is  t r e e s  were o f  slow growth, 60 

y e a rs  o ld ,  T/diereas Arend had conducted h i s  r e s e a rc h  on v ig ­

o ro u s  young aspen .
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B. Development o f  Chemical Debarking i n  Canada

The f i r s t  experim en ts  w ith  ch em ica ls  to  f a c i l i t a t e  bark  

removal were conducted by A lexander R. White o f  O n ta r io ,  

Canada, in  June, 1941 (71) . White based h i s  i n v e s t i g a t io n s  

on th e  th eo ry  t h a t  i f  a  "v e g e ta b le  t o x i c a n t ” could  be i n ­

je c te d  in to  th e  sap s tream  o f  a t r e e ,  d ea th  m ight r e s u l t  

q u ic k ly  and p re v e n t  th e  t r e e  from com pleting  norm al, annual 

grow th. He f u r t h e r  reaso n ed  t h a t  i f  t h i s  was accom plished  

and th e  t r e e  d id  n o t  l o s e  m o is tu re  too r a p id ly ,  t h e  bark 

m igh t rem ain in  a p e e l  a b le  c o n d i t io n  f o r  p e rh ap s  50 days be­

yond th e  normal s a p -p e e l in g  season .

At f i r s t  h o le s  were bored  in to  th e  t ru n k s  o f  sp ru ce  and 

p o p la r  t r e e s  a t  ground l e v e l .  The p o iso n in g  agen t was a 

w a te r  s o lu t io n  o f  calcium  c h lo r id e  and sodium c h lo r a te .  The 

r e s u l t s  o f  th e  f i r s t  a t te m p ts  were n e g a t iv e  because  i t  was 

im p o ss ib le  to  g e t  enough s o lu t io n  in to  th e  h o le s  to  k i l l  th e  

t r e e s .  I t  was observed  t h a t  th e r e  was v e ry  l i t t l e  l a t e r a l  

movement o f  th e  s o lu t io n  from th e  h o le s .

In  th e  l a t e  summer o f  1941, th e  method o f  app ly ing  th e
/ /chemical was changed and th e  t r e e s  were g i r d le d / /  A 5 p e r ­

c e n t ,  by w eigh t, w a te r  s o lu t io n  o f  calcium  c h lo r id e  and so­

dium c h lo r a te  was a p p l ie d  to  t h e  g i r d le d  a r e a  and h e ld  in  

c o n ta c t  by means o f  a w a t e r - t i g h t  dam a t  th e  base  o f  th e  

g i r d l e ;  d e t a i l s  o f  t h i s  dam were la c k in g  in  t h e  l i t e r a t u r e .  

The chem ica ls  were u sed  in  a r a t i o  o f  3 p a r t s  calcium  ch lo -
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r i d e  to  1 p a r t  sodium c h lo ra te *  This method appeared  to  be 

p a r t i a l l y  s u c c e s s fu l  on bo th  sp ruce  and aspen . The crowns 

o f  th e  t r e e s  were k i l l e d  by th e  chem icals  b u t  th e  expense o f  

th e  method and th e  d i f f i c u l t i e s  encou n te red  i n  f a s h io n in g  a 

w a t e r - t i g h t  dam around th e  g i r d l e  l e d  to  th e  u se  o f  a th ic k  

p a s t e  tow ards th e  end o f  August. The p a s te  c o n ta in e d  th e  

same chem icals and was smeared on th e  g i r d l e d  a re a .  The en­

t i r e  g i r d l e  was wrapped w ith  c h e e s e c lo th .  B efore  ap p ly in g  

th e  chem ical, th e  g i r d l e  was sco red  to  a depth o f  about one- 

q u a r te r  o f  an in c h .  P o p la r  was used w ith  t h i s  method and 

a l l  t r e e s  were k i l l e d  w i th in  7 days a f t e r  t r e a t i n g .  I t  was, 

however, too l a t e  in  th e  season  to  in f lu e n c e  th e  p e e i a b i l i t y  

o f  th e  t r e e s  du ring  th e  c u r re n t  gro\ving season , b u t  th e  

t r e e s  p ee led  f a i r l y  w e ll  th e  fo l lo w in g  sp r in g  (71) .

In  1942 th e  p ro c e s s  o f  ap p ly in g  chem icals  to t r e e s  f o r

th e  purpose  o f  debark ing  was p a te n te d  by White (5 3 ) .  During 

th e  same y e a r  many p u lp  and lumber companies conducted t e s t s  

to  determ ine th e  e f f e c t iv e n e s s  o f  th e  chem ica l. Burk (15) 

r e p o r te d  th e  experim en ts  c a r r i e d  o u t  on spruce  which had been

t r e a t e d  w ith  Cambicide A ( t h i s  was a commercial p roduc t

■which c o n s is te d  o f  p re p a re d  r o l l s  o f  p ap e r  bandage, coa ted  

w ith  a m ix tu re  o f  sodium c h lo r a te  and calcium  c h lo r id e )  . I t  

was no ted  t h a t  some sp ru ce  t r e e s  t r e a t e d  during  th e  sap- 

p e e l in g  season  d id  n o t  p e e l  e f f e c t i v e l y  a f t e r  th e  s a p -p e e l in g  

season was o v e r .  I Some s t i c k s  p e e le d  r e a d i ly  b u t  some d id
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n o t p e e l  a t  a l l .  I t  was concluded t h a t  t h e  chem ical d id  n o t 

g iv e  s a t i s f a c t o r y  r e s u l t s  over th e  e n t i r e  le n g th  o f  th e  

t r e e ,  th e  s t i c k s  from th e  upper p o r t io n s  o f  t h e  t ru n k  being  

much more d i f f i c u l t  to  p e e l  th a n  th o s e  from t h e  low er r e ­

g io n s .  S im ila r  c o n c lu s io n s  were drawn a f t e r  o b se rv in g  m ate­

r i a l  which had been ru n  th rough  a drum b a r k e r .

In  1945 t e s t s  were u n d e r ta k en  by th e  F o r e s t  P ro d u c ts  

L a b o r a to r ie s  o f  Canada a t  th e  Dominion F o re s t  Experiment 

S ta t io n  a t  Petawawa. A v a r i e t y  o f  chem ica ls  and t r e e  spe­

c i e s  were employed in  th e s e  experim ents  and t r e a tm e n ts  were 

made d u rin g  June, J u ly  and August.

I t  was observed  t h a t  th e  v a r io u s  chem icals  r e a c te d  in  

two d i s t i n c t  ways. Some o f  them re a c te d  in  a ve ry  ra p id  

manner, causing  d e f o l i a t i o n  and death  w i th in  a week. The 

a c t io n  o f  o th e r s  was much slow er, th e  t r e e s  r e t a i n i n g  t h e i r  

l e a v e s  f o r  weeks, and in  some ca ses  up u n t i l  th e  tim e o f  

normal l e a f  f a l l .  I t  was determ ined  t h a t  th e  f a s t - a c t i n g  

chem icals were th e  m ost e f f e c t i v e  in  f a c i l i t a t i n g  bark  r e ­

m oval. One o f  th e  b e s t  chem ica ls  observed  was a com bination 

o f  a r s e n ic  t r i o x i d e  and c a u s t i c  soda in  a p a s te  form. 

Treatm ents a p p l ie d  d u rin g  t h e  e a r ly  p a r t  o f  th e  normal sap - 

p e e l in g  season gave b e t t e r  r e s u l t s  than  th o s e  made tow ards 

th e  end o f  summer (52) ,

By 1946 i t  had d e f i n i t e l y  been e s ta b l i s h e d  t h a t  so lu ­

t i o n s  and p a s te s  c o n ta in in g  e i t h e r  sodium a r s e n i t e  o r  a r ­
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se n ic  t r i o x i d e ,  when a p p l ie d  to  g i r d l e s ,  were th e  m ost e f ­

f e c t i v e  chem ica ls  f o r  lo o se n in g  b a rk .  However, because  o f  

th e  h aza rd s  in v o lv e d  i n  u s in g  a r s e n ic  compounds, th e  s e a rc h  

f o r  a " p e r f e c t ” chemical co n tin u ed . T h e re fo re ,  i t  was p rp -  

posed to  t e s t  th e  recently* developed w e e k - k i l l e r s  (1)/.

I n  1947 H ale  (53) summarized th e  work o f  th e  F o re s t  

P ro d u c ts  L a b o r a to r ie s  i n  co n n ec tio n  w ith  th e  chem ical t r e a t ­

ment o f  t r e e s  to  f a c i l i t a t e  bark  rem oval. New chem icals  had 

been t e s t e d  bu t a r s e n i c  p a s te  m ix tu re s  s t i l l  appeared  to  be 

th e  b e s t .  I t  was o b se rv ed , however, t h a t  w h ile  a r s e n ic  ap­

p a r e n t ly  had some to x ic  e f f e c t s  towards i n s e c t s ,  "Ammate" 

had none, w ith  th e  r e s u l t  t h a t  t r e e s  t r e a t e d  w ith  t h i s  cham- 

i c a l  were s u b je c t  to  s e r io u s  bark  i n s e c t  a t t a c k .  This 

caused th e  bark  to  b reak  up in to  sm all p ie c e s  along  th e  nu­

merous g a l l e r i e s  making hand p e e l in g  v e ry  d i f f i c u l t .  Coni­

f e r s  p ee led  r e a d i l y  i n  th e  drum b a rk e r ,  b u t  i t  was found 

t h a t  th e  s t i c k s  from th e  upper p a r t s  o f  aspen t r e e s  d id  n o t  

p e e l  c le a n ly ,  n e c e s s i t a t i n g  a second t r i p  th roug h .

The sodium s a l t  o f  2 ,4-D  a p p l ie d  as a w ate r p a s t e  

showed prom ise o f  b e in g  an e f f e c t i v e  chemical f o r  debark ing  

when used  d u ring  June. T rees t r e a t e d  a f t e r  lu n e  d id  n o t  

g iv e  fa v o ra b le  r e s u l t s .  No evidence o f  s t a i n  o r  bark  i n ­

s e c t s  was found on 2,4-D  t r e a t e d  t r e e s .

Experim ents conducted a t  S tev ens , O n ta r io  during  1947 

and 1948 were r e p o r te d  by M cIntosh (4 6 ,4 7 ) .  Among o th e r
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th in g s ,  w eight r e d u c t io n  o f  t r e a t e d  t r e e s ;was s tu d ie d  and 

com parisons were made between t r e a t e d  and u n t r e a te d  t r e e s ,  

as  w e ll  as between d i f f e r e n t  chem icals* Weight r e d u c t io n  

was determ ined  by means o f  t e s t  s e c t io n s  c u t  from s ta n d in g ,  

t r e a t e d  t r e e s  and compared w ith  s i m i l a r  s e c t io n s  tak en  from 

u n t r e a te d  t r e e s .  I t  was found t h a t  w h ile  w eigh t r e d u c t io n s  

o f  up to  10 pounds p e r  cubic fo o t  were o b ta in e d  w ith  some 

c o n i f e r s ,  hardwoods in  g e n e ra l  showed l i t t l e  o r  no w eigh t 

reduc tio n*  There was no s i g n i f i c a n t  d i f f e r e n c e  o f  one chen- 

i c a l  o v e r  a n o th e r  i n  reduc in g  w e ig h t .

A subsequen t r e p o r t  concern ing  w eigh t re d u c t io n  was 

p u b l ish e d  in  1949 (48)• This r e p o r t  covered experim en ts  in  

which some t r e e s  were g i r d le d  and t r e a t e d ,  some were g i r d l e d  

o n ly ,  and o th e r s  were used  u n t r e a te d  as c o n t r o l s .  Two meth­

ods were used  to  check w eight red uc tion *  One method was to  

f e l l  t r e e s  abou t fo u r  months a f t e r  they  had been g i r d l e d  and 

t r e a t e d .  S e c t io n s  were ta k e n  from a l l  p o r t io n s  o f  th e  

t ru n k s  and compared w ith  s i m i l a r  s e c t io n s  tak en  from th e  

normal t r e e s  f e l l e d  a t  th e  same tim e . The second method em­

p loyed  th e  same te c h n iq u e  b u t  was n o t  conducted u n t i l  a y e a r  

a f t e r  t r e a t i n g  and in c lu d e d  th e  t r e e s  which had  been g i r d l e d  

bu t n o t  t r e a t e d .  I t  was found t h a t  jack  p in e  and balsam f i r  

t r e e s  were n o t  much l i g h t e r  in  w eight than  t r e e s  which had 

been g i r d l e d  w ith o u t a chemical trea tm en t*  Aspen and balsam  

p o p la r  showed no s i g n i f i c a n t  re d u c t io n  in  w eight when com-
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p ared  to  u n t r e a te d  t r e e s  f o u r  months a f t e r  t r e a t i n g .  T re a t ­

ed and g i r d le d  w h ite  b i r c h  a c t u a l l y  were h e a v ie r  th an  un­

t r e a t e d  t r e e s  when compared f o u r  months a f t e r  t r e a t i n g .  The 

wood o f  hairdwood t r e e s  which had been g i r d l e d  and t r e a t e d  

was i n  some in s ta n c e s  h e a v ie r  th an  t h a t  o f  hardwoods which 

had been g i r d le d  o n ly ,  when checked one y e a r  a f t e r  t r e a t i n g .

M cIntosh and H ale  (50) p re se n te d  a d d i t io n a l  in fo rm a tio n  

p e r ta in in g  to  th e  e f f e c t s  o f  d i f f e r e n t  chem ica ls  and tim e o f  

t re a tm e n t  on th e  deba rk ing  o f  numerous hardwood and softwood 

s p e c ie s .  They concluded t h a t  a p a s t e  o f  one p a r t  a r s e n ic  

t r i o x i d e  and one p a r t  c a u s t i c  soda was t h e  b e s t  f o r  debark­

ing  bo th  c o n i f e r s  and hardwoods. A com bination o f  a r s e n ic  

and ammonium su lfam a te  was n ex t  b e s t .  Ammonium su lfam a te  

a lon e  was e f f e c t i v e  in  lo o se n in g  th e  bark o f  some s p e c ie s  

b u t n o t  a l l .  The sodium s a l t  o f  2 ,4-D  was e r r a t i c  i n  p e r ­

formance and was n o t  recommended as  a b a rk -p e e l in g  c h o n ic a l .  

I t  appeared  to be p a r t i a l l y  s u c c e s s fu l  on th e  low er p o r t io n s  

o f  th e  t ru n k , b u t  s t i c k s  from th e  upper p o r t io n  pee led  w ith  

d i f f i c u l t y .  A ll  chem ica ls  were a p p l ie d  a s  p a s t e s ,  which 

were sp read  on a band o f  c r in k le d  p ap e r .  The t r e a t e d  p ap e r  

was p u l le d  t i g h t l y  around th e  g i r d l e d  p o r t io n  o f  th e  t r e e  

t ru n k  and h e ld  f a s t  w ith  an u p h o ls te ry  t a c k .  I t  was ob­

served  t h a t  in  most in s t a n c e s  c o n i f e r s  p e e le d  b e t t e r  than  

hardwoods r e g a rd le s s  o f  th e  chem ical u sed .
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Trees t r e a t e d  during  June and J u ly ,  w ith  th e  more e f ­

f e c t i v e  ch em ica ls ,  p e e le d  e a s i l y  when th e y  were f e l l e d  th e  

fo llo w in g  O c to b e r . They were a lso  e a s i l y  p e e le d  when t e s t e d  

th e  fo llow in g  y e a r .

The e f f e c t iv e n e s s  o f  August t r e a tm e n ts  seemed to  de­

pend, to  a l a r g e  e x te n t ,  on th e  s p e c ie s  t r e a t e d .  Balsam f i r  

was r e a d i ly  p e e le d  when f e l l e d  th e  fo llo w in g  O ctober bu t a s ­

pen, balsam p o p la r ,  jack  p in e ,  and sp ru ce  p e e le d  o n ly  

s l i g h t l y  b e t t e r  th an  norm al, u n t r e a te d  t r e e s  f e l l e d  a t  th e  

sam e.tim e. T rea ted  w h ite  b i rc h  was j u s t  as  d i f f i c u l t  to 

p e e l  as  u n t r e a te d  t r e e s  f e l l e d  a t  th e  same t im e . Most t r e e s  

t r e a t e d  in  August and t e s t e d  th e  fo llow in g  June p e e le d  a s  

e a s i l y  o r  more e a s i l y  th a n  u n t r e a te d  c o n t ro l  t r e e s .

With th e  excep tio n  o f  balsam f i r ,  a l l  sp e c ie s  which had 

been t r e a t e d  in  September and f e l l e d  in  O ctober were as d i f ­

f i c u l t  to p e e l  as  u n t r e a te d  t r e e s  f e l l e d  a t  th e  same tim e . 

T rees t r e a t e d  in  September and t e s t e d  th e  fo llo w in g  y e a r  

were observed to  p e e l  more e a s i l y  as th e  summer p ro g re s se d .  

Jack p in e  and b lack  sp ruce  gave th e  p o o re s t  r e s u l t s  when 

t e s t e d  th e  fo l lo w in g  y e a r .

The same two i n v e s t i g a t o r s  (34) re p o r te d  i n  December, 

1949, th e  development o f  a gaso line-pow ered  g i r d l i n g  to o l  

which was re p o r te d  to  speed up g r e a t ly  th e  t r e a t i n g  p ro c e s s .  

They a ls o  no ted  t h a t  r e c e n t  t e s t s  had in d ic a te d  th e  u se  o f 

p a s t e s  w ithou t th e  p r o t e c t i v e  p ap e r  band appeared  to  be as
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s u c c e s s fu l  In  lo o se n in g  bark  as th e  commonly a c c e p te d  method 

o f  u s in g  a band w ith  t h e  p a s t e .

By 1951 i t  had d e f i n i t e l y  been e s t a b l i s h e d  t h a t  ap p ly ­

in g  a t h i n  w a te r  p a s t e  o f  a r s e n ic  to  th e  g i r d le d  a r e a  o f  a 

t r e e  w ith  a p a in t  b rush  and n o t  w rapping i t  was th e  m ost 

economical method y e t  t r i e d .  I t  was a lso  j u s t  as e f f e c t i v e  

as any o th e r  method t r i e d .  A r e p o r t  summarizing th e  r e s u l t s  

o f  t e s t s  u s in g  25 d i f f e r e n t  chem icals showed t h a t  v a r io u s  

forms o f  a r s e n ic  were s t i l l  th e  m ost e f f e c t i v e  in  lo o s e n in g  

th e  bark  o f  t r e e s  and c o n t r o l l i n g  bark  i n s e c t s .  I t  was a lso  

p o in te d  o u t  t h a t  when chem icals  were n o t  a p p l ie d  evenly  

around th e  g i r d l e ,  t h e  ease  o f  p e e l in g  was n o t  un ifo rm . She 

chemical appeared to  a f f e c t  on ly  th e  bark  d i r e c t l y  above th e  

p o in t  o f  a p p l i c a t i o n .  The bark remained g reen  above a re a s  

o f  th e  g i r d l e  which had n o t  rece iv ed  s u f f i c i e n t  chem ica l.

I t  was a lso  observed  t h a t  w ith  t r e e s  which c o n ta in e d  normal 

r e s i n  c a n a ls ,  i t  was n e c e s sa ry  to  apply  th e  chem ical Immedi­

a t e l y  a f t e r  g i r d l i n g ,  o th e rw is e  a f i lm  o f  r e s i n  co a ted  th e  su r­

f a c e  o f  th e  g i r d l e d  a re a  and impeded a b s o rp t io n  o f  th e  chom- 

i c a l  in to  t h e  sapwood (49) .

C* Chemical Debarking i n  th e  U n ited  S t a t e s

Experim ents w ith  chem ica ls , f o r  th e  p u rpose  o f  debark­

ing  t r e e s ,  were s t a r t e d  in  th e  U n ited  S ta t e s  s h o r t ly  a f t e r
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A. R. W hite announced h i s  p ro c e ss  i n  Canada. However, i t  

was n o t  u n t i l  1948 t h a t  l a r g e  s c a le  t e s t s  were u n d e r ta k e n .

The Armstrong F o re s t  Company o f  lohnsonburg , P e n n sy l­

v a n ia ,  was th e  p io n e e r  t e s t i n g  agency in  t h i s  cou n try . On 

th e  b a s i s  o f  t h e i r  e x te n s iv e  t e s t s ,  th ey  p u b l is h e d  a r e p o r t  

c o n ta in in g  recommended methods o f  t r e a t i n g  t r e e s ,  o rg a n iz in g  

t r e a t i n g  crews and p lan n in g  l a r g e  s c a le  o p e r a t io n s  (1 0 ) .

They advocated  th e  u se  o f  a w ate r  s o lu t io n  o f  sodium a r se n ­

i t e  a p p l ie d  to  g i r d l e d  t r e e s  by means o f  a p a i n t  b ru sh  and 

bucket o r  a ta n k - f e d  o u t f i t .  I t  was r e p o r te d  t h a t  a f i v e -  

man crew, c o n s is t in g  o f  a foreman, t h r e e  g i r d l e r s ,  and one 

p a i n t e r  could  t r e a t  enough t im b e r  to  produce about 100 co rds 

p e r  8 -h o u r  day. A season ing  p e r io d  o f  8 to  14 months was 

suggested  to  a id  in  th e  com pletion  o f  bark  s e p a ra t io n .  This 

p e r io d  was s a id  to be s u f f i c i e n t  to  e l im in a te  a lm ost a l l  

hand p e e l in g ;  most o f  th e  bark s lo ugh ing  o f f  e i t h e r  on th e  

s tan d in g  t r e e  o r  th rough  subsequent h a n d lin g .

In  1952 th e  Armstrong F o re s t  Company pu rchased  U. S. 

P a te n t  Ho. 2 ,324 ,968  o r i g i n a l l y  g ra n te d  to  A. R. White, cov­

e r in g  th e  u se  o f  chem ica ls  f o r  d e b a rk in g tr e e s ,  and made i t  

a v a i l a b l e  f o r  p u b l ic  u se  In  t h i s  country  (4 ) .

B ennett (11) d e sc r ib e d  o th e r  work u n d e r ta k en  by th e  

Armstrong F o re s t  Company and re p o r te d  some i n t e r e s t i n g  ob­

s e r v a t io n s .  I t  was n o te d  t h a t  a c le a n  g i r d l e  w ith  a b s o lu te ­

l y  no c u ts  made in to  th e  sapwood was th e  b e s t  method o f  p r e ­
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p a r in g  th e  t r e e s  f o r  t r e a tm e n t .  S coring  o r  c u t t i n g  in to  th e  

sapwood was reg a rd ed  as  p re v e n t in g  th e  upward t r a n s l o c a t i o n  

o f  th e  p o ison  and c a u s in g  green  s t r e a k s  in  th e  hark  above 

such i n c i s i o n s .  I t  was a lso  found t h a t  a lm ost a l l  hardwoods 

sp ro u ted  a f t e r  t r e a t i n g  w ith  sodium a r s e n i t e ,  th u s  in s u r in g  

r e g e n e ra t io n  o f  th e  s ta n d .  T ests  made w ith  th e  bark  o f  a r -  

* s e n i t e - t r e a te d  t r e e s  in d ic a te d  t h a t  th e  po ison  d id  not-.Ef­

f e c t  th e  u se  o f  th e  bark  f o r  ta n n in  e x t r a c t io n .

Among o th e r  ch em ica ls  t e s t e d  as  s u b s t i t u t e s  f o r  a r s e n ic ,  

Dow D e fo l ia n t  (Sodium m onoch lo roace ta te ) and v a r io u s  formu­

l a t i o n s  o f  2,4-D  and 2 , 4 , 5-T were t r i e d  by many in v e s t i g a ­

t o r s .  Cook and H am ilton  (19) and Wilcox (73) r e p o r te d  t h a t  

th e s e  c h o n ic a ls  were n o t  as e f f e c t i v e  as sodium a r s e n i t e  in  

f a c i l i t a t i n g  bark rem oval. Wilcox r e p o r te d  t h a t  Dow D e fo li­

an t  a p p l ie d  to  g i r d l e d  t r e e s  in  ru b b e r  r e s e r v o i r s  produced 

p e e l in g  comparable to  a r s e n ic  bu t when a p p l ie d  by th e  con­

v e n t io n a l  b ru sh  method gave very  poor r e s u l t s .  He a lso  ob­

se rv ed  t h a t  2 ,4-D  and 2 , 4 , 5-T a p p l ie d  to  g i r d l e s  i n  ru b b e r  

r e s e r v o i r s  were l e s s  e f f e c t i v e  th an  Dow D e f o l ia n t .

Cook and H am ilton  (19) ag reed  w ith  B ennett t h a t  s co r in g  

o f  th e  sapwood r e ta r d e d  th e  upward f low  o f  th e  chem ica ls . 

Wilcox (7 3 ) , however, found no d i f f e r e n c e  e x i s t e d  between

sco red  and unsco red  t r e e s  as to  p e e l a b i l i t y . ,
/

Arend (5) worked w ith  2,4-D , 2 , 4 , 5-T and "Animate" in  

M ichigan. He t e s t e d  th e  th r e e  chem ica ls  on aspen, re d
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m aple, w h ite  oak, and n o r th e r n  p in  oak. H is  r e s u l t s  showed 

t h a t  none Gf th e  chem ica ls  was e f f e c t i v e  on any o f  th e  s p e c ie s  

except red  m aple . The ha rk  o f  re d  maple cou ld  he s t r i p p e d  

o f f  a t  th e  end o f  th e  second growing season  h u t  th e  hark  o f  

a l l  th e  o th e r s  rem ained t i g h t .  The "Animate” c r y s t a l s  were 

a p p l ie d  in  n o tch es  spaced  every 4 to  6 in ch es  around th e  

hase  o f  th e  t r e e .  E s t e r s  o f  2 ,4-D  and 2 , 4 , 5-T were a p p l ie d  

as b a sa l  sp ray s  in  a c o n c e n tra t io n  o f  8 pounds a .  h . g . in  

d ie s e l  o i l .  T rees  were sp rayed  from th e  ground to  h e ig h t s  

o f  2 o r  4 f e e t  above ground. T reatm ents were a p p l ie d  during  

th e  dormant season , s p r in g ,  s a p -p e e l in g  season  ( a f t e r  f u l l  

l e a f  development) , and in  th e  f a l l .

Day e t  a l .  (23) a lso  in v e s t ig a te d  th e  u se  o f  2 ,4-D  and

2 , 4 , 5-T in  M ichigan . T reatm ents  were made on t re m b lin g  a s ­

pen and l a r g e  to o th  aspen . Water and d i e s e l  o i l  were u sed  

as c a r r i e r s  and t r e a tm e n ts  in c lu d ed  b a s a l  sp ray in g , f r i l l  

g i r d l e  p lu s  chem ical, and p e e le d  g i r d l e  p lu s  chem ica l. A ll  

t e s t s  u s in g  w a te r  so lu t io n s^ p ro d u eed  n e g a t iv e  r e s u l t s .  I t  

was concluded t h a t  th e  waxy bark  o f  aspen allow ed o n ly  a 

(iuall amount o f  s o lu t io n  to  he absorbed, o r  t h a t  th e  s o lu ­

t i o n  was washed o f f  b e fo re  th e  chem ical could  be ta k e n  in to  

th e  sap stream .

D iese l o i l  used  a lo n e  produced n e g a t iv e  r e s u l t s .  The 

amine s a l t s  and an e s t e r  o f  2 ,4-D , as w ell a s  an e s t e r  o f

*Acid e q u iv a le n t  p e r  100 g a l lo n s  o f  s o lu t io n .
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2 , 4 , 5-T, in  d i e s e l  o i l  (8 pounds a . h . g . )  produced v a r i a b l e  

r e s u l t s .  The e s t e r  o f  2 , 4 , 5-T was ob served  to  be t h e  b e s t ,  

fo llow ed  by an e s t e r  o f  2 ,4 -D  w h ile  th e  amine s a l t  o f  2 ,4-D  

produced i n c o n s i s t e n t  r e s u l t s .  Stem sp ra y in g  was r e p o r te d  

to  be more e f f e c t i v e  th a n  g i r d l i n g  fo llo w ed  by s p ra y in g .  No 

bark  lo o se n in g  was o b se rv ed  in  t r e e s  t h a t  d ied  du ring  th e  

f i r s t  growing season , b u t  pulpwood s t i c k s  cu t from th e s e  

t r e e s  th e  fo l lo w in g  November appeared  to  p e e l  more e a s i l y  

than  u n t r e a te d  t r e e s  c u t  a t  th e  same tim e .

I n v e s t ig a t io n s  conducted by th e  S t a t e  U n iv e r s i ty  o f  New 

York, C ollege o f  F o re s t ry ,  were d e sc r ib ed  by Jahn (4 1 ) .

These experim ents  were perform ed on hardwoods and softwoods 

u s in g  sodium a r s e n i t e  a p p l ie d  to  a p ee le d  g i r d l e .  I t  was 

observed  t h a t  th e  b e s t  r e s u l t s  were o b ta in e d  when th e  t r e e s  

were t r e a t e d  in  June, a lth o u g h  th e  t re a tm e n t  appeared  to  be 

e f f e c t i v e  a t  any tim e du rin g  th e  s a p -p e e l in g  season . T re a t­

m ents a p p lie d  b e fo re  and a f t e r  th e  s a p -p e e l in g  season  gave 

poor r e s u l t s .  Dominant and co-dom inant t r e e s  o f  good v ig o r  

responded somewhat b e t t e r  th an  t r e e s  o f  o th e r  c la s s e s  and o f  

poor v ig o r .  T rees between 8 and 17 in ch es  d iam ete r  a t  b r e a s t  

h e ig h t  a l l  gave good r e s u l t s ,  w h i le  th o se  above and below 

t h a t  l i m i t  sometimes gave p o o re r  r e s u l t s .

By means o f  r a d i o - a c t i v e  a r s e n ic ,  i t  was determ ined  

t h a t  th e  chem ical l e f t  th e  un sco red , g i r d le d  a re a s  v e ry  ra p ­

i d ly .  A pproxim ately 95 p e rc e n t  o f  th e  a r s e n ic  was gone a t
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th e  end o f  48 h o u rs  when a p p l ie d  to  spruce* The movement 

away from th e  g i r d l e  was s low er and more g ra d u a l  when th e  

g i r d l e  had been sco re d . However, i t  was observ ed  t h a t  s c o r­

in g  had no e f f e c t  on th e  p e e l in g  c h a r a c t e r i s t i c s  o f  th e  

bark ; t r e a t e d  t r e e s  w ith  sco red  g i r d l e s  p e e le d  j u s t  as  e a s i­

l y  as  th o se  which were unsco red .

I t  was concluded t h a t  because th e  ch an ica l  does le a v e  

th e  g i r d l e d  fa c e  so r a p id ly ,  th e  damage to  w i l d l i f e  should  

be a t  a  minimum.

I t  was recommended t h a t  c o n i f e r s  be a llow ed to  s ta n d  

f o r  th r e e  months a f t e r  t re a tm e n t  and (hardwoods n o t  be f e l l e d  

u n t i l  a f t e r  f r e e z in g  and thaw ing had tak en  p la c e .  These pe­

r io d s  were determ ined  to  be s u f f i c i e n t  to  g iv e  good bark  

p e e l in g .

S a r le s  (60) r e p o r te d  t h a t  sodium a r s e n i t e  a p p l ie d  to  

g i r d le d  w h ite  p in e  as  l a t e  as September 24 gave e x c e l l e n t  

r e s u l t s  in  lo o se n in g  th e  b a rk .  O ne-ha lf  g a l lo n  o f  th e  chem­

i c a l  was a p p l ie d  to  58 g i r d l e d  t r e e s  by means o f  a p a in t  

b ru sh .  T w enty-th ree  o f  th e  t r e e s  were f e l l e d  th e  f i r s t  week 

o f  November and a l l  p e e le d  s a t i s f a c t o r i l y .  The o th e r  35

were cu t  by th e  end o f  th e  fo l lo w in g  January  and th e y  too

p e e le d  very  w ell;  th e  bark was r e p o r te d  to  have come o f f  in

lo n g ,  l a r g e  p ie c e s .
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E* The P e r i o d i c l t y  o f  Secondary Growth and th e  R e la te d  

Changes 0 c c u r r in g  in  th e  Cambium and A d jacen t T is su e s

o f  Woody P l a n t s

The e x a c t  manner i n  which chem ica ls  f a c i l i t a t e  bark  

lo o s e n in g  h a s  n o t  been in v e s t i g a t e d  to  any g r e a t  e x te n t .  

Numerous t h e o r i e s  on th e  m echanics o f  chem ical bark  lo o s e n ­

in g  have been p re s e n te d ,  based  on th e  c o n d i t io n  o f  th e  cam- 

b i a l  re g io n  d u ring  th e  norm al s a p -p e e l in g  season . There­

f o r e ,  i t  was th o u g h t  t h a t  a b r i e f  summary o f  th e s e  t h e o r i e s ,  

and a rev iew  o f  some o f  th e  more p e r t i n e n t  s tu d ie s  conducted 

on th e  cambium and a d ja c e n t  t i s s u e s  du ring  d i f f e r e n t  seasons 

o f  th e  y e a r ,  would be a p p r o p r ia te  b e fo re  d e s c r ib in g  th e  e f ­

f e c t s  o f  ch em ica ls  on p l a n t  t i s s u e s .

A lthough th e  t h e o r i e s  advanced by v a r io u s  i n v e s t i g a t o r s  

concern ing  chem ical d eb a rk ing  o f  t r e e s  v a ry  a s  to  d e t a i l ,  

most ag ree  on c e r t a i n  fun dam en ta ls . They s t a t e  t h a t  during  

th e  s a p -p e e l in g  sea so n , t h e  cam bial re g io n  p o s s e s s e s  ex­

t re m e ly  th in  w a l l s  which r e p r e s e n t  a p la n e  o f  weakness, a l ­

low ing th e  bark  to  be p e e le d  r e a d i l y .  At th e  c lo s e  o f  th e  

s a p -p e e l in g  season , t h e  w a l ls  become r e l a t i v e l y  th ic k  and 

th e  re g io n  o f  c l e a v a b i l i t y  d is a p p e a r s .  They f u r t h e r  reason  

t h a t  i f  a t r e e  can be k i l l e d  q u ic k ly  during  th e  s a p -p e e l in g  

seaso n , so t h a t  th e  cam bial re g io n  i s  f ix e d  i n  a th in -w a l le d  

c o n d i t io n ,  i t  shou ld  be p o s s ib l e  to  p e e l  o f f  th e  bark long  

a f t e r  th e  normal s a p -p e e l in g  season has te rm in a te d  (27,33,4-1, 

49 ,71) .
/
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The i n i t i a t i o n  o f  cam bial a c t i v i t y  i n  th e  sp r in g  has  

been s tu d ie d  by many i n v e s t i g a t o r s ,  who have observed  t h a t  

i t  s t a r t s  in  th e  a p ic a l  p o r t io n s  o f  t h e  tw igs  and sp rea d s  

b a s i p e t a l l y  th rough th e  t ru n k  to  th e  r o o t s .  I t  h as  been 

ag reed  by many o b s e rv e r s  t h a t  th e  s t im u lu s  f o r  t h i s  i n i t i a ­

t i o n  i s  p ro b ab ly  a growth hormone ‘which o r i g i n a t e s  in  th e  

te rm in a l  p o r t i o n s  o f  th e  b ran ch es  when th e  buds s t a r t  to  

sw e ll  i n  th e  s p r in g .

Brown (14) n o te d  t h a t  c e l l  d iv i s io n  began, in  th e  upper 

p o r t i o n s  o f  th e  t ru n k s  o f  w h ite  p in e  b e fo re  i t  began in  th e  

lo w er p o r t i o n s .  Sw arbrick  (66) o b se rved  a sw e ll in g  o f  th e  

cam bial re g io n  a t  th e  same tim e t h a t  th e  buds were beg inn ing  

to  in c r e a s e  i n  s i z e .  L ikew ise , he found t h a t  xylern d i f f e r ­

e n t i a t i o n  began in  th e  te rm in a l  re g io n s  o f  a l l  shoo ts  and 

sp read  downwards tow ards th e  r o o t s .  P r i e s t l e y  (58) r e p o r te d  

cam bial a c t i v i t y  as  be ing  i n i t i a t e d  in  t h e  develop ing  buds; 

Brown (13) and Esau (50) observed  i t  s t a r t i n g  j u s t  below th e  

f o l i a r  buds. They a l l  r e p o r te d  a b a s ip e ta l  sp rea d  o f  a c t i v ­

i t y .  Most o f  th e s e  i n v e s t i g a t o r s  a lso  n o t ic e d  t h a t  c e ssa ­

t i o n  o f  a c t i v i t y  in  t h e  f a l l  was i n  e x a c t ly  th e  same o rd e r  

as i n i t i a t i o n  i n  th e  s p r in g .  A c t iv i ty  te rm in a te d  f i r s t  in  

th e  tw ig s  and sp rea d  downward through th e  t ru n k  w ith  th e  

r o o t s  be ing  th e  l a s t  p a r t  o f  th e  p l a n t  to  go in to  a dormant 

c o n d i t io n  (1 3 ,1 4 ,5 8 ,6 6 ) .  According to  Esau (30) th e  xylem 

c e l l s  observed  in  V i t i s  had t h i c k ,  l i g n i f i e d  w a l ls ,  w h ile
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th e  cambium and a d ja c e n t  phloem cou ld  n o t  be d i s t in g u is h e d  

on th e  b a s i s  o f  w a l l  th ic k n e s s .  She r e p o r te d  b o th  cambium 

and phloem m other c e l l s  as  hav ing  th i c k ,  u h l i g n i f i e d  w a l l s .  

Brown (14) observed  t h a t  an i n i t i a t i n g  l a y e r  cou ld  n o t  be 

i d e n t i f i e d  in  w h ite  p in e  because  th e  m e r is te m a t ic  c e l l s  on 

bo th  s id e s  had th e  same s i z e ,  form, and p ro to p la sm ic  con­

t e n t s  as th e  t r u e  cambium. The cam bial re g io n  h as-b een  ob­

se rv e d  to  be 7 to  10 c e l l s  wide in  th e  stem o f  w h ite  p in e  

(14) and 4 to  6 c e l l s  wide i n  th e  branches o f  app le  t r e e s  

(6 6 ) .  I n  many s p e c ie s  t h i s  re g io n  a p p a re n t ly  c o n ta in s  un­

d i f f e r e n t i a t e d  xylem and phloem c e l l s  as w ell as i n i t i a t i n g  

cam bial c e l l s  (1 4 ,4 3 ) .

The f i r s t  i n d i c a t i o n  o f  s p r in g  a c t i v i t y  i s  a sw e lling  

o f  th e  cambial c e l l s  in  a r a d i a l  d i r e c t i o n .  The c e l l s ,  a t  

t h i s  t im e , may become alm ost double t h e i r  dormant w id th  (14). 

T h is  sw e ll in g  h as  been re p o r te d  to  occu r s e v e ra l  weeks be­

f o r e  a c tu a l  c e l l  d iv i s io n  ta k e s  p la c e  (1 4 ,3 0 ,4 3 ,6 6 ) .  The 

r a d i a l  w a l l s  become v e ry  th in  du rin g  th e  sw e l l in g  phase , es­

p e c i a l l y  In  th o s e  re g io n s  where th e  new t a n g e n t i a l  w a lls  

w i l l  e v e n tu a l ly  be a t ta c h e d  (5 0 ) . C ell  c o n te n ts  change from 

a g e l - l i k e  s t a t e  to  a s o l - l i k e  s t a t e ,  becoming s e m i- f lu id  

and l e s s  d en se ly  g r a n u la r  (4 3 ,5 8 ,6 6 ) .

During th e  sw e ll in g  o f  th e  cambial re g io n  some u n d i f ­

f e r e n t i a t e d  xylan. and phloem c e l l s ,  from th e  p re v io u s  year»s  

grow th, s t a r t  to  d i f f e r e n t i a t e  (4 3 ) .  C ell d iv i s io n  beg ins
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s e v e r a l  weeks a f t e r  th e  cam bial re g io n  s t a r t s  to  sw e l l .  Xy- 

lern and phloem c e l l s  a p p a re n t ly  a r e  formed a t  abou t th e  same 

t im e  w ith  more xylem th an  phloem be ing  produced  (14,30) .

C e ll  fo rm a tio n  i s  v e ry  r a p id  a t  f i r s t  and th e  cambium p ro ­

duces c e l l s  f a s t e r  th a n  th ey  can d i f f e r e n t i a t e ,  causing  a 

r a t h e r  wide band o f  u n d i f f e r e n t i a t e d  c e l l s  w ith  t h i n  w a l ls  

on bo th  s id e s  o f  th e  i n i t i a t i n g  l a y e r  (1 4 ,6 6 ,7 2 ) .

Towards th e  end o f  th e  growing seaso n , cambial a c t i v i t y  

slows down and e v e n tu a l ly  te rm in a te s .  Brown (14) observed  

t h a t  xylem fo rm a tio n  in  w h ite  p in e  had ceased  by September 

26. Ladefoged (43) r e p o r t e d  t h a t  c e s s a t io n  o f  wood forma­

t i o n  v a r ie d  g r e a t ly  among d i f f e r e n t  s p e c ie s ,  some form ing 

WDod u n t i l  September, b u t many form ing very  l i t t l e  o r  none 

a f t e r  J u ly .

M a tu ra t io n  o f  p r e v io u s ly  formed c e l l s  co n tin u es  f o r  

about a month a f t e r  cam bial d iv i s io n  ce ases  (7 2 ) .  E v en tu a l­

l y  o n ly  a  few c e l l s  on e i t h e r  s id e  o f  th e  i n i t i a t i n g  l a y e r  

rem ain  u n d i f f e r e n t i a t e d .  As th e  t r e e  goes in to  th e  dormant 

c o n d i t io n ,  th e  w a l l s  o f  t h i s  l a y e r  o f  cam bial i n i t i a l s  and 

u n d i f f e r e n t i a t e d  c e l l s  become f irm  and r e l a t i v e l y  th i c k  (30, 

43) .

The r e l a t i o n  between cambial a c t i v i t y  and th e  s l ip p in g  

o f  bark  in  th e  s p r in g  has  been r e p o r te d  by many i n v e s t i g a ­

t o r s  (1 6 ,3 0 ,5 8 ,7 2 ) .  Both cambial a c t i v i t y  and bark  s l ip p in g  

o cc u r  w ith  a r i s e  in  te m p e ra tu re .  Wilcox (7 2) determ ined
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t h a t  bark  s l ip p in g  o c c u r re d  on th e  t ru n k s  o f  e ig h t  s p e c ie s ,  

i n  New York S ta t e ,  a f t e r  th e  mean weekly tem p e ra tu re  had 

passed  40 deg rees  F a h re n h e i t .  This bark  s l ip p a g e  p receded  

a c tu a l  c e l l  d iv i s io n  by about one month. He a ls o  re p o r te d  

t h a t  p e e l in g  r e s i s t a n c e  was a t  a minimum du ring  th e  p e r io d  

o f  g r e a t e s t  cam bial c e l l  d iv i s io n .  He concluded from t h i s ,  

t h a t  a l th o u g h  cam bial d iv i s io n  was n o t  a  req u irem en t f o r  

p e e l in g ,  i t  d id  h e lp  m a t e r i a l l y .  P e e l in g  was observed  to 

co n tin u e  f o r  abou t one month a f t e r  c e l l  d iv i s io n  had stopped  

bu t w ith  a g ra d u a l  in c r e a s e  i n  r e s i s t a n c e .  Esau (30) ob­

se rv in g  th e  th in - w a l le d  c o n d i t io n  o f  th e  cambium b e fo re  and 

during  c e l l  d iv i s io n  concluded as fo l lo w s :

The obv ious r e s u l t  o f  t h i s  weakness o f  th e  r a d i a l  w a l ls ,  
d u r in g  th e  e a r l i e r  and l a t e r  s ta g e s  o f  cam bial a c t i v i t y ,  
i s  th e  s l ip p in g  o f  th e  stem bark  t h a t  i s  e a s i l y  induced 
by m echan ical means when s p r in g  growth b e g in s .

According to  Wilcox (72) , a t  th e  c lo s e  o f  t h e  growing 

season  th e  cam bial c e l l s  ha rden  in to  th e  dormant c o n d i t io n ,  

and th e  cambium becomes r e s i s t a n t  to  r u p tu r in g .  As a  r e ­

s u l t  th e  r e s i s t a n c e  o f  th e  t r e e  to  p e e l in g  in c r e a s e s .

Va-Pious R esponses o f  Some P l a n t s  When T re a ted

With Chemicals

Some o f  th e  f i r s t  th in g s  n o ted  about th e  2,4-D  com­

pounds were th e  s e l e c t i v i t y  o f  th e  ch o n ica l f o r  d i f f e r e n t  

s p e c ie s  o f  p l a n t s ,  and th e  v a r i a t i o n  in  ty p es  o f  response
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b ro u g h t about i n  d i f f e r e n t  p l a n t s  and d i f f e r e n t  p a r t s  o f  t h e  

same p l a n t .  Hamner and Tukey (35) o bse rved  t h a t  in  some 

p l a n t s  th e  growing t i p s  were k i l l e d  w h ile  i n  o th e r  p l a n t s  

th e y  were m ere ly  a r r e s t e d .  Some p l a n t s  showed a d i s t i n c t  

upward c u rv a tu re  o f  t h e  v a r io u s  o rg ans  (hyponasty) w h ile  

o th e r s  d'OnoniStrated a downward c u rv a tu re  ( e p in as ty )  . Some 

stem s were found to  s t i f f e n  and s p l i t  whereas some u n d er­

ground p a r t s  assumed a t y p i c a l  w a te r-so ak ed  app earan ce . Va­

r io u s  t i s s u e s  o f t e n  showed a tendency  tow ards p r o l i f e r a t i o n ^  

The t r a n s l o c a t i o n  o f  2 ,4-D  in  p l a n t s  h as  been i n v e s t i ­

gated  by many w orkers . D h illo n  and Lucas (24) observed  t h a t

2 ,4 -D  a p p l ie d  to  th e  s o i l  was absorbed  by th e  r o o t s  and 

t r a n s lo c a te d  upwards, p ro b a b ly  by th e  xylean. When th e  chem­

i c a l  was a p p l ie d  to  t h e  le a v e s ,  t r a n s l o c a t i o n  was downward 

and was though t to  ta k e  p la c e  in  th e  phloem o r  o th e r  l i v i n g  

t i s s u e s ,  w ith  some p o s s ib ly  moving through xylem c e l l s .  The 

chem ical was found in  v a r io u s  o rgans o f  th e  tomato p la n t  26 

days a f t e r  b e in g  a p p l ie d  to  d e c a p i ta te d  stem s.

M i tc h e l l  and Brown (51) found t h a t  when 2,4-D  was ap­

p l i e d  to  th e  le a v e s  o f  bean p l a n t s ,  t r a n s lo c a t io n  o f  th e  

chem ical was c lo s e ly  a s s o c ia te d  w ith  th e  t r a n s l o c a t i o n  o f  

food m a t e r i a l s  and was confined  to  l i v i n g  c e l l s .  Mien the  

a c id  was a p p l ie d  to  t h e  r o o t s ,  i t  was found to  move through 

th e  n o n - l iv in g  c e l l s  o f  th e  stem. S u n l ig h t  appeared  to  h a s ­

te n  th e  t r a n s l o c a t i o n  o f  th e  s t im u lu s .  We aver and De Hose
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(70) a lso  found a r e l a t i o n s h i p  between th e  movement o f  th e  

chem ical and th e  movement o f  sy n th e s iz e d  c a rb o h y d ra te s .

There were i n d i c a t i o n s  t h a t  more u l t im a te  damage r e s u l t e d  

w ith  ve ry  r a p id  t r a n s l o c a t i o n .

According to  Tukey e t  a l .  (67) th e  le a v e s  o f  bindweed 

yellow ed  w i th in  f i v e  days a f t e r  th e  a p p l i c a t io n  o f  2 , 4-D.

They observed  t h a t  seven days a f t e r  t r e a t i n g ,  th e  c e l l s  o f  

th e  u p p er  and low er p a l i s a d e  l a y e r s ,  and th e  m esophyll had 

l o s t  t h e i r  dense c o n te n ts  and had become c o n t r a c te d ,  narrow , 

and i r r e g u l a r  i n  shape* The re sp onse  o f  th e  stem was v a r ie d ;  

cambium and phloem, 'when observed  seven days a f t e r  t r e a t i n g ,  

appeared  to  be g r e a t l y  s t im u la te d .  The phloem was re p o r te d  

as hav ing  a 66 p e r c e n t  in c r e a s e  in  w id th  in  th e  r a d i a l  d i r e c ­

t i o n ,  and th e  cambium as being  doubled in  r a d i a l  w id th .

There was l i t t l e  o r  no re sp o n se  no ted  in  th e  xylom.

Watson (68,69) r e p o r t e d  t h a t  when v e ry  young bean p la n ts  

and v e lv e t  ben t g r a s s  p l a n t s  were s u b je c te d  to  2,4-D t r e a t ­

m ents, th e  immature, deve lop ing  le a v e s  became f i l l e d  w ith  

f,r e p l  a cement t i s s u e . "  This t i s s u e  had th ic k e r - w a l le d  c e l l s  

th an  were norm ally  found in  th e  p a l i s a d e  l a y e r  o r  spongy 

m esophyll; th e  c h lo r o p la s t s  were e i t h e r  ab sen t  o r  a b o r t iv e  

and th e  c e l l s  had assumed odd shapes, n o t  a t  a l l  resem bling

normal t i s s u e .  I t  was found t h a t  c e l l s  which had a l re a d y
*

d i f f e r e n t i a t e d  in to  p a l i s a d e  o r  m esophyll c e l l s  d id  n o t  r e ­

v e r t  to  ’’rep lacem en t t i s s u e "  b u t  th o s e  c e l l s  which had no t
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developed p r i o r  to  th e  a p p l i c a t io n  o f  t h e  a c id  d id .  S im ila r  

t i s s u e  was r e p o r te d  by Earnes (25) i n  n u t  g r a s s .  B esides an 

in c re a s e d  th ic k n e s s  in  th e  l e a f  b la d e ,  caused by " r e p la c e ­

ment t i s s u e , "  he  o b se rv e d  a  p r o l i f e r a t i o n  and s p l i t t i n g  o f  

th e  o u te r  t i s s u e s  o f  th e  eorm.

Hamner and Tukey (36) observ ed  th e  e f f e c t s  o f  2 ,4-D  on 

s e v e ra l  sh ru b s ,  v in e s ,  and t r e e s  and found a v a r i e ty  o f  r e ­

sponses to  th e  chem ical among th e  d i f f e r e n t  p l a n t s .  They 

r e p o r te d  t h a t  warmer w ea ther  appeared  to  a id  t h e  chem ical in  

i t s  to x ic  e f f e c t s .  P l a n t s  t r e a t e d  when th e  tem p era tu re  was 

81 degrees  F a h re n h e i t  were in ju r e d  much more q u ick ly  th a n  

th o se  t r e a t e d  when th e  te m p e ra tu re  was 55 d eg rees .  They ob­

served  t h a t  th e  bark  o f  a 40 -fo o t  p o p la r  t r e e ,  which had 

been t r e a t e d  by ap p ly ing  a s a lv e  o f  2,4-D to  h a tc h e t  c u ts  in  

th e  t ru n k ,  began s p l i t t i n g  above th e  p o in t  o f  a p p l i c a t io n  

one month a f t e r  t r e a t i n g .  They f u r t h e r  n o ted  t h a t  th e  s p l i t ­

t i n g  was caused by a p r o l i f e r a t i o n  in  th e  re g io n  o u t s id e  th e  

cambium. This r e g io n  developed a fo rm a tio n  o f  s o f t ,  spongy, 

new t i s s u e  f i v e - e i g h th s  o f  an in c h  t h i c k .  Peach t r e e s  

t r e a t e d  i n  a  s i m i l a r  manner developed sm all,  d is c o lo re d  

sp o ts  on th e  l im b s , from which gum exuded f r e e l y .  This exu­

d a t io n  was thou gh t to  be caused by an in c re a se d  a c t i v i t y  o f  

th e  c e l l s  o u t s id e  th e  cambium, vdiich caused a f low  o f  gum.

I t  was n o ted  t h a t  t r e e s  i n  shaded a re a s  responded much more 

slow ly  th a n  t r e e s  i n  d i r e c t  s u n l ig h t .
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According to  Arend (5) th e  t ru n k s  o f  oak t r e e s  c racked  

and ru p tu re d ,  form ing c a l l u s - l i k e  grow ths due to  th e  hormone 

a c t io n  o f  2 ,4 ,5 -T .  However, th e  h a rk ,  in  g e n e ra l ,  remained 

t i g h t .

E h rh a rd t (27) working w ith  sodium a r s e n i t e  r e p o r te d  t h a t  

th e  le n g th  o f  tim e e la p s in g  between t r e a tm e n t  and th e  f i r s t  

e f f e c t s  on th e  t r e e ,  v a r i e d  g r e a t ly  among d i f f e r e n t  s p e c ie s .  

He n o ted  t h a t  w ith  t h e  w ith e r in g  o f  th e  f o l i a g e ,  th e  bark  

became t i g h t ,  r e g a r d l e s s  o f  t h e  normal c o n d i t io n s  a t  th e  

t im e , and rem ained t h a t  way f o r  v a ry in g  p e r io d s  o f  t im e , de­

pending  on th e  s p e c ie s .  Oake and eve rg reen s  showed bark  

s e p a ra t io n  by th e  end o f  th e  f i r s t  growing season , bu t bark 

on many o th e r  s p e c ie s  remained in  a t i g h t  c o n d i t io n  u n t i l  

th e  fo l lo w in g  s p r in g .

Anatom ical m o d i f ic a t io n s  o c c u rr in g  in  th e  Stems o f  red  

sp ru ce  and y e l lo w  b i r c h ,  which had been t r e a t e d  w ith  e i t h e r  

sodium a r s e n i t e  o r  sodium m o n o ch lo ro ace ta te ,  have been r e ­

p o r te d  by G iro lam i (3 1 ) .  H is  o b s e rv a t io n s  were based  on 

samples c o l l e c t e d  e ig h t  days a f t e r  t re a tm e n t  and taken  J u s t  

above th e  p o in t  o f  chem ical a p p l i c a t io n .  T reatm ents had 

been made b e fo re  th e  s a p -p e e l in g  season, du ring  th e  sap- 

p e e l in g ,  and a f t e r  th e  s a p -p e e l in g  season . H is  o b s e rv a t io n s  

made on b i r c h  sam ples which had been t r e a t e d  during  th e  sap- 

p e e l in g  season  were as  fo llo w s :

1 . The cambium o f  sodium a r s e n i t e  and sodium mono-
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c h l o r o a c e t a t e - t r e a t e d  sam ples had c o l la p s e d .

2. Most r e c e n t l y  fonned xylem c e l l s  o f  a r s e n i t e -  

t r e a t e d  samples had c o l la p s e d ,  caus in g  th e  forma­

t i o n  o f  l a r g e  lacu n a e  between th e  xylem and cam­

bium. The same e f f e c t s  were no ted  i n  th e  samples 

which had been t r e a t e d  w ith  sodium m onochloroace­

t a t e  b u t  damage was n o t  as e x te n s iv e .

3 . A p a r t i a l  c o l l a p s e  o f  immature phloem c e l l s  had 

taken  p la c e  i n  th e  a r s e n i t e - t r e a t e d  sam ples. Some 

d i s t o r t i o n  was e v id e n t  i n  th e  fu n c t io n in g  phloem. 

A ll  s ie v e  tu b e s  showed an e x c e ss iv e  d e p o s i t io n  o f  

c a l l u s  (which i s  u s u a l ly  co n s id e red  to  be a s ig n  o f  

d ec reased  f u n c t i o n ) . The r e s u l t s  were th e  same f o r  

th e  sam ples t r e a t e d  w ith  sodium mono ch lo ro  a c e ta te  

b u t  ag a in  were n o t  as pronounced.

Popp e t  a l .  (57) a lso  conducted ana tom ica l s tu d ie s  on 

a r s e n i t e - t r e a t e d  t r e e s .  T h e ir  r e p o r t  was co n fin ed  to th e  

r e s u l t s  o b ta in e d  on b lack  ch e rry  t r e e s .  T reatm ents were 

made d u ring  Ju ly  and samples c o l l e c t e d  s ix  days l a t e r  from 

th e  t ru n k .  They re p o r te d  t h a t  p a r t i a l l y  d i f f e r e n t i a t e d  

c e l l s  o f  th e  xylem, cambium, and phloem appeared  to  be p l a s -  

molyzed and showed c o l l a p s e .  The c o n te n ts  o f  th e  s ie v e  

tu b e s  o f  t r e a t e d  t r e e s  were observed  to  be more d a rk ly  

s t a in e d  th an  th e  c o n te n ts  o f  s ie v e  tu b es  from n o m a l  t r e e s .
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They i n t e r p r e t e d  t h i s  d a rken ing  as  "being caused by d iso rg an ­

i z a t i o n  o f  th e  s ie v e  tu b e  cy top lasm .



IV. EXPERIMENTAL PROCEDURE

L o c a tio n  and m arking o f  t r e e s . Most o f  th e  f i e l d  work 

f o r  t h i s  s tu d y  was c a r r i e d  ou t a t  th e  Dunbar E o re s t  E xp eri­

ment S t a t io n ,  S a u l t  S te .  M arie , M ichigan . A t o t a l  o f  361 

tre m b lin g  aspen , P opu lus  t rem u lo id es  M ichx ., were t r e a t e d  on 

t h i s  a r e a  during  th e  summer o f  1952. E i f t e e n  a d d i t io n a l  

t r e e s  were t r e a t e d  in  t h e  sp r in g  o f  1955 a t  th e  je n n iso n  

E o re s t ,  lo c a te d  about 14 m ile s  w est o f  L ansing , M ichigan.

Tree s i z e s  ranged from 4 to  12 in ch es  in  d iam ete r  a t  

b r e a s t  h e ig h t ,  th e  m a jo r i ty  b e ing  from 6 to  8 in c h e s .  M etal 

t a g s ,  b ea r in g  l e t t e r s  and numbers, f a s te n e d  w ith  z in c -c o a te d  

n a i l s ,  ivere u sed  to  i d e n t i f y  t r e e s  s e le c te d  f o r  t r e a t i n g .  

Each t r e e  was th en  b laze d  w ith  an axe to  f a c i l i t a t e  r e lo c a ­

t i o n .

Methods used  to  app ly  c h e m ic a ls . A ll chem ica ls  were 

a p p l ie d  to th e  stems o f  th e  t r e e s  by one o f  t h r e e  methods:

(1) a f r i l l  g i r d l e  fo llow ed  by sp ray ing  d i r e c t l y  in to  th e  

f r i l l ;  (2) a p e e le d  g i r d l e  fo llow ed  by sp ray ing  on th e  

p e e le d  su rfa c e ;  and (5) a b a sa l  sp ray  ap p lie d  d i r e c t l y  to  

th e  b a rk .

The f r i l l  g i r d l e  was formed by making a s e r i e s  o f  o v e r­

la p p in g  axe c u ts  around th e  e n t i r e  c ircum ference  o f  th e  

t r e e ,  ap p ro x im ate ly  18 in ch es  above th e  ground. The c u ts
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were made th rough  th e  bark  and in to  th e  sapwood f o r  a depth  

o f  about o n e - h a l f  in c h .  The axe-head  was p re s s e d  downward, 

while/ in  th e  t r e e ,  caus ing  t h e  bark  and cu t  p o r t io n  o f  th e  

sapwood to  be p r i e d  away, and form ing a crude r e s e r v o i r  

around th e  t r e e  stem. The chem ical s o lu t io n  was th e n  

sp rayed  in to  th e  f r i l l  u n t i l  th e  r e s e r v o i r  overflow ed , s a t ­

u r a t i n g  th e  low er p o r t io n  o f  th e  t r e e  t ru n k .

The p e e le d  g i r d l e  was made by removing a s t r i p  o f  bark , 

8 to  10 in c h e s  wide, from around th e  t r e e  t ru n k ,  w ith  t h e  

low er edge o f  th e  g i r d l e  about 18 in c h e s  from th e  ground.

In  making t h i s  g i r d l e ,  an axe and bark  spud were employed in  

such a manner t h a t  th e  sapwood was n o t  in ju r e d .  The chem­

i c a l  was th en  sp rayed  d i r e c t l y  on th e  p e e le d  a re a  u n t i l  th e  

s o lu t io n  ra n  down th e  low er p o r t io n  o f  th e  t ru n k .

The t h i r d  method o f  t r e a t i n g  was th e  b a s a l  sp ray  meth­

od. In  t h i s  ty p e  o f  t r e a tm e n t ,  th e  chemical was sprayed on 

th e  b a s a l  p o r t io n  o f  th e  t r e e  t ru n k  w ithou t any p rev io u s  

p r e p a r a t io n  hav ing  been made. The t r e e s  were sp rayed  from 

th e  ground to  a p o in t  approx im ate ly  30 inches  h ig h -,on th e  

t ru n k .  The bark  was s a tu r a te d  w ith  s o lu t io n ,  and sp ray ing  

was con tinued  u n t i l  th e  s o lu t io n  ra n  down th e  bark  and 

s t a r t e d  to  m o is ten  t h e  s o i l .

Hand s p ra y e rs ,  w ith  a c a p a c i ty  o f  2 g a l lo n s  each, were 

used to  ap p ly  th e  c h e m ica ls .  S e p a ra te ,  marked s p ra y e rs  were 

employed f o r  each chem ical to  p re v e n t  con tam in a tio n . The 

s o lu t io n s  were mixed in  th e  s p ra y e r s .
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The s o lu t io n s  were n o t  a p p l ie d  in  a c c u ra te ly  m easured 

amounts because i t  was d e s i r e d  to  approach a c tu a l  t r e a t i n g  

c o n d i t io n s ,  such as  m igh t be encoun te red  in  commercial p ra c ­

t i c e .  However, an e f f o r t  was made to  t r e a t  10 t r e e s  p e r  

g a l lo n  o f  s o lu t io n ,  r e g a r d l e s s  o f  t h e  ty p e  o f  t re a tm e n t  

which had been u sed .

M o d if ic a t io n s  o f  th e  t r e a t i n g  methods d e sc r ib e d  above 

were employed on two o c c a s io n s .  One group o f  t r e e s  was 

t r e a t e d  by p o u rin g  very  sm all q u a n t i t i e s  o f  a  sodium a rse n ­

i t e  s o lu t io n  in to  th e  f r i l l e d  g i r d l e s ,  which had been made 

in  th e  u s u a l  manner. A nother group o f  t r e e s  was t r e a t e d  

w ith  sodium mono ch lo ro  a c e ta t e ,  which had been sp rayed  in to

f r i l l  g i r d l e s  t h a t  ex tended on ly  h a l f  way around th e  s t e m . /
/

Chemical s o lu t io n s  u s e d . As s t a t e d  p re v io u s ly ,  th re e  

chem ica ls  were u sed  in  th e s e  experim en ts: p ro p y len e  g ly co l

b u ty l  e th e r  e s t e r  o f  2 ,4 -d ich lo ro p h e n o x y ace t ic  a c id  (2,4-D  

e s t e r ) , p ro p y len e  g ly c o l  b u ty l  e th e r  e s t e r  o f  2 , 4 , 5 - t r i -  

ch lo ro p h en o x y ace tic  a c id  (2 ,4 ,5 -T  e s t e r )  and sodium mono- 

c h lo r o a c e ta te .

Hie 2 ,4 -D  e s t e r  was always a p p l ie d  as an o i l  s o lu t io n ;  

number 2 d i e s e l  o i l  b e in g  used  as th e  c a r r i e r .  The 2 ,4 ,5 -T  

e s t e r  was a lso  u sed  as  a d ie s e l  o i l  s o lu t io n  in  every i n ­

s ta n c e  ex cep t one, i n  which i t  was a p p l ie d  as  a w ate r emul­

s io n .  These two chem ica ls  were u sed  in  d i f f e r e n t  co n cen tra ­

t io n s :  8 pounds a . h . g . ; 16 pounds a . h . g . ;  and 24 pounds
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a .  h .  g . ( a c id  e q u iv a le n t  p e r  100 g a l lo n s  o f  t r e a t i n g  so lu ­

t io n )  .

Sodium mono ch lo ro  a c e t a t e  was d is s o lv e d  in  w a te r  and 

u sed  in  s t r e n g th s  o f  app rox im ate ly  20 and 24 p e r c e n t ,  by 

w e igh t. One group o f  t r e e s  was t r e a t e d  w ith  an emulsion 

made up by d i s s o lv in g  sodium m ono ch lo ro ace ta te  in  o n e -h a l f  

w a te r  and o n e - h a l f  d i e s e l  o i l ;  th e  s t r e n g th  o f  t h i s  emulsion 

was app rox im ate ly  27 p e r c e n t ,  by w eigh t.

As a m a t te r  o f  c u r io s i t y ,  t h r e e  groups o f  t r e e s  were 

t r e a t e d  w ith  o th e r  chem ica ls  o r  com binations o f  chem icals: 

one group was t r e a t e d  w ith  a 5 p e rc e n t ,  by w e ig h t,  s o lu t io n  

o f  p en tac h lo ro p h en o l in  d i e s e l  o i l ;  a second group was 

t r e a t e d  w ith  a  s o l u t io n  c o n ta in in g  equal p a r t s  o f  a 5 p e r ­

c e n t ,  by w eigh t, p e n ta c h lo ro p h e n o l -d ie s e l  o i l  s o lu t io n ,  and 

an 8 pounds a . h . g . s o lu t io n  o f  2 ,4 ,5 -T  e s t e r  in  d ie s e l  o i l ;  

a t h i r d  group was t r e a t e d  w ith  a 20 p e rc e n t  s o lu t io n ,  by 

w e ig h t,  o f  sodium a r s e n i t e  in  w a t e r .y 7

T re a t in g  s c h e d u le . Trees were t r e a t e d  on seven d i f f e r ­

e n t  d a te s  a t  Dunbar; th e  e a r l i e s t  d a te  was Tune 4 and th e  

l a t e s t  August 11. The t r e e s ,  t r e a t e d  on each o f  th e s e  days, 

were co n s id e red  to  c o n s t i t u t e  a t r e a t i n g  s e r i e s ;  each s e r i e s  

was made up o f  a  v a ry in g  number o f  t r e e  groups; and each 

group averaged  10 t r e e s .  Each t r e e  group o f  a p a r t i c u l a r  

s e r i e s  r e p re s e n te d  a d i f f e r e n t  com bination o f  t r e a t i n g  meth­

od and chem ica l, acco rd in g  to  a p re v io u s ly  conceived p la n .
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One g a l lo n  o f  chem ical s o lu t io n  was made up f o r  each 

group, and a s  was s t a t e d  p r e v io u s ly ,  an e f f o r t  was made to  

t r e a t  10 t r e e s  w ith  i t .  However, when an u nusua l number o f  

l a r g e  t r e e s  o c c u rre d  w i th in  a group, i t  sometimes was n o t  

p o s s ib l e  to  t r e a t  10 t r e e s  p e r  g a l lo n  and th e  group th en  

co n ta in ed  a l e s s e r  number o f  t r e a t e d  t r e e s .  Groups seldom 

co n ta in ed  more th a n  10 t r e e s  because, i f  any s o lu t io n  was 

l e f t  o v e r  a f t e r  th e  t e n t h  t r e e  had been t r e a t e d ,  th e  group 

was u s u a l ly  sprayed  l i g h t l y  a second tim e to  u se  up th e  ex­

ce ss  s o lu t io n  in  th e  s p ra y e r .  Complete in fo rm a tio n  r e l a t i v e  

to  t r e a t i n g  m ethods and d a te s  o f  a p p l ic a t io n  f o r  each t r e e  

t r e a t e d  a t  Dunbar can be found in  Table I .

Three t r e a t i n g  d a te s  were employed du rin g  th e  sp r in g  o f  

1955 a t  th e  le n n is o n  F o re s t ;  th e  e a r l i e s t  was A p r i l  24 and 

th e  l a t e s t  May 15. Complete in fo rm a tio n  re g a rd in g  th e s e  

t r e a tm e n ts  can be found in  Table I I .

The chem ica ls  u sed  a t  Dunbar were a lso  employed a t  Jen - 

n i s o n .  The same c o n c e n t r a t io n s  and q u a n t i t i e s  were used ex­

c e p t  i n  two in s t a n c e s ,  viien r a t e s  o f  20 t r e e s  p e r  g a l lo n  and 

40 t r e e s  p e r  g a l lo n  were u sed . T re a t in g  methods Y^ere a lso  

th e  same, except t h a t  no p ee led  g i r d l e s  were u t i l i z e d .

A ll t r e a tm e n ts ,  a t  bo th  a r e a s ,  were made on c le a r  days 

and no r a i n  f e l l  f o r  a t  l e a s t  24 h ou rs  a f t e r  t r e a t i n g  except 

on two o c c a s io n s :  on August 11 a heavy r a in ,  o f  ap p ro x i­

m a te ly  3 ho u rs  d u ra t io n ,  f e l l  s h o r t ly  a f t e r  t r e a t i n g  was
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TABLE I

SCHEDULE OF TREATMENTS MADE AT DUNBAR DURING 1952

(S means b a s a l  sp ray , F means f r i l l e d  g i r d l e ,  
and P means p e e le d  g i r d l e . )

Tree numbers 
w ith in  group Chemical u sed S tre n g th Method

Number
t r e e s
p e r

group

June 4 t r e a tm e n ts

D1-D13 2 ,4 ,5 -T  e s t e r 8# a . h . g . a S 13b

June 24 t r e a tm e n ts

3X1-IK10 Sod. mono ch lo ro -
a c e ta t e 20$, w t. P 10

IK11-IK20 Sod. m onochloro-
a c e ta t e 20$, w t. F 10

IK21-IK25 Sod. mono c h lo ro -
a c e t a t e 20$, w t. S 5

IK26-IK55 2 ,4 ,5 -T  e s t e r 8# a .h .g . s 10
IK36-IK45 2 ,4 ,5 -T  e s t e r 8# a .h .g . F 10
RE46-EK55 2 ,4 ,5 -T  e s t e r 16# a .h .g . a 10
BK56-IK64 2,4-D  e s t e r 8# a .h .g . s 9

June 25 t r e a tm e n ts

EK66-EK74 P en tach lo ro p h en o l 5$, w t. s 9
IK75-IK85 P en tach lo ro p h  eno1

and 2 ,4 ,5 -T  e s t e r  8# a .h .g . s 11
1X8 6 - IK 91 NONE — F 6
LK92-EK95 NONE P 4

J u ly  3 t r e a tm e n ts

IX96-IK104 Sod. m onochloro-
a c e t a t e 20$, w t. P 9

IK105-BEC114 So d . mo no chlo ro -
a c e t a t e 20$, w t. F 10

IK115-IK1B4 2 ,4 ,5 -T  e s t e r 8# a .h .g . F 10
IK125-IK134 2 ,4 ,5 -T  e s t e r 8# a .h .g . S 10
3X13.5-. 1X144 2 ,4 ,5 -T  e s t e r 16# a .h .g . S 10
1X145-1X155 2,4-D  e s t e r 8# a . h . g . s 9
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Number
Tree numbers t r e e s
w ith in  group Chemical u sed S tre n g th Method p e r

group

J u ly  9 t re a tm e n ts ----- -

UEL-miO Sod. monochloro-
a c e t a t e 27%, w t. S 10°

IH11-EH19 Sod. mono ch lo ro  -
a c e t a t e 20%, w t. F 9

DH20-IH29 Sod. m onochloro-
a c e t a t e 20%, wt. P 10

DH30-DH39 2,4fD  e s t e r 8# a . h . g . S 10
IH40-EH49 2,4-D  e s t e r 16# a .h .g . S. 10
DH50-IH59 2 ,4 ,5 -T  e s t e r 8# a . h . g . s 10
IH60-IH69 2 ,4 ,5 -T  e s t e r 16# a .h .g . s 10
LH70-IH79 2 ,4 ,5 -T  e s t e r 8# a .h .g . 3? 10

J u ly  15 t re a tm e n ts
IH120-IH129 2,4-D  e s t e r 8# a . h . g . s 10
IH130-IH139 2,4-rD e s t e r 8# a . h . g . F 10
IH140-IH149 2,4-D  e s t e r 16# a .h .g . S 10
IH150-IH159 2 ,4 ,5 -T  e s t e r 8# a .h .g . s 10
3E160-IH169 2 ,4 ,5 -T  e s t e r 8# a .h .g . F 10
EH170-EH179 2 ,4 ,5 -T  e s t e r 16# a .h .g . S 10
3H180-EH189 2 ,4 ,5 -T  e s t e r 24# a .h .g . s 1 0 xrHl90-IH196 2 ,4 ,5 -T  e s t e r 8# a . h . g . p 7d

August 11 t re a tm e n ts
DJ5-DJ9 Sod. a r s e n i t e F 5e
DJ10-DJ14 Sod. monochloro-

a c e t a t e 24%, w t . F 5f
DJ15-DJ24 Sod. monochloro-

a c e t a t e 24%, wt. F 10
DJ25-DJ34 2 ,4 ,5 -T  e s t e r 8# a . h . g . S 10
DJ35-DJ44 2,4-D  e s t e r 8# a .h .g . s 10

a Acid e q u iv a le n t  p e r  100 g a l lo n s  o f  t r e a t i n g  s o lu t io n .  
^ One g a l lo n  o f  s o lu t io n  p e r  t r e e  group u n le s s  o th e r ­

w ise  s p e c i f i e d .
0 C a r r ie r  was h a l f  w a te r  and h a l f  d i e s e l  o i l .
^ C a r r ie r  was w a te r .
e About o n e -e ig h th  p i n t  p e r  t r e e ;  poured in to  f r i l l .
^ O n e -h a lf  g a l lo n  u sed ; t r e e s  f r i l l e d  h a l f  way around

stem .
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TABLE I I

SCHEDULE OF ‘TREATMENTS MADE AT JMNISON DURING 1953

(S means b a s a l  sp ray  and F means f r i l l e d  g i r d l e . )

Tree numbers 
w ith in  group Chemical u sed  S t re n g th  Method

Humber
t r e e s

p e r
group

A p ril  34 t re a tm e n ts

J95-J96 Sod. m onochloro-
a c e t a t e  20$, w t. F 2a

J97-J98 2,4-D  e s t e r  8# a . h . g . 13 S 2
199-1100 2 ,4 ,5 -T  e s t e r  8# a . h . g .  S 2

May 8 t re a tm e n ts

180 2,4-D  e s t e r  8# a .h .g .  S 1
JS1 2 ,4 ,5 -T  e s t e r  8# a .h .g .  S 1
J82 Sod. monochioro-

a c e t a t e  20$, w t. F 1

May 15 t re a tm e n ts

170 & J7 2 Sod. monochloro-
a c e t a t e  20$, w t. F 2°

173 & 174 Sod. monochloro-
a c e t a t e  20$, w t. F 2d

171 & 175 Sod. m onochloro-
a c e t a t e  20$, w t. F 2

a S o lu tio n  a p p l ie d  a t  th e  r a t e  o f  10 t r e e s / g a l l o n ,  un­
l e s s  s p e c i f i e d  o th e rw is e .

Acid e q u iv a le n t  p e r  100 g a l lo n s  o f  t r e a t i n g  s o lu t io n .
0 S o lu t io n  a p p l ie d  a t  th e  r a t e  o f  40 t r e e s / g a l l o n .
d S o lu t io n  a p p l ie d  a t  th e  r a t e  o f  30 t r e e s / g a l l o n .
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com pleted; on A p r i l  24 a heavy r a i n  f e l l  a t  n i g h t ,  s t a r t i n g  

abou t 6 hours  a f t e r  t r e a t i n g .

The t r e a tm e n ts  a t  Dunbar were made du ring  a r a t h e r  

heavy i n f e s t a t i o n  o f  th e  F o re s t  Tent C a t e r p i l l a r ,  Malacosoma 

d is  s t r i a  Hu bn . Some o f  th e  t r e e s  were p a r t i a l l y  d e f o l i a t e d  

a t  th e  tim e o f  t r e a tm e n t ;  o th e r s  were g e t t i n g  a second s e t  

o f  le a v e s  which was n o t  f u l l y  developed.

The A p r i l  24 t r e a tm e n ts  a t  Jenn ison  were made b e fo re  

bud break; th e  May 8 t r e a tm e n ts  were made when th e  t r e e s

were b eg inn ing  to  l e a f  o u t ,  and th e  May 15 t re a tm e n ts  made
/

when th e  le a v e s  were about t h r e e - q u a r t e r s  developed . /
/

C o l le c t io n  o f  samples f o r  m ic ro sco p ic  s tu d y . B efore 

any samples were c o l l e c t e d ,  th e  o b je c t iv e s  o f  t h i s  phase o f  

th e  problem were l i s t e d ,  and in d iv id u a l  c o l l e c t i o n  sched u les  

drawn up to  o b ta in  t h e  n e c e s sa ry  m a t e r i a l .  I t  was appa ren t 

t h a t  some samples cou ld  be used  f o r  two o r  more pu rposes , 

th u s  red u c in g  th e  t o t a l  number o f  samples r e q u i r e d .  A f te r  

i n d iv id u a l  sch e d u le s  had been completed, a m a s te r  schedu le  

was drawn up , from which a l l  samples were o b ta in e d .

Because o f  th e  im portance  o f  t h e  t r e e  s t a a  In  th e  manu­

f a c t u r e  o f  pu lp  and p a p e r ,  and because o f  th e  s ig n i f i c a n c e  

o f  th e  cambium in  bark  p e e l in g ,  th e  m ajo r emphasis o f  t h i s  

problem was p la c e d  on th e  cambial re g io n  o f  th e  t r e a t e d  t r e e  

stem. A ccord ing ly , th e  f i r s t  c o l l e c t i o n  schedule was de­

s igned  to  secu re  sam ples which would p ro v id e  in fo rm a tio n
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r e l a t i v e  to  t h i s  p o r t io n  o f  th e  t r e a t e d  t r e e .  The in fo rm a­

t i o n  d e s i r e d  was as  fo l lo w s :  (1) to  determ ine  w hether o r

n o t  th e  a p p l i c a t io n  o f  2 ,4-D  e s t e r ,  2 ,4 ,5 -T  e s t e r  o r  sodium 

mono ch lo ro  a c e t a t e  would cause any s t r u c t u r a l  changes in  th e  

cambium re g io n  o f  th e  t r e e  stems; (2) i f  changes d id  o ccu r , 

to  de te rm ine  th e  p ro g re s s iv e  e f f e c t s  o f  each chem ical;

(3) to  d e te rm in e , i f  p o s s ib l e ,  th e  r e l a t i o n s h i p  between 

th e s e  p ro g r e s s iv e  e f f e c t s  and th e  lo o se n in g  o f  th e  b a rk ;

(4) to  d e te rm in e  which chem ical was m ost e f f e c t i v e  i n  lo o s ­

ening th e  bark ; and (5) to determ ine what th e  e f f e c t  would 

be o f  doubling  th e  s t r e n g th  o f  one o f  th e  chemical s o lu ­

t i o n s .

Four t r e e s ,  s e l e c te d  from th e  June 24 t r e a tm e n ts ,  were 

u se d  to  o b ta in  th e s e  sam ples. The fo llo w in g  fo u r  t re a tm e n ts  

were used  on th e s e  t r e e s :  sodium mono ch loro  a c e t a t e  in  a

f r i l l ;  2,4-D e s t e r  in  a b a s a l  sp ray ; 2 ,4 ,5 -T  e s t e r  in  a bas­

a l  sp ray ; and a double s t r e n g th  s o lu t io n  o f  2 ,4 ,5 -T  e s t e r  i n  

a b a s a l  sp ray . The f i r s t  samples were c o l l e c t e d  on J u ly  7 

and a t  approx im ate ly  weekly i n t e r v a l s  t h e r e a f t e r  u n t i l  Sep­

tem ber 3.

Most sam ples were tak e n  from th e  t r e e  stem a t  app ro x i­

m a te ly  5 f e e t  above th e  ground; a few were a lso  o b ta in e d  from 

th e  sp rayed  a re a  o f  th e  stem (18 in c h e s  from th e  ground) , 

f o r  comparison p u rp o ses .  The c o l l e c t io n  schedule  f o r  th e s e  

samples i s  p re s e n te d  in  Table I I I .
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TABLE I I I

SCHEDULE 0E STM SAMPLES TAKEN EROM TREES TREATED WITH THREE 
DIEEERENT CHMICALS AND COLLECTED AT APPROXIMATELY WEEKLY 

INTERVALS DURING THE SOMMER OE 1952

(T rees  were t r e a t e d  on June 24, 1952.)

Sample
Number Chemical used. C o l le c t io n  d a te Days s in c e  

t re a tm e n t

IK-17-1S1 Sod. mono c h lo ro -  
a c e t a t e 2 J u ly  9 15

IK-27-1S 2 ,4 ,5 -T  e s t e r J u ly  9 15
3K49-1S 2 ,4 ,5 -T  e s t e r 3 J u ly  9 15
IK -61-IS 2,4-D  e s t e r J u ly  9 15

IK-17-2S Sod. m onochloro- 
a c e t a t e J u ly  17 23

IK-27-2& 2 ,4 ,5 -T  e s t e r J u ly  17 23
IK-49-2S 2 ,4 ,5 -T  e s t e r 3 J u ly  17 23
IK -61-2S 2,4-D  e s t e r J u ly  17 23

IK-17-3S Sod. mono c h lo ro -  
a c e t a t e J u ly  24 30

IK-27-3S 2 ,4 ,5 -T  e s t e r J u ly  24 30
EK-49-3S 2 ,4 ,5 -T  e s t e r 3 J u ly  24 30

IK-17-4S Sod. m onochloro- 
a c e t a t e J u ly  30 36

EK-27-4S 2 ,4 ,5 -T  e s t e r  - J u ly  30 36
IK-49-4S 2 ,4 ,5 - T  e s t e r 5 J u ly  30 36
IK-61-3S 2,4-D  e s t e r J u ly  30 36

IK-17-5S Sod. monochloro- 
a c e t a t e Aug. 8 45

IK-27-5S 2 ,4 ,5 -T  e s t e r Aug. 8 45
3K-61-4S 2,4-D  e s t e r Aug. 8 45

IK-17-6S Sod. m onochloro- 
a c e t a t e Aug. 14 51

IK-27-6S 2 ,4 ,5 -T  e s t e r Aug. 14 51
IK-49-5S 2 ,4 ,5 -T  e s t e r 3 Aug. 14 51

2 ,4 -D  - Aug. 14 51
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TABLE I I I  (con tinued )

Sample
Number Chemical u sed  C o l le c t io n  d a te Days s in c e  

t re a tm e n t

IK-17-7S So d .mo no chlo ro -
a c e t a t e Aug. 20 57

JK-27-7S 2 ,4 ,5 -T  e s t e r Aug. 20 57
IK-61-6S 2,4-D  e s t e r Aug. 20 57

EK-17-8S Sod. monochloro-
a c e t a t e Aug. 27 64

IK-27-8S 2 ,4 ,5 -T  e s t e r Aug. 27 64
IK-49-6S 2 ,4 ,5 -T  e s t e r 3 Aug. 27 64
IK -61-7S 2 ,4-D  e s t e r Aug. 27 64

IK-17-9S Sod. m onochloro-
a c e t a t e S ep t.  3 71

IK-27-9 S 2 ,4 ,5 -T  e s t e r S e p t .  3 71
IK-49-7 S 2 ,4 ,5 -T  e s t e r 3 S e p t .  3 71
IK-61-8S 2,4-D  e s t e r S e p t . 3 71

^-Explanation o f  sample numbers : Each sample was given
a number a t th e  tim e o f  c o l l e c t io n , co rrespond ing to  th e
t r e e  from which i t  had been talcen. In  a d d i t io n ,  ia s e t  o f
l e t t e r s  and numbers, fo l lo w in g  th e t r e e  number, was used  to
d e s c r ib e  how many t im e s  th e  t r e e  had been sampled and th e
p o r t io n  o f  th e  t r e e  u sed . For example, DK-17-1S was used  to  
d e s c r ib e  th e  sample ta h e n  from t r e e  IK-17 (See Table  I)  .
The "1 ” fo l lo w in g  th e  second dash means t h a t  i t  was th e  f i r s t  
t im e  t h a t  t r e e  IK-17 had been sampled; th e  S means t h a t  i t  
was a stem sam ple. The l e t t e r s  L, B, and R were used  to des­
ig n a t e  l e a f ,  b ranch , and ro o t  samples r e s p e c t iv e ly .  These 
l e t t e r s  o ccu r  i n  Table VI.

pSodium mono ch lo ro  a c e t a t e  was used  in  co n ju n c tio n  w ith  
a f r i l l e d  g i r d l e ;  2 ,4 ,5 -T  e s t e r  and 2,4-D  e s t e r  were used  as. 
a  b a sa l  sp ra y .

^A pplied double s t r e n g th  (16# a . h .  g . ) .
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A second s e t  o f  stem sam ples, a lso  ta k e n  app rox im ate ly  

5 f e e t  above th e  ground, was o b ta in e d  to  de te rm in e  th e  i n ­

f lu e n c e  o f  t im e o f  t re a tm e n t  on th e  e f f e c t iv e n e s s  o f  each o f  

th e  th r e e  ch em ica ls .  These samples were removed from t r e e s  

t r e a t e d  on d i f f e r e n t  d a te s ,  and in  each case  th e y  were c o l­

l e c t e d  36 days a f t e r  t r e a t i n g .  T h is  in fo rm a tio n  i s  p r e s e n t ­

ed in  Table IV.

E igh ty  days a f t e r  t r e a t i n g ,  one t r e e  which had been 

t r e a t e d  w ith  2 ,4 ,5 -T  e s t e r  on June 4, was f e l l e d  and stem 

samples tak en  a t  5 -f o o t  i n t e r v a l s  from th e  sprayed a r e a  to 

th e  top  o f  th e  t r e e ;  th e  purpose o f  t h i s  sampling was to  de­

te rm in e  i f  th e  a c t io n  o f  th e  chemical was th e  same through­

o u t th e  le n g th  o f  th e  t r e e .  Branch and ro o t  samples were 

a lso  tak en  from t h i s  t r e e  a t  th e  same tim e , to  determ ine  i f  

th e  chem ical had caused any anatom ical changes in  th e s e  t r e e  

p a r t s .

S eventy-one days a f t e r  t r e a t i n g ,  r o o t  samples were c o l­

l e c t e d  from t r e e  EK-17, "which had been t r e a t e d  w ith  sodium 

mono chloro a c e t a t e  on June 24. This was th e  t r e e  from which 

stem samples had been tak en  a l l  summer, as p re se n te d  in  

Table I I I .

Branch and l e a f  samples were c o l l e c te d  th ro ugh ou t th e  

summer h e n  d e f i n i t e  s ig n s  o f  i n j u r y  could be d e te c te d  in  

th e  t r e e s .  No p a r t i c u l a r  schedu le  was fo llow ed  in  th e  c o l-
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TABLE IV

COLLECTION SCHEDULE OE STM SAMPLES TAKEN 56 DAYS 
AFTER TREATING, FROM TREES WHICH HAD BEEN TREATED 

ON VARIOUS DATES DURING 1952

Sample
number Chemical used

Treatment
d a te

C o l le c t io n
da te

Days
s in c e
t r e a t ­
ment

DK-17-4S Sod. monochloro-
a c e ta te * June 24 J u ly  30 36

IK-27-4S 2 ,4 ,5 -T  e s t e r June 24 Ju ly  30 36
DK-61-3S 2,4-D  e s t e r June 24 J u ly  30 36

IK-111-2S Sod. mono ch lo ro -
a c e t a t e J u ly  3 Aug. 8 36

IK-130-1S 2 ,4 ,5 -T  e s t e r J u ly  3 Aug. 8 36
DK-147-1S 2,4-D  e s t e r J u ly  3 Aug. 8 36

DH-16-1S Sod. monochloro-
a c e t a t e J u ly  9 Aug. 14 36

DH-58-1S 2 ,4 ,5 - T  e s t e r J u ly  9 Aug. 14 36
EH-58-1S 2,4-D  e s t e r J u ly  9 Aug. 14 36

IH-159-1S 2 ,4 ,5 -T  e s t e r J u ly  15 Aug. 20 36
IH-127-1S 2,4-D  e s t e r J u ly  15 Aug. 20 36

* Sodium mono ch lo ro  a c e ta t e  was used  in  co n ju n c tio n  w ith  
a f r i l l e d  g i r d l e ;  2 ,4 ,5 -T  e s t e r  and 2,4-D  e s t e r  were u sed  as 
a b a s a l  sp ray .
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l e c t i o n  o f  th e s e  sam ples, "because i t  was n o t  d e s i r e d  to 

s tu d y  p ro g re s s iv e  e f f e c t s  o f  chem icals  on l e a v e s .

O th e r  m is c e l la n e o u s  stem sam ples were tak en  d u rin g  th e  

summer to  o b ta in  a d d i t io n a l  in fo rm a tio n  on th e  e f f e c t  o f  

chem ica ls  on th e  s t r u c t u r e  o f  th e  t r e e  stem. These samples 

were n o t  o b ta in e d  acco rd in g  to  a f ix e d  sch e d u le ,  b u t  were 

c o l l e c t e d  a t  any conven ien t t im e .

Table V shows a l l  the  samples c o l le c te d  a t  th e  Dunbar 

S t a t io n  during  th e  summer o f  1952. Sample numbers, t r e a t ­

ment d a te s ,  chem ica ls  and c o l l e c t io n  d a te s  a re  g iven . I t  

should  be n o ted  t h a t  every  tim e a sample was taken  from a 

t r e a t e d  t r e e ,  a co rrespo nd in g  sample was o b ta in e d  from an 

u n t r e a te d  t r e e .  I n  a d d i t io n  to  th e s e  samples c o l l e c t e d  a t  

Dunbar, a d d i t io n a l  u n t r e a te d  samples were tak en  from th e  

le n n is o n  a re a  d u r in g  1953 and 1954 to p ro v id e  complete in ­

fo rm a tio n  on th e  c o n d i t io n  o f  th e  cambial re g io n  a t  a l l  sea ­

sons o f  th e  y ea r ;  t h e s e  samples a r e  a lso  Inc lud ed  in  Table V. "

F i e l d  o b s e r v a t io n s . F i e ld  o b s e rv a t io n s  were made a t  

Dunbar th rou ghou t th e  summer o f  1952. They were u s u a l ly  

made a t  th e  same tim e t h a t  samples were c o l l e c te d  and were, 

f o r  th e  m ost p a r t ,  co n f in e d  to  th e  t r e e s  being  sampled.

These o b s e rv a t io n s  were made p r im a r i ly  on th e  appearance o f  

l e a v e s ,  tw igs  and stems o f  th e  t r e e s .  I t  was hoped t h a t  

some c o r r e l a t i o n  m igh t be found between th e  outward appear­

ance o f  th e  t r e e  and th e  i n t e r n a l ,  m ic ro sco p ic  changes oc-
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TABLE V

COLLECTION SCHEDULE OP ALL SAMPLES TAKEN AT DONBAR DURING 
1952 AND THE JENNISON AREA DURING 1953 AND 1954

(S means b a s a l  sp ra y ,  P means f r i l l e d  g i r d l e ,  
and E means p e e le d  g i r d l e . )

Sample
number Chemical used

T re a t­
ment
d a te

Method
C o lle c ­

t io n
d a te

Days
s in c e
t r e a t ­
ment

DUN-1-1S1 U n tre a te d mm mm 7 /1 /5 2 _  _

JX-1-1S Sod. mo no chlo ro -  
a c e t a t e 6 /24 /52 p3 7 /9 /5 2 15

IK -E l- IS Sod. mono c h lo ro - 
a c e t a t e 6 /24 /52 S 7 /9 /5 2 15

EK-27-1S 2 ,4 ,5 -T  e s t e r 6 /24/52 S 7 /9 /5 2 15
DK-49-1S 2 ,4 ,5 -T  ester** 6 /24 /52 s 7 /9 /5 2 15
IK-61-1S 2,4-D  e s t e r 6 /24/52 s 7 /9 /5 2 15
JX-17-1S Sod. monochloro- 

a c e t a t e 6 /24/52 F 7 /9 /5 2 15
DON-2 - IS U n tre a te d — — 7 /9 /52 - -
IK-15-3XB Sod. m onochloro-  

a c e t a t e 6 /24/52 F 7 /9 /5 2 15
DUN-3-1 S U n tre a te d -- — 7 /17 /52 —

IK-17-ES Sod. mono chlo ro -  
a c e t a t e 6 /24 /52 F 7 /17 /52 23

IK-E7-SS 2 ,4 ,5 -T  e s t e r 6 /24/52 S 7 /1 7 /5 2 23
DEC-49-2S 2 ,4 ,5 -T  e s t e r 2 6 /24 /52 S 7 /17 /52 23
IK -61-28 2,4-D  e s t e r 6 /24/52 s 7 /1 7 /5 2 23
D-1-1S 2 ,4 ,5 -T  e s t e r 6 /4 /5 2 s 7/19 /52 45
DUN-4 -1 S U n tre a te d --- — 7 /1 9 /5 2 —

3K-17-3S Sod. m onochloro- 
a c e t a t e 6 /2 4 /52 F 7 /2 4 /52 30

BEC-27-3S 2 ,4 ,5 -T  e s t e r 6 /24 /52 s 7 /2 4 /52 30
DK-49-5S 2 ,4 ,5 -T  ester** 6/24/52 s 7 /2 4 /5 2 30
DUN-5 -1 S U n tre a te d - - — 7/2 4 /52 —

DUN-6-1SEL U n tre a te d — 7 /3 0 /5 2 —

DUN-7-1S U n tre a te d -- — 7 /3 0 /5 2 —

IK-17-4S Sod. m onochloro-  
a c e t a t e 6 /24 /52 F 7 /30 /52 36

IK-S7-4S 2 ,4 ,5 -T  e s t e r 6 /24 /52 S 7/30 /52 36
DK-49-4S 2 ,4 ,5 -T  e s t e r 2 6/24 /52 s 7 /30 /52 56
DK-61-3S 2,4-D  e s t e r 6 /24/52 s 7 /3 0 /5 2 36
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TABLE V (co n tin u ed )

Sample
number Chemical used

T re a t ­
ment
d a te

Method
C o lle c ­

t i o n
d a te

Days
s in c e
t r e a t ­
ment

LK-111-1LB Sod. m onochloro- 
a c e t a t e 7 /3 /5 2 F 7 /3 0 /5 2 27

D—1—2SB 2 ,4 ,5 -T  e s t e r 6 /4 /52 S 8 /5 /5 2 62
DUU-4-2SLB U n tre a te d — - — 8 /5 /5 2 —

IK-17-5S Sod. m onochloro- 
a c e t a t e 6 /24/52 F 8 /8 /5 2 45

IK-27-5S 2 ,4 ,5 -T  e s t e r 6 /2 4 /5 2 S 8 /8 /5 2 45
BEC-61-4S 2 ,4 -L  e s t e r 6 /24/52 S 8 /8 /5 2 45
IK-111-2S Sod. monochloro- 

a c e t a t e 7 /3 /5 2 F 8 /8 /5 2 56
3K-130-1S 2 ,4 ,5 -T  e s t e r 7 /5 /5 2 S 8 /8 /5 2 36
IK -147-IS  2 , 4-D e s t e r 7 /3 /52 s 8 /8 /5 2 36
DUN-6-2S U n tre a te d ---- — - 8 /8 /5 2 —

IK-17-6S Sod. monochloro-  
a c e t a t e 6 /24 /52 F 8 /1 4 /52 51

IK-27-52 2 ,4 ,5 -T  e s t e r 6 /24 /52 S 8 /1 4 /5 2 51
IK-49- 5S 2 ,4 ,5 -T  e s t e r 2 6/24/52 s 8 /1 4 /5 2 51
3K-61-5S 2,4-D  e s t e r 6 /24/52 s 8 /1 4 /5 2 51
IH-16-1S Sod. monochloro-  

a c e t a t e 7 /9 /5 2 F 8 /1 4 /5 2 36
LB-38-1S 2 ,4-D  e s t e r 7 /9 /5 2 s 8 /14 /52 36
LB-44-1S 2 , 4-D e s t e r 2 7 /9 /5 2 s 8 /1 4 /5 2 36
3H-58-1S 2 ,4 ,5 -T  e s t e r 7 /9 /5 2 s 8 /1 4 /5 2 36
d o t - 6- 3 3 U n tre a te d ---- — 8 /1 4 /5 2 —

IK-6-1XB Sod. m onochloro- 
a c e t a t e 6 /24 /52 p 8 /1 8 /5 2 55

IK-28-1XB 2 ,4 ,5 -T  e s t e r 6 /24 /52 s 8 /1 8 /5 2 55
IHB22-1LB Sod. monochloro- 

a c e t a t e 7 /9 /5 2 p 8 /18 /52 40
IH-30-1LB 2,4-D  e s t e r 7 /9 /5 2 s 8 /1 8 /5 2 40
IH-52-1LB 2 ,4 ,5 -T  e s t e r 7 /9 /5 2 s 8 /1 8 /5 2 40
LB-122-1LB 2,4-D  e s t e r 7 /15 /52 s 8 /1 8 /5 2 34
DJ-8-1LB Sodium a r s e n i t e 8 /1 1 /5 2 F 8 /1 8 /5 2 7
DJ-23-1LB Sod. Monochloro-  

a c e t a t e 8 /1 1 /5 2 F 8 /1 8 /5 2 7
DOT-8-1LB U n tre a te d — — 8 /1 8 /5 2 —

3K-17-7S Sod. m onochloro- 
a c e t a t e 6 /24 /52 F 8 /2 0 /5 2 57

IK-27-7S 2 ,4 ,5 -T  e s t e r 6 /24 /52 S 8 /20 /52 57
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TAHLE V ( continued)

Sample
number Chemical used

T re a t ­
ment
d a te

Method
C o lle c ­

t io n
d a te

Days
s in c e
t r e a t ­
ment

IK-61-6S 2,4-D  e s t e r 6 /24 /52 S 8 /2 0 /5 2 57
m -1 5 9 - lS 2 ,4 ,5 -T  e s t e r 7 /1 5 /5 2 s 8 /2 0 /5 2 36
IH-127-1S 2,4-D  e s t e r 7 /15 /52 s 8 /2 0 /5 2 36
DDN-6-4S U n tre a te d —— ----- 8 /2 0 /5 2 —

DT-6-1S Sodium a r s e n i t e 8 /11 /52 F 8 /2 0 /5 2 9
DJ-22-1S Sod. m onochloro-

a c e t a t e 8 /1 1 /5 2 F 8 /2 0 /5 2 9
D-1-3SBR 2 ,4 ,5 -T  e s t e r 6 /4 /5 2 S 8 /2 3 /5 2 80
DOT-4-3SBR U n tre a te d ----- 8 /2 3 /5 2 . . . .

IH-58-2S 2 ,4 ,5 -T  e s t e r 7 /9 /5 2 s 8 /2 3 /5 2 45
XK-17-8S Sod. monochloro-

a c e t a t e 6 /24 /52 F 8 /2 7 /5 2 64
JX-27-8S 2 ,4 ,5 -T  e s t e r 6 /24 /52 S 8 /2 7 /5 2 64
IK-49-6S 2 ,4 ,5 -T  e s t e r 2 6/24 /52 s 8 /2 7 /5 2 64
IK -61-7S 2,4-D  e s t e r 6 /24 /52 s 8 /2 7 /5 2 64
DUU-6-5S U n tre a te d ----- ----- 8 /2 7 /5 2 ——

DJ-6-2S Sodium a r s e n i t e 8 /1 1 /5 2 If 8 /2 7 /5 2 16
DJ-22-2S Sod. monochloro-

a c e ta t e 8 /1 1 /5 2 F 8 /2 7 /5 2 16
JCE-159-2S 2 ,4 ,5 -T  e s t e r 7 /1 5 /5 2 s 8 /2 9 /5 2 45
ZK-17-9SR Sod. monochloro-

IK -27-96
a c e t a t e 6 /24 /52 F 9 /3 /5 2 71

2 ,4 ,5 -T  e s t e r 6 /24 /52 S 9 /3 /5 2 71
3K-49-7S 2 ,4 ,5 -T  e s t e r 2 6/24/52 s 9 /3 /5 2 71
IK-61-8S 2,4-D  e s t e r 6 /24 /52 s 9 /3 /52 71
DUN-6-6SR U n tre a te d - - “ — 9 /3 /5 2 - -

J -89 -1S U n tre a te d — _ 4 /2 4 /5 3 _ _
I -8 9 -2 S U n tre a te d — 5 /8 /53 —

I -8 9 -3 S U n tre a te d ----- — 5 /1 5 /53 —

J-89-4S U n tre a te d — - - 5 /22 /53 ——

I -8 9 -5 S U n tre a te d « . . . - - 5/29 /53 ——

I-8 9 -6 S U n tre a te d ----- — 6 /5 /5 3 —

J-8 9 -7 S U n tre a te d ----- — 2 /18 /54

-*-See f i r s t  fo o tn o te  under Table I I I  f o r  ex p lan a tio n  o f  
sample numbers.

o
Double s t r e n g th  (16# a . h . g . ) .
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c u r r in g  in  th e  t r e a t e d  t r e e s .  In  a d d i t io n  to  th e s e  g e n e ra l  

o b s e rv a t io n s ,  a d e t a i l e d  in s p e c t io n  o f  every  t r e a t e d  t r e e  

was made du ring  th e  summer o f  195£; a n o th e r  was made d u rin g  

th e  summer o f  1955. These in s p e c t io n s  n o ted  th e  p e e l a b i l i t y  

o f  th e  bark  as w e ll  as th e  g e n e ra l  app earan ce  o f  th e  t r e e s .

F ie ld  o b s e rv a t io n s  were a lso  made during  1953 and 1954 

on th e  t r e e s  which had been t r e a t e d  a t  th e  le n n is o n  a re a .

The prim ary  p u rp o se  o f  th e s e  o b se rv a t io n s  was to  compare th e  

e f f e c t s  o f  v e ry  e a r ly  t r e a tm e n ts  w ith  th o se  a p p l ie d  l a t e r  in  

th e  season .

In  o rd e r  to  make f u r t h e r  o b s e rv a t io n s ,  two in s p e c t io n  

t r i p s ,  d u rin g  th e  summers o f  1953 and 1954, were made to  th e  

p r o p e r t i e s  o f  th e  P a t t e n  Logging Company a t  Amasa, M ichigan, 

and th e  W illiam  B on ifas  Lumber Company a t  I r o n  M ountain, 

M ichigan. These companies were bo th  conducting  chem ical de­

b a rk in g  experim ents  on aspen, u s in g  th e  same chem ica ls  as 

were u sed  a t  Dunbar.

Methods o f  sample rem oval. Samples were removed from 

th e  stems and r o o t s  o f  t r e e s  w ith  a s e t  o f  wood-carving c h i s ­

e l s .  The c h i s e l s  were o f  an o rd in a ry  square-edge  ty p e ,  and 

a ho llow , h a l f - ro u n d  ty p e .  Leaf and tw ig  samples were ex­

t r a c t e d  w ith  th e  a id  o f  a  r a z o r - s h a rp  s c a lp e l .

S ince  i t  was d e s i r e d  to s tud y  th e  cambium and ad jac en t  

t i s s u e s  o n ly ,  and because  i t  f a c i l i t a t e d  sample removal, th e  

o u te r  p o r t io n  o f  th e  bark  was c a r e f u l ly  removed w ith  th e
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square -edge  c h i s e l  b e fo re  stem o r  ro o t  sam ples were e x t r a c t ­

ed (s e e  F ig .  1 ) .  A f te r  th e  o u te r  p o r t io n  o f  t h e  bark  had 

been removed, a r e c ta n g le ,  m easuring  ap p ro x im ate ly  o n e - h a l f  

in ch  wide and t h r e e - q u a r t e r s  o f  an inch  lo n g ,  was formed by 

c u t t i n g  th rough  th e  phloem and cambium, in to  th e  o u te r  l a y ­

e r s  o f  th e  xylem. This was accom plished by removing a num­

b e r  o f  v e ry  t h i n  l a y e r s  o f  m a te r i a l  w ith  th e  h a l f - ro u n d  

c h i s e l ,  a s  shown in  F ig .  2. A c lean  cu t  was made th rough  

th e  o u te rm o st  growth r in g s  by p la c in g  th e  square-edged  c h i s ­

e l  along th e  p e r im e te r  o f  th e  r e c ta n g le  and pushing th e  

b lad e  in to  th e  wood. The c h i s e l  was then  p la c e d  d ia g o n a l ly  

a c ro s s  each c o rn e r  o f  th e  r e c t a n g le  and pushed in to  th e  

xylem form ing an oc tagon  (see  F ig .  3 ) .  The sq u are -edg e  

c h i s e l  was then  i n s e r t e d  in  th e  groove which formed th e  b ase  

o f  th e  octagon  and p re s se d  in to  th e  wood, c a re  being tak en  

t h a t  i t  was n o t  p re ss e d  in  too  f a r .  The h an d le  o f  th e  c h is ­

e l  was then  pushed down, p ry in g  th e  sample o u t  o f  th e  t r e e ,  

a s  i l l u s t r a t e d  i n  F ig .  4 . Each sample when removed co n ta in ed  

one o r  two growth r in g s  as w e ll  as th e  cambial re g io n ,  fu n c ­

t io n in g  phloem, and a t  l e a s t  a p o r t io n  o f  th e  n o n -fu n c t io n in g  

phlo em.

Small tw ig s ,  m easuring  between o n e - s ix te e n th  and th r e e -  

s ix t e e n th s  :o'f an in ch  in  d iam e te r ,  were sampled by making 

c le a n ,  c r o s s - s e c t i o n a l  c u ts  th rough th e  tw ig s  w ith  a sharp



F ig .  1 .  Showing method o f  removing o u t e r  h a rk  
o f  a  t r e e  w i th  a  c h i s e l .

P ho tog raph  th ro u g h  t h e  c o u r te s y  o f  Fohn L . H i l l .
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F ig .  2 . F orm ation  o f  r e c t a n g l e  by c u t t i n g  th ro u g h  
t h e  phloem and i n t o  t h e  o u t e r  l a y e r s  

o f  t h e  xylem .

P h o to g rap h  th ro u g h  th e  c o u r te s y  o f  John  L . H i l l .
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F ig .  3 . F o rm ation  o f  o c ta g o n  "by c u t t i n g  a c r o s s  
th e  c o r n e r s  o f  p r e v io u s ly  form ed r e c t a n g l e .

P h o to g rap h  th ro u g h  t h e  c o u r te s y  o f  John L . H i l l .
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F ig .  4 . .Method o f  p r y in g  o u t  sample composed o f  phloem , 
cambium, and o u te rm o s t  r i n g s  o f  xy lem .

P h o to g rap h  th ro u g h  th e  c o u r te s y  o f  John  L . H i l l .
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sc a lp e l*  The sam ples were a l l  c u t  to  ap p ro x im ate ly  th r e e -  

e ig h th s  o f  an in c h  in  l e n g th .

The m id - r ib  p o r t io n  o f  le a v e s  was sampled by removing a 

r e c ta n g u la r  p o r t io n  o f  t h e  l e a f  b lad e  which in c lu d e d  th e  

m id - r ib .  The r e c ta n g le s  were approx im ate ly  t h r e e - s i x t e e n t h s  

o f  an inch  wide ( a t  r i g h t  a n g le s  to  th e  m id - r ib ) ,  and one- 

q u a r te r  o f  an in c h  long  ( p a r a l l e l  w ith  t h e  m id -r ib )  .

When th e  samples were removed from th e  t r e e ,  they  were 

Im m ediately p la c e d  i n  numbered b o t t l e s  c o n ta in in g  FAA. k i l l i n g  

and f ix in g  f l u i d  made in  accordance w ith  t h e  fo rn u la  g iven  

by Johansen (42) f o r  woody t i s s u e s .  Upon r e tu r n in g  from th e  

f i e l d ,  th e  samples were t r a n s f e r r e d  to  t e s t  tu b e s  and a s ­

p i r a t e d  by means o f  a w a te r  a s p i r a t o r  u n t i l  th e y  sank to  th e  

bottom o f  th e  tu b e s .  A sm all s t r i p  o f  w h ite  cardboard , w ith  

th e  sample number w r i t t e n  on i t  w ith  I n d ia  ink , was p laced  

in  each t e s t  tu b e .

A 4 by 6 inch  f i l e  card  was made ou t f o r  each sample 

c o l l e c t e d  and a l l  p e r t i n e n t  in fo rm a tio n  r e l a t i v e  to  t r e a t ­

in g , c o l l e c t i n g  and subsequen t h an d lin g  was reco rd ed  th e r e ­

on.

S e c t io n in g  and s t a in in g  o f  m a t e r i a l . A ll m a te r i a l  was 

embedded in  p a r a f f i n  and mounted on wooden b lo ck s  p r i o r  to 

s e c t io n in g ;  th e  i d e n t i f y i n g  number o f  each sample was w r i t t e n  

on th e  wooden b lock  in  i n d i a  in k .
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A 3 by 5 in ch  f i l e  ca rd  was th e n  made o u t  f o r  each 

sample when i t  was s e c t io n e d ;  in fo rm a tio n  r e l a t i v e  to  t h i c k ­

n e s s  o f  s e c t io n s ,  s t a in in g  schedu le  fo llo w ed , and number o f  

s l i d e s  made was re c o rd e d .

L ea f  s e c t io n s  were cu t  on a r o t a r y  m icrotom e and a f ­

f ix e d  to  g la s s  s l i d e s  by means o f  Haupt* s a d h e s iv e .  Only 

c ro s s  s e c t io n s  were made o f  le a v e s  and th e y  were a l l  cu t  10 

m icrons t h i c k .

A ll  o th e r  s e c t io n s  were made on a s l i d in g  microtome and 

were c u t  between 8 and 14 m icrons in  th ic k n e s s .  Cross sec­

t io n s  and r a d i a l  s e c t io n s  were cu t  f o r  a l l  stem and ro o t  

sam ples, and f o r  some tw ig sam ples. The s e c t io n s  were 

p la c e d  between w ire  sc re e n s ,  as d e sc r ib e d  by Hyland (40) to  

p re v en t c u r l in g  and to  ex p e d ite  s t a i n i n g .  A ll wood s e c t io n s  

were s ta in e d  w ith  s a f r a n in  and f a s t  g reen , and were made in ­

to  permanent s l i d e s .



V. FIELD OBSERVATIONS 

The e f f e c t s  o f  chem ical t re a tm e n t  on t r e e  appearance .

The f i r s t  t r e a tm e n ts ,  in v o lv in g  a l l  th e  s ta n d a rd  chem icals 

and t r e a t i n g  m ethods, were made on June 24 and June 25. 

T h e re fo re ,  i n  o rd e r  to  observe  th e  e f f e c t s  o f  t h e  chem ica ls  

f o r  th e  lo n g e s t  p e r io d  o f  t im e , m ost f i e l d  o b s e rv a t io n s  were 

made on t r e e s  t r e a t e d  on th e s e  d a te s .

The f i r s t  t r e e s  to  show s ig n s  o f  in ju r y  from chem ical 

t r e a tm e n t  were th o s e  which had been f r i l l e d  and t r e a t e d  w ith  

sodium m o n o ch lo ro ac e ta te .  These t r e e s  were t r e a t e d  on June 

24 and an in s p e c t io n  made 15 days l a t e r .  A ll  th e  le a v e s  

were tu r n in g  b lack  and m ost o f  them had a d r ie d ,  d i s t o r t e d  

appearance . The bark  o f  th e  s te n s  was tu rn in g  a dark brown 

Im m ediately above th e  f r i l l e d  a r e a s .  None o f  th e  o th e r  

t r e e s ,  t r e a t e d  a t  th e  same tim e , showed s ig n s  o f  i n j u r y .

T w enty-three  days a f t e r  t r e a t i n g  i t  was o b se rv ed  t h a t  

a l l  t r e e s  t r e a t e d  w ith  sodium mono ch lo ro  a c e ta t e  in  f r i l l s  

were com plete ly  d e f o l i a t e d .  Stem bark  appeared  to  be com­

p l e t e l y  b lack ened  from th e  f r i l l s  to  a p o in t  about 5 f e e t  

above t h e  f r i l l s .  A few t r e e s  which had re c e iv e d  a b a sa l  

spray t r e a tm e n t  o f  2 , 4 , 5-T e s t e r  showed some e f f e c t s  o f  th e  

t r e a tm e n t .  The l e a v e s  were s t a r t i n g  to  d is p la y  b r i l l i a n t  

re d  and y e llo w  c o lo r s ;  sm all b rown and o ra n g e -c o lo re d  s p o ts
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began to  ap p ear  on th e  lo w er 5 o r  6 f e e t  o f  th e  st©n b a rk .

No o th e r  t r e a t e d  t r e e s  appeared  to  be a f f e c t e d  a t  t h i s  t im e .

O b se rv a t io n s  made 50 days a f t e r  t r e a t i n g  re v e a le d  t h a t  

th e  phloem and eambial re g io n s  o f  t r e e s ,  t r e a t e d  w ith  sodium 

m o n o ch lo ro ac e ta te  in  f r i l l s ,  appeared  to  be com ple te ly  

k i l l e d  b en ea th  th e  l a r g e  a r e a s  o f  b lackened  b a rk .  These

a re a s  extended to  abou t 5 f e e t  above th e  f r i l l s  a t t h i s

t im e . In  c o n t r a s t  to  t h i s  c o n d i t io n ,  th e  o n ly  phloem and 

eambial t i s s u e s  t h a t  appeared  dead on t r e e s  t r e a t e d  w ith  

£ , 4 , 5 - T e s t e r ,  were co n f in ed  to  sm all a re a s  found beneath

th e  d is c o lo re d  sp o ts  d e sc r ib e d  p re v io u s ly .  These sp o ts  were

more numerous and l a r g e r  th an  re p o r te d  a t  23 days. However, 

e x te n s iv e  a re a s  o f  g re en  bark e x is te d  between d is c o lo re d  

s p o ts ,  and th e  phloem and eambial re g io n s  ben ea th  th e s e  

g reen  a re a s  appeared  to  be h e a l th y .  The f i r s t  ev idence  o f  

damage to  t r e e s  which had re c e iv e d  a b a sa l  sp ray  o f  2,4-D 

e s t e r  was o bserved  on t h i s  d a te ;  th e  e f f e c t s  were v e ry  sim­

i l a r  to  th o se  produced by 2 ,4 ,5 -T  e s t e r .

D e fo l ia t io n  o f  t r e e s  t r e a t e d  w ith  2 ,4 ,5 -T  e s t e r  d id  n o t  

o cc u r  u n t i l  45 days a f t e r  t re a tm e n t  and was th e n  o n ly  ta k in g  

p la c e  on some o f  th e  t r e e s .  This d e f o l i a t e d  c o n d i t io n  can 

be seen i n  F ig u re  5. I t  was no ted  a t  t h i s  tim e t h a t  sodium 

m o n o ch lo ro ace ta te  k i l l e d  le a v e s  much more q u ic k ly  th an  

e i t h e r  2 ,4 ,5 -T  o r  2,4-D; le a v e s  o f  t r e e s  t r e a t e d  w ith  sodium 

mo no ch lo ro  a c e t a t e  had tu rn e d  from green to b lack  w ith in  a
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few days1 t im e  and had f a l l e n  w i th in  25 days . The le a v e s  of 

t r e e s  t r e a t e d  w ith  2 ,4 ,5 -T  e s t e r  had f i r s t  tu rn e d  a b r i l l i a n t  

re d  o r  y e l lo w  c o lo r  and had remained on t h e  t r e e s  f o r  a much 

lo n g e r  t im e . At th e  t im e  o f  t h i s  exam ination  some le a v e s  on 

t r e e s  t r e a t e d  w ith  2 ,4-D  were s t i l l  g reen . I t  was a lso  

n o te d  t h a t  t h e  ston-wood b en ea th  th e  d i s c o lo r e d  p a tc h e s  o f

2 ,4 ,5 -T  t r e a t e d  t r e e s ,  co n ta in ed  b lack  r in g s  o f  t i s s u e ;  th e  

r in g s  were s m a l le r  and were co n ta in ed  w i th in  th e  p e r im e te r s  

o f  th e  d is c o lo re d  a r e a s .  These r in g s  a re  p l a i n l y  v i s i b l e  in  

F ig u re  6. I t  was a lso  n o te d  a t  t h i s  tim e t h a t  th e  sprayed  

a r e a  o f  stem s, and th e  t i p s  o f  b ranches o f  2 ,4 ,5 -T  t r e a t e d  

t r e e s ,  were e v id e n t ly  in  an advanced s t a t e  o f  i n j u r y .  The 

b ra n c h e s ,  between th e  t r e e  t ru n k s  and th e  branch  t i p s ,  ap­

p e a re d  to  be h e a l th y ;  th e  t ru n k s  them selves appeared  to  be 

h e a l th y  from j u s t  below th e  t i p s  o f  th e  l e a d e r s  to  a p o in t  

about 10 f e e t  above th e  ground. Between 5 and 10 f e e t  above 

th e  ground, th e  o u te r  s u r fa c e  o f  th e  bark  seemed to be 

g re e n .  However, th e  phloem and eambial re g io n s  wTere  ob­

se rv ed  to  be tu r n in g  a l i g h t  brown c o lo r .  Below 5 f e e t  th e  

b a rk  con ta ined  numerous d is c o lo re d  p a tc h e s ,  and th e  sprayed  

a r e a  o f  th e  t ru n k s  was tu rn in g  a s o l id  orange-brown c o lo r .

T rees t r e a t e d  w ith  2,4-D  e s t e r  began to  develop many 

d is c o lo re d  s p o ts  on th e  low er p o r t io n  o f  th e  stems a t  51 

days a f t e r  t r e a t i n g .  These spo ts  were very  s im i l a r  to  th o se  

caused by 2 ,4 ,5 -T  e s t e r .  As seen in  F ig u re  7, th e s e
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b lo tc h e s  were exuding a re s in o u s  l i q u i d ,  e s p e c i a l ly  th o s e  o f  

th e  2 ,4-D  t r e a t e d  t r e e s .  The le a v e s  o f  th e  2 ,4-D  t r e a t e d  

t r e e s  were now in  f u l l  autumn c o lo r ,  w h ile  th o se  o f  m ost o f  

th e  2 ,4 ,5 -T  t r e a t e d  t r e e s  were b lackened  and s h r iv e l l e d ;  a 

few were co m ple te ly  d e f o l i a t e d .  However, some o f  th e

2 .4 .5 -T  t r e a t e d  t r e e s  s t i l l  r e t a in e d  numerous co lo red  

le a v e s .  I t  was a lso  n o te d  a t  t h i s  t im e  t h a t  a lm ost a l l  

t r e e s  which had been t r e a t e d  w ith  a double s t r e n g th  s o lu t io n  

o f  2 ,4 ,5 -T  e s t e r  were com plete ly  d e f o l i a te d ,  a lth oug h  th e  

e x te n t  o f  damage to  th e  stem bark seaned to  be about t h e  

same as  t h a t  on t r e e s  t r e a t e d  w ith  s i n g l e  s t r e n g th .

Trees t r e a t e d  w ith  sodium mono ch lo ro  a c e t a t e  a p p l ie d  to  

a  p e e le d  g i r d l e  f i r s t  d isp lay ed  s ig n s  o f  i n j u r y  55 days a f t ­

e r  t re a tm e n t ;  th e  l e a v e s  o f  some t r e e s  were tu rn in g  a brown­

i s h  c o lo r .  At th e  same tim e , i t  was observed  t h a t  th e  bark  

cou ld  e a s i l y  be s t r ip p e d ,  f o r  about a f o o t ,  above th e  

f r i l l e d  a re a s  o f  t r e e s  t r e a t e d  w ith  t h i s  type  g i r d l e  and 

sodium mono ch lo ro  a c e t a t e .

At 62 days a f t e r  t r e a t i n g ,  th e  d is c o lo re d  sp o ts  on

2 .4 .5 -T  t r e a t e d  t r e e s  had spread  a l l  o v e r  t h e  stem, from th e  

ground to  th e  crown; i n  many p la c e s  th ey  were co a le sced , 

form ing l a r g e  a r e a s  o f  o ra n g e -c o lo re d  bark . However, a re a s  

o f  g reen  bark  cou ld  s t i l l  be seen on m ost t r u n k s .  The t i p s  

o f  m ost b ranches  were com ple te ly  k i l l e d ,  and th e  p o r t io n s
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between t i p s  and t ru n k s  d is p la y e d  an o range  c o lo r  s i m i l a r  to  

t h a t  o f  th e  stem.

The appearance  o f  t r e e s  t r e a t e d  w ith  2,4-D was q u i t e  

s im i l a r  to  th o s e  t r e a t e d  w ith  2 ,4 ,5 -T ,  although th e  degree 

o f  damage was much l e s s  se v e re .  On th e  c o n t ra ry ,  t r e e s  

which had been f r i l l e d  and t r e a t e d  w ith  sodium monochloro- 

a c e t a t e  were q u i te  d i f f e r e n t  in  appearance  from e i t h e r  th e

2 ,4 -D  o r  2 ,4 ,5 -T  t r e a t e d  t r e e s .  The stem bark  o f  t r e e s  

t r e a t e d  w ith  sodium mono ch lo ro  a c e t a t e  was now a s o l i d  b lack  

c d lo r  from th e  f r i l l s  to  t h e  crowns. On some t r e e s ,  g reen  

bark was s t i l l  v i s i b l e ,  b u t  i t  was co n f in ed  to  v e ry  narrow  

v e r t i c a l  s t r e a k s ,  sometimes ex tend ing  from th e  f r i l l s  to  th e  

to p s  o f  th e  t re e s*  I t  was seen t h a t  m ost o f  t h e  bark  be­

tween f r i l l s  and th e  ground was s t i l l  g re en .

An exam ination  made 71 days a f t e r  t r e a t i n g  showed t h a t  

th e  bark  o f  t r e e s  which had been f r i l l e d  and t r e a t e d  w ith  

sodium mono ch lo ro  a c e t a t e  could  e a s i ly  be s t r ip p e d  o f f  th e  

t ru n k ,  from t h e  f r i l l s  to  a h e ig h t  o f  about 7 f e e t  above th e  

ground. On many t r e e s  t r e a t e d  w ith  2 ,4 ,5 -T ,  very  l i t t l e  

g reen  bark  cou ld  be found above th e  sprayed  a rea ; th e  

sprayed  a re a  i t s e l f  had tu rn e d  a s o l i d  brown c o lo r .  In  most 

c a se s ,  th e  bark  o f  th e se  t r e e s  s t i l l  r e s i s t e d  p e e l in g .

T rees t r e a t e d  w ith  2,4-D  were s im i l a r  i n  appearance to

2 ,4 ,5 -T  t r e a t e d  t r e e s  b u t  were n o t  damaged as much.
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I t  was i n t e r e s t i n g  to  n o te  t h a t  a l th o u g h  t r e e s  t r e a t e d  

w ith  double s t r e n g t h  2 ,4 ,5 -T  had been d e f o l i a t e d  more qu ick ­

l y  th an  th o se  w ith  s i n g l e  s t r e n g th  s o lu t io n s ,  t h e r e  d id  n o t  

seem to  be any d i f f e r e n c e  in  appearance  o r  p e e l  a b i l i t y  o f  

th e  stem bark  a t  t h i s  t im e . The r o o t s  o f  a l l  t r e a t e d  t r e e s  

a p p a re n t ly  had n o t  been damaged by th e  chem ical t re a tm e n ts ,  

even though many o f  th e  t r e e s  appeared  to  be k i l l e d  down to 

th e  r o o t  c o l l a r .

E ig h ty  days a f t e r  t r e a t i n g ,  th e  bark  o f  t r e e s  which had 

been t r e a t e d  w ith  2 ,4 ,5 -T  on June 4, 1952, d isp la y e d  an 

o range and brown, v a r ie g a te d  c o lo r  above th e  sp rayed  a re a s .  

Branches were b lack ened  f o r  a  d i s t a n c e  o f  about 8  in ch es  

back o f  th e  t i p s ;  th e  p o r t io n s  between t i p s  and tru n k s  ex­

h i b i t e d  a c o lo r a t io n  s im i l a r  to  th e  stem. This c o lo ra t io n  

can be seen  i n  F ig u re  8 . The bark  o f  th e  sp rayed  a r e a s  was 

a s o l i d  brown c o lo r  and could  be p e e le d  o f f  f a i r l y  e a s i ly ;  

bark  above th e  sp ray ed  a rea s  was s t i l l  t i g h t  and could n o t 

be p e e le d .  The r o o t s  s t i l l  seemed to  be h e a l th y ,  even imme­

d i a t e l y  below th e  ro o t  c o l l a r s .

E f f e c t iv e n e s s  o f  chem ica ls  and t re a tm e n ts  used  to  f a ­

c i l i t a t e  p e e l i n g . A summary o f  a 100 p e rc e n t  in s p e c t io n  

made on September 5 can be found i n  Table VI. The c o n d i t io n  

o f  a l l  t r e e s ,  t r e a t e d  du ring  th e  summer o f  1952, i s  p r e s e n t ­

ed i n  t h i s  t a b l e .  C ond ition  o f  t r e e s  was determ ined  by a 

c a r e f u l  exam ination  o f  le a v e s  and stem b a rk .
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TABLE VI

SUMMARY OF INSPECTION MADE ON SEPTEMBER 5, 1953, 
OF ASPEN TREATED DURING 1953

(S means b a s a l  sp ray , P means p e e le d  g i r d l e ,  
and F means f r i l l  g i r d l e . )

T re a t-  Number o f  t r e e s
ment Group Chemical u sed  M e t h - --------------------------
d a te  od rpl D ND I  H

6 /4
6 /2 4

D1-D13
EKI-UCIO

6 /2 4 DEC11-EK20

6 /2 4 IK 21-IK 25

6 /2 4
6 /2 4
6 /2 4
6 /2 4
6 /2 4
6 /2 5

EK26-DEC35
IK 36-EK 45
IK 46-3K 55
EK56-IE:64
EK 65-IK 74
IK 75-3K 85

6 /2 5
6 /2 5
7 / 3

DN86-rK:90
IK 91-IK 95
IK 95-IK 104

7 / 3 IK 1 05-IK 114

7 / 3
7 / 3
7 / 3
7 / 3
7 /9

rK 115-rK 124
IK 125-ISC134
IK 155-D K 144
IK 1 4 5 -r sa 5 3
i H i - r e i o

7 /9 m n - r H i 9

7 /9 EH 20-IH  29

7/9
7/9

IH 30-IH 39
EH 40-IH 49

3 . 4 . 5-T e s t e r  
Sod. monochloro-

a c e ta t e  
Sod. mono ch lo ro  -  

a c e t a t e  
Sod. monochloro-  

a c e t a t e
3 . 4 . 5-T e s t e r
3 . 4 . 5-T e s t e r
3 . 4 . 5-T e s t e r 2
3.4-D  e s t e r  
Je n ta c h lo ro p h e n o l
7> P en tach lo ro p h en o l:

i  3 , 4 , 5-T e s t e r  
None 
None
Sod. monochloro- 

a c e ta t e  
So d . mono chlo ro -  

a c e t a t e
3 . 4 . 5-T e s t e r
2 .4 .5 -T  e s t e r
2 .4 .5 -T  e s t e r 2
2.4-D  e s t e r  
Sod. monochloro-

a c e ta t e :  1  w a te r ,
1 2 -rj^diesel o i l

Sod. mono ch lo ro - 
a c e t a t e  

So d . mono ch i o ro -  
a c e ta t e

2.4-D  e s t e r
2 .4-D  e s t e r 2

S 1 2 1 2

P 10 2 2 1 5

F 9 9

S 5 1 4
S 9 8 1
F 10 6 4
S 10 10
S 9 9
s 10 10

s 11 2 7 2
F 5 5
P 5 5

P 9 4 1 4

F 10 6 2 2
F 10 4 3 3
S 10 9 1
S 10 10
s 9 9

S 10 2 1 3 4

F 9 9 .

P 10 8 1 1
S 10 3 1 3 3
S 10 5 1 3 1
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TABLE VI (co n tin u ed )

T re a t-  ^ Number o f  t r e e s
ment Group Chemical used  Me uh- ------------------------
d a te  °d  T1 D ND I  H

7/9  IH50-IH59
7 /9  IH60-IH69
7/9  IH70-IH79
7 /1 5  IH120-IH129
7 /1 5  IH130-Eihl39 
7 /15  IH140-IH149
7 /15  IH15 0 -IH159 
7 /1 5  m i6 0 - m i6 9
7 /15  IH170-IH179
7 /15  IH 180-m i89
7 / 1 5  m i 9 o - m i9 6

8/11  D15-DJ9
8/11  DJ10-KT14

8/11 DJ15-DI24

8/11  KT25-KT34
8/11  KT35-KT44

2 .4 .5 -T  e s t e r
2 .4 .5 -T  ester®
2 .4 .5 -T  e s t e r
2 .4-D  e s t e r  
2, 4-D e s t e r
2.4-D  ester**
2 .4 .5 -T  e s t e r
2 .4 .5 -T  e s t e r
2 .4 .5 -T  e s te r~
2 .4 .5 -T  e s te r ^
2 .4 .5 -T  e s t e r ,  w a te r  

s o lu t io n
Sodium a r s e n i t e  
Sod. monochloro- 

a c e ta te ^
Sod. monochloro- 

a c e t a t e
2 .4 .5 -T  e s t e r
2.4-D  e s t e r

s 10 7 2 1
s 10 10
F 10 7 3
3 10 2 6 2
F 10 1 4 5
S 10 2 1 6 1
s 10 7 2 1
F 10 4 4 2
S 10 5 2 3
s 10 10
p 7 7
F 5 5

3? 5 2 3

F 10 10
S 10 5 6 1
S 10 1 2 4 3

I t  means t o t a l ,  D means dead, ND means n e a r ly  dead,
I  means showing i n j u r y ,  and H means h e a l th y .

^Double s t r e n g th  (16# a . h . g .)  .

^ T r ip le  s t r e n g th  (24# a . h . g .)  .

^ F r i l l e d  and t r e a t e d  on one s id e  o f  t r e e  o n ly .
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I n  g e n e ra l  i t  can be s a id  t h a t  th e  o n ly  t r e e s  which

could  be p e e le d  e a s i l y ,  a t  th e  tim e o f  exam ination , were

th o se  which had been f r i l l e d  and t r e a t e d  w ith  sodium mono- 

c h lo ro a c e ta te ,  and were l i s t e d  as dead. Even th o se  t r e e s

■which had been t r e a t e d  a s  l a t e  as August 11 were i n  a p e e l -

ab le  c o n d i t io n .

Trees t r e a t e d  w ith  2 ,4 ,5 -T  and l i s t e d  as dead were 

showing s ig n s  o f  bark  lo o se n in g ,  e s p e c i a l ly  in  th e  v i c i n i t y  

o f  th e  sp rayed  a r e a s .  The t r e e s  k i l l e d  w ith  2,4-D were 

f a i r l y  r e s i s t a n t  to  p e e l in g ,  as were those -which had been 

t r e a t e d  by means o f  sodium mono chloro a c e t a t e  a p p l ie d  to a 

p e e le d  g i r d l e .

A check made in  O ctober, 1952, in d ic a te d  t h a t  in  add i­

t i o n  to  th e  f r i l l e d  t r e e s ,  t r e a t e d  w ith  sodium monochloro- 

a c e ta t e ,  most o f  th o se  t r e a t e d  w ith  2 ,4 ,5 -T  in  June, and now 

dead, appeared  to  be in  a  s a t i s f a c t o r y  p e e l in g  c o n d i t io n .

Table V II i s  a summary o f  an o th e r  in s p e c t io n ,  made on 

th e  same t r e e s ,  on June 13, 1955. P r a c t i c a l l y  every t r e e  

l i s t e d  as dead in  t h i s  summary was in  good p e e l in g  condi­

t i o n .  The bark  o f  many t r e e s  was s p l i t t i n g  from th e  ground 

to th e  top  o f  th e  t ru n k .  This was e s p e c ia l ly  t r u e  o f  th o se  

t r e e s  t r e a t e d  w ith  sodium mono ch loro  a c e ta te ,  a lth ough  no t 

con f ined  e x c lu s iv e ly  to  them (s e e  F ig u re s  9 and 1 0 ) .  Trees 

l i s t e d  as showing in j u r y  o r  n e a r ly  dead p ee le d  about th e  

same as  u n t r e a te d  t r e e s  i n  some cases ; in  o th e r s  th ey  were 

d e f i n i t e l y  h a rd e r  to  p e e l .
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TABLE V II

SUMMARY OF INSPECTION MADE ON JUNE 13, 1953, 
OF ASPEN TREATED DURING 1952

(S means b a s a l  sp ray , P means p ee le d  g i r d l e ,  
and F means f r i l l  g i rd le * )

T re a t ­
ment
d a te

Group Chemical u sed Meth­
od

Number o f t r e e s

T3- D ND I H

6/4 D1-D15 2 ,4 ,5 -T  e s t e r S 1 2 2 1 2
6/24 IK1-IK10 Sod* monochloro-

a c e t a t e P 9 3 1 5
6/24 IK ll-rK 20 Sod. monochloro-

a c e t a t e F 9 9
6/24 IK21-IEC25 So d . mo no chlo ro -

a c e t a t e S 4 1 1 2
6/24 L&26-IK55 2 ,4 ,5 -T  e s t e r S 9 9
6/24 IK36-IK45 2 ,4 ,5 -T  e s t e r p 9 9
6/24 DK46-IK55 2 ,4 ,5 -T  e s t e r 3 S 10 10
6 /24 E&56-IK64 2,4-D  e s t e r S 9 9
6/25 DK65-IK74 P en t  a ehlo ro ph eno 1 s 10 3 7
6/25 UC75-IK85 -j- P en tach lo ro p h en o l 2 >

g  2 ,4 ,5 -T  e s t e r s 11 4 5 2
6/25 JK86-IK90 None F 4 2 2
6/25 EK91-IK95 None F 3 1 1 1
7/3 1X95-1X104 Sod. monociiloro-

a c e t a t e P 9 7 2
7/3 XK10 5- DK114 Sod. monochloro-

a c e ta t e F 10 8 2
7/3 3X115-1X124 2 ,4 ,5 -T  e s t e r F 10 9 1
7/3 1X125-3X134 2 ,4 ,5 -T  e s t e r S 10 10
7/3 3X135-3X144 2 ,4 ,5 -T  e s t e r 3 s 9 9
7/3 1X145-3X153 2,4-D  e s t e r s 6 6
7/9 Uil-IHIO Sod. monochloro-

a c e t a t e :  1 w ater,
d i e s e l  o i l s 10 2 3 1 4

7/9 BELLI-3X19 Sod. mono c h lo ro -
a c e t a t e F 9 9

7/9 EH 20-3X29 Sod. monochloro-
a c e t a t e P 10 9 1

7/9 3X30-1X39 2,4-D  e s t e r s 10 6 1 2 1
7/9 3X40-3X49 2,4-D  e s t e r 3 s 10 9 1
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TABLE V II ( con tinued)

T re a t ­
ment
d a te

Group Chemical u sed Meth­
od

Numb e r o f t r e e s
rp! D ND I H

7/9 DH50-IH59 2 ,4 ,5 -T  e s t e r S 10 9 1
7/9 EH60-IH69 2 ,4 ,5 -T  e s t e r 3 s 10 10
7/9 IH70-LH79 2 ,4 ,5 -T  e s t e r F 10 9 1
7/15 IE 1 2 0 -m i2 9 2,4-D  e s t e r S 9 2 2 3 2
7/15 EH130-IH159 2,4-D  e s t e r F 10 4 5 1
7/15 IH140-IH149 2,4-D  e s te r ^ S 10 4 1 3 2
7/15 IH150-IH159 2 ,4 ,5 -T  e s t e r S 10 8 2
7 /15 IH160-IH169 2 ,4 ,5 -T  e s t e r F 10 10
7/15 DE170-LH179 2 ,4 ,5 -T  e s t e r 3 S 10 8 2
7/15 IH180-IH189 2 ,4 ,5 -T  e s t e r ^ S 10 10
7/15 IH190-IH196 2 ,4 ,5 -T  e s t e r ,  w a te r

s o lu t io n F 7 7
8 /11 DJ5-DJ9 Sodium a r s e n i te F 5 5
8/11 DJ10-DJ14 Sod. monochloro-

a c e t a t e 5 F 5 2 1 2
8 /11 DI15-DJ24 Sod. monochloro-

a c e ta te F 10 10
8/11 DI25-DJ34 2 ,4 ,5 -T  e s t e r S 10 5 3 2
8/11 DI35-DJ44 2,4-D  e s t e r s 10 5 3 1 1

-*-T means t o t a l ,  D means dead, ND means n e a r ly  dead, 
I  means showing in ju r y ,  and H means hea lthy*

o
T o ta l number o f  t r e e s  may n o t  agree  w ith  th o se  given 

in  Table VI, because some t r e e s  were f e l l e d  f o r  exam ination 
and o th e r s  were down due to  n a tu r a l  causes .

rz
Double s t r e n g th  (16# a . h . g .)  .

^ T r ip le  s t r e n g th  (24# a . M l .  g .)

5F r i l l  on one s id e  o f  t r e e  o n ly .
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From T ab les  VI and VII i t  can be seen t h a t  sodium mo­

no ch lo ro  a c e t a t e  a p p l ie d  in  f r i l l s ,  and 2 ,4 ,5 -T  e s t e r  a p p l ie d  

as  a b a s a l  sp ray  appeared  to  b e  th e  m ost e f f e c t i v e  t r e a t ­

m ents t r i e d  in  t h i s  s tu dy .

The in f lu e n c e  o f  tim e o f  t re a tm e n t  on th e  e f f e c t i v e ­

n ess  o f  chem ica ls  and m ethods. Tables VI and VII show t h a t  

sodium mono ch lo ro  a c e t a t e  a p p a re n t ly  was as e f f e c t i v e  when 

a p p l ie d  l a t e  i n  th e  summer a s  i t  was when ap p lie d  e a r l i e r .

On th e  o t h e r  hand, 2,4-D  and 2 ,4 ,5 -T  appeared  to  be much 

l e s s  e f f e c t i v e  when a p p l ie d  in  August than  when a p p l ie d  in  

June,

A d d it io n a l  in fo rm a tio n  concerning tim e o f  t re a tm e n t  

was o b ta in e d  from o b s e rv a t io n s  made on t r e e s  t r e a t e d  a t  th e  

Jen n iso n  f o r e s t  du ring  th e  s p r in g  o f  1953. An exam ination 

o f  th e se  t r e e s  on February  18, 1954, showed t h a t ,  w ith  one 

ex cep tio n , a l l  o f  them were dead, and t h a t  th e  bark  could  

e a s i l y  be s t r ip p e d  from t h e i r  t ru n k s .  These t r e e s  had  a l l  

been t r e a t e d  in  l a t e  A p r i l  and e a r ly  May and appeared to  

have responded to  t re a tm e n t  as  w e ll  a s  th o se  -which had been 

t r e a t e d  during  June and J u ly .  In fo rm ation  p e r ta in in g  to  

chem icals and type  o f  t re a tm e n t  used  on th e s e  t r e e s  can be 

o b ta in e d  from Table I I .

M isce llan eo u s  o b s e r v a t io n s . I t  was observed  t h a t  

t r e e s  which had been f r i l l e d  and t r e a t e d  w ith  sodium mono- 

c h lo r o a c e ta te  on one s id e  o n ly  d id  n o t  develop th e  charac-
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t e r i s t i c  b lack  bark  as q u ick ly  as  th o s e  which had  been 

f r i l l e d  and t r e a t e d  around th e  e n t i r e  c ircu m fe ren ce .

Twenty-two days a f t e r  t r e a t i n g ,  t h e  bark  im m edia te ly  above 

th e  f r i l l e d  a re a  was tu rn in g  a dark  orange c o lo r ,  w h ile  th e  

bark  on th e  u n t r e a te d  s id e  o f  th e  t r e e  remained g reen . By 

c u t t in g  away th e  o u t e r  p o r t io n  o f  th e  bark i t  was observed  

t h a t  th e  phloem and eam bial re g io n s  im m ediately  above th e  

f r i l l e d  p o r t io n  o f  t h e  bark  were tu rn in g  a brownish co lo r ,  

w h ile  th e  t i s s u e  above th e  u n t r e a te d  p o r t io n  o f  th e  stem, ap­

p ea red  to  be normal (s e e  F ig u re  1 1 ) .  However, th e  crowns 

appeared  to  be dying un ifo rm ly  on a l l  s id e s  o f  th e s e  t r e e s .  

Upon re-exam in ing  th e s e  t r e e s  i n  June o f  1953, i t  was found 

t h a t  two were dead and th r e e  were s t i l l  p roducing  a few green  

le a v e s ;  t h e  bark on th e  t r e a te d  s id e  o f  th e  stems was s p l i t ­

t i n g  and was b lacken ed  bu t appeared  to  be h e a l th y  on th e  un­

t r e a t e d  s id e s  o f  a l l  b u t  one t r e e .

During th e  summers o f  1952 and 1955, i t  was no ted  t h a t  

i n  th e  m a jo r i ty  o f  ca ses  damage to  th e  stem bark was f i r s t  

seen on th e  so u th e a s t  s id e  o f  th e  t r e e .  In  th e  case o f  

t r e e s  t r e a t e d  w ith  sodium mono ch loro  a c e t a t e ,  th e  bark ap­

pea red  to  tu rn  b lack  more q u ic k ly .  The d is c o lo re d  s p o ts  and 

exuda tions  o f  r e s in o u s  f l u i d ,  c h a r a c t e r i s t i c  o f  t r e e s  t r e a t ­

ed w ith  2 ,4 ,5 -T  and 2 ,4 -D , were a lso  n o ted  f i r s t  on th e  

s o u th e a s t  s id e  o f  t h e  t r e e s .  The dea th  o f  le a v e s ,  however, 

was ob served  to o cc u r  s im u ltan e o u s ly  th roughout th e  crowns of 

th e  t r e e s .
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Of th e  361 t r e e s  t r e a t e d  d u rin g  1952, ev idence  o f  a t ­

t r a c t i o n  to  "w ild life  was on ly  found in  one g roup . This 

group had been t r e a t e d  w ith  a b a s a l  spray  c o n s i s t in g  o f  a 

m ix tu re  o f  sodium m o n o ch lo ro ace ta te  in  w a te r  and d i e s e l  o i l .  

The group c o n s is te d  o f  10 t r e e s  and every t r e e  showed s ig n s  

o f  w i l d l i f e  a c t i v i t y .  The moss from around th e  base o f  each 

t r e e  had been e a te n ,  exposing  th e  ro o t  c o l l a r ,  i n  a d d i t io n ,  

numerous h o le s  had been dug between, and u n der , th e  r o o t s  o f  

th e  t r e e s .  (See F ig u re  12 .)

Hie depth  o f  f r i l l s  appeared to  have a  pronounced e f­

f e c t  on th e  su ccess  o f  t h i s  type o f  t re a tm e n t .  I t  was no ted  

t h a t  deep f r i l l s ,  c u t t in g  in to  th e  sapwood f o r  a t  l e a s t  one- 

h a l f  in ch , were much more e f f e c t i v e  than  sh a llo w  f r i l l s  

■vdiieh b a r e ly  scored  th e  sapwood. T re e s  w ith  deep f r i l l s  

were n o t  o n ly  k i l l e d  more q u ic k ly  b u t could be p e e le d  c le a n ­

e r  and a t  an e a r l i e r  d a te .  I t  was a lso  e s t a b l i s h e d  t h a t  

t r e e s  w ith  deep f r i l l s  responded to  t re a tm e n t  more r e a d i ly  

th an  t r e e s  which had re c e iv e d  a pee led  g i r d l e  p r i o r  to 

s p ra y in g .

R eg ard le ss  o f  t h e  ty p e  o f  t re a tm e n t  u sed , i t  was no ted  

t h a t  th e  s i z e  o f  th e  t r e e s  appeared  to  in f lu e n c e  th e  e f f e c ­

t iv e n e s s  o f  t r e a tm e n ts .  Even when a d d i t io n a l  s o lu t io n  was 

a p p l ie d  in  an e f f o r t  to  compensate f o r  s i z e ,  th e  b e s t  r e ­

s u l t s  were o b ta in e d  on t r e e s  which ranged from 5 to 9 in c h e s  

in  d iam ete r  a t  b r e a s t  h e ig h t .  Many t r e e s  above 10 in c h e s  in
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d iam e te r  were found to  be h e a l th y  and v ig o ro u s  one y e a r  a f t ­

e r  t r e a t i n g ;  o t h e r s ,  a lthough  dead, d id  n o t  p e e l  as s a t i s ­

f a c t o r i l y  a s  th e  s m a l le r  t r e e s .

I n  most c a se s ,  i t  was found t h a t  t r e a t e d  t r e e s  p e e le d  

b e t t e r  th e  s p r in g  o r  summer fo llow ing  t r e a tm e n t  th an  th ey  

d id  th e  autumn fo l lo w in g  t r e a tm e n t .  One o b je c t io n  to  t h i s  

p rocedu re  was th e  d i s c o lo r a t io n  t h a t  developed, in  th e  o u te r  

inch  o f  sapwood, as th e  t r e e s  s tood  o ver w in te r .  This d is ­

c o lo r a t io n  n e c e s s i t a t e d  a d d i t io n a l  b leach in g  f o r  c e r t a i n  

ty p e s  o f  p ap e r  p ro d u c ts .  D isco lo red  sapwood seemed to  be 

more p r e v a le n t  i n  th e  t r e e s  t r e a t e d  w ith  sodium monochloro- 

a c e ta t e  th an  w ith  t r e e s  t r e a t e d  w ith  t h e  o th e r  ch em ica ls .

I t  was p r e s e n t  to  some degree , however, in  most ch em ica lly  

t r e a t e d  t r e e s  which had stood  o v e r  th e  w in te r .

I t  was a lso  found t h a t  th e  bark  o f  pulpwood s t i c k s  

which came from th e  u pper p o r t io n s  o f  th e  t r e e  u s u a l ly  were 

more d i f f i c u l t  to  p e e l  th an  th o se  which came from th e  lower 

p o r t i o n s .  This was more n o t i c e a b le  in  t r e e s  t r e a t e d  w ith

2 ,4 ,5 -T  and 2 ,4-D  th a n  w ith  th o se  t r e a t e d  w ith  sodium mono- 

c h lo ro a c e ta te .  T h is  c o n d i t io n  h e ld  t r u e  one y e a r  a f t e r  

t r e a t i n g  as w e ll  a s  d u rin g  th e  same y e a r .

I t  was n o ted  t h a t  th e  bark  o f  some t r e e s ,  t r e a t e d  w ith  

sodium m o n o ch lo ro ace ta te ,  could  n o t  be p ee led  o f f  in  l a r g e  

s h e e ts  bu t broke up in to  very  small p ie c e s .  T his  bark  ap­

p ea red  to be in  an advanced s ta g e  o f  d i s i n t e g r a t i o n  and in
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many ca se s  lo n g  f ib r o u s  s t r a n d s  o f  bark  adhered  to  t h e  t r e e  

t r a n k .
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Fig* 5 . Aspen t r e e ,  t r e a t e d  w i th  2 , 4 , 5-T e s t e r ,  showing 
com plete  d e f o l i a t i o n  45 days a f t e r  t re a tm en t*

Fig-v*6 * Stem o f  aspen  t r e a t e d  w i th  2 ,4 ,5 - T  e s t e r  showing 
r i n g s  o f  b lack en ed  xylem t i s s u e  r e s u l t i n g  from t r e a tm e n t
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F ig .  7 .  Stem o f  aspen  t r e a t e d  w i th  B,4-D e s t e r ,  showing 
e x u d a tio n  o f  r e s in o u s  f l u i d  from  d i s c o lo r e d  sp o ts .

F ig .  8 . Branch o f  a spen  t r e e  t r e a t e d  w ith  3 ,4 ,5 - T  e s t e r ,  
showing t y p i c a l  v a r i e g a t e d  c o l o r  found  80 days

a f t e r  t r e a tm e n t .
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F ig .  9 .  Base o f  t r e e  t r e a t e d  w ith  2 ,4 ,5 - T  e s t e r ,  showing 
s p l i t t i n g  and d i s c o l o r a t i o n  o f  b a rk  

one y e a r  a f t e r  t r e a tm e n t .

F ig .  10 . Upper p o r t i o n  o f  a sp en  t r e e  t r e a t e d  w i th  2 ,4 ,  5-T 
e s t e r ,  showing s p l i t t i n g  o f  s to n  bark  

one y e a r  a f t e r  t r e a t i n g .
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F ig .  1 1 .  Aspen t r e e  t r e a t e d  w i th  sodium m o n o c h lo ro a c e ta te ,  
showing d i s c o l o r a t i o n  o f  phloem above t r e a t e d  h a l f  o f  

stem , and showing h e a l t h y  t i s s u e  above u n t r e a t e d
h a l f  o f  s tem .

F ig .  1 2 . Base o f  t r e e  t r e a t e d  w i th  sodium mono c h lo ro  a c e t a t e ,  
showing ev id e n c e  o f  w i l d l i f e  a c t i v i t y .  Moss h a s  been  ea ten  

from r o o t  c o l l a r  and numerous h o l e s  were dug
u n d e r  r o o t s .





VI. LABORATORY DATA ON THE ANATOMY OF STEMS? TWIGS, 

LEAVES, AND ROOTS—WITH APPLICABLE 

FIELD OBSERVATIONS

A# Stem Anatomy o f  U n tre a te d  T rees

1 .  D e sc r ip t io n  o f  th e  Cambial Region and A djacen t T issues  o f  

th e  Stem

T his d e s c r ip t io n  i s  baded on samples taken  from stems 

a t  approx im ate ly  5 f e e t  above th e  ground, and c o l l e c te d  a t  

v a r io u s  t im es  d u rin g  th e  growing season .

Cambial r e g io n . The cambial re g io n , in c lu d in g  u n d i f ­

f e r e n t i a t e d  xylem and phloem c e l l s ,  v a r i e s  from 5 to  15 

c e l l s  in  w id th , depending on th e  tim e o f  season . The amount 

and n a tu r e  o f  th e  c e l l  c o n te n ts  a ls o  v a r i e s  during  th e  grow­

ing  season , rang in g  from abundant to  s c a rc e ,  and from a 

g ra n u la r  to  a f l u i d  s t a t e .

ffilem . The xylem o f  aspen stems is  composed o f  v e s s e l s ,  

f i b e r s ,  lo n g i tu d in a l  parenchyma, and ray  parenchyma. The 

wood i s  t y p i c a l l y  d i f f u s e  porous, w i t h  v e s s e l s  o f  approx­

im a te ly  th e  same d iam eter th roughou t th e  growth r in g s .  Ves­

s e l s  a r e  in  m u l t ip l e s  o f  two o r  more, equipped w ith  sim ple 

p e r f o r a t io n  p l a t e s .  L o n g itu d in a l  parenchyma i s  m o s tly  t e r ­

m in a l ,  form ing a broken l i n e  a t  th e  ex trem ity  o f  each growth
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r i n g .  Rays a re  u n i  s e r i a t e  and fo l lo w  a r a t h e r  s t r a i g h t  

course  th rough th e  xylem . F ib e r s  a re  r e l a t i v e l y  numerous, 

e s p e c i a l ly  in  th e  o u te r  p o r t io n  o f  th e  r in g s ;  w a l ls  a r e  r e l ­

a t i v e l y  t h i n .

Phloem. Phloem was found to  c o n s i s t  o f  lo n g i tu d in a l  

parenchyma, ra y  parenchyma, s ie v e  tu b e s ,  companion c e l l s ,  

f i b e r s ,  and some s c l e r e i d s .  As seen i n  F ig u re  113, s ie v e  

tu b e s  a r e  much l a r g e r  and have th i c k e r  w a l ls  than  th e  su r ­

rounding c e l l s ;  s ie v e  p l a t e s ,  p r i n c i p a l l y  on th e  r a d i a l  

w a l l s ,  a r e  p l a i n l y  v i s i b l e  because o f  t h e i r  th ic k  appearance, 

which i s  due to  d e p o s i t io n s  o f  c a l l o s e .  Extruded n u c le o l i  

a re  a c o n s ta n t  f e a t u r e  o f  th e  s ie v e  tu b es  during  th e  growing 

season; one can be seen  a t  th e  extreme r i g h t  s id e  o f  F ig ­

u re  13. I t  was n o ted  t h a t  th e  s ie v e  tu b e  elem ents p o s se s s  

long , s lo p in g  end w a l l s ,  c o n ta in in g  compound s ie v e  p l a t e s .  

Each s ie v e  p l a t e  c o n ta in s  from 8  to  12 s ie v e  a r e a s .  F ig ­

u re  14 shows th e  compound s ie v e  p l a t e s  and ex tru ded  n u c le o l i  

o f  th e  s ie v e  tu b e s .  L o n g i tu d in a l  parenchyma c e l l s  a re  

sm a lle r  in  d iam eter and have t h in n e r  w a lls  th an  th e  s ie v e  

tu b es ; companion c e l l s  a re  th e  s m a l le s t  in  d iam ete r ,  occupy­

ing  th e  co rn e rs  o f  th e  s ie v e  tu b e s .  S ieve tu b e s ,  companion 

c e l l s ,  and lo n g i tu d in a l  parenchyma c e l l s  form broad tangen­

t i a l  bands o f  t i s s u e  which a l t e r n a t e  w ith  narrow er, tangen­

t i a l  bands o f  f i b e r s .  C r y s t a l l i f e r o u s  c e l l s  a re  f r e q u e n t ly  

found in  th e  v i c i n i t y  o f  th e  f i b e r s  (see  F ig . 1 5 ) .  S c le r -
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e id s  a r e  o c c a s io n a l ly  found a d ja c e n t  to  th e  cam bial reg ion ; 

f a r t h e r  o u t  th ey  a re  q u i t e  numerous and in t e r s p e r s e d  among 

th e  f i b e r s .

2. C ondition  o f  th e  Cambial Region and Adjacen.t T is su e s  o f  

th e  Stem a t  D i f f e r e n t  Times o f  th e  Year

a . C ondition  on F eb ruary  18 (see  F ig .  16)

Cambial r e g io n . C ell w a l ls  were f irm  and r e l a t i v e l y  

th ic k ;  c e l l s  were r e c t a n g u la r  in  shape, a l ig n e d  in  o rd e r ly  

r a d i a l  rows, and were in  a c o n tra c te d  s t a t e .  The e n t i r e  r e ­

gion was app rox im ate ly  5 c e l l s  wide. C ell c o n te n ts  were

very abundant, r a t h e r  g ra n u la r ,  and s ta in e d  q u i t e  dark w ith 

s a f r a n in .

Xylem. A d i s t i n c t  d iv id in g  l i n e  cou ld  be seen between 

th e  cambial reg io n  and m ature  xylem c e l l s .  V esse ls  and f i ­

b e r s ,  formed th e  p re v io u s  y ea r ,  were a l l  f u l l y  developed and 

po ssessed  r e l a t i v e l y  th ic k  w a l l s .  Ray parenchyma, a d ja c e n t  

to  th e  cambial re g io n , had c e l l  c o n te n ts  s im i la r  to  th o s e  o f  

th e  cambial re g io n .

Phloem. The l a s t  formed c e l l s  o f  th e  p re v io u s  y ea r  

were s t i l l  u n d i f f e r e n t i a t e d .  They were approx im ate ly  th e  

same s iz e  i n  d iam e te r  and po ssessed  co n ten ts  s im i l a r  to  

th o se  a l re a d y  d e s c r ib e d .  E x te rn a l to  th e s e  c e l l s ,  th e  d i f ­

f e r e n t i a t e d  e lem ents  cou ld  be seen . S ieve tu b e s  appeared to 

be la c k in g  in  cytoplasm ; s ie v e  p l a t e s  were devoid o f  e a l -  

lo s e ,  and no ex truded  n u c le o l i  could  be d e te c te d .  Companion
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c e l l s  and l o n g i tu d in a l  parenchyma c e l l s  were r i c h  in  c e l l  

c o n te n ts ,

h . C ondition  on A p r i l  24 (see  F ig ,  15)

F ie ld ; .o b s e rv a t io n s ♦ Buds were green  and expanded b u t 

n o t  open,

Cambial r e g io n . C e l ls  were no lo n g e r  in  o r d e r ly  rows; 

w a l l s  were n o t  as  f irm  o r  th ic k  as re p o r te d  f o r  February . 

C e ll  c o n te n ts  were changing from a g ra n u la r  to  a more o r  

l e s s  f l u i d  s t a t e ;  th ey  were n o t  as dense and d id  n o t  ta k e  up 

s t a i n  as r e a d i ly  as  th o se  r e p o r te d  f o r  F ebruary .

X ylan. No change n o te d .

Phloem. C e lls  r e p o r te d  as being u n d i f f e r e n t i a t e d  in  

February now were found to  be d i f f e r e n t i a t i n g  in to  th e  v a r i ­

ous ty p es  o f  s p e c ia l i z e d  t i s s u e s .  C e ll  co n ten ts  th roughou t 

th e  phloem were d i s p e r s in g  and approaching a f l u i d  s t a t e ,

c . C ondition  on May 29 (see  F ig .  17)

F ie ld  o b s e r v a t io n s . Leaves o f  th e  sample t r e e s  were 

f u l l y  developed.

Cambial r e g io n . Cambium was a c t iv e ly  d iv id in g ,  forming 

new xylem and phloem c e l l s .  Cambial c e l l s  were w ider in  a 

r a d i a l  d i r e c t i o n  th a n  p re v io u s ly  n o te d .  The cambial reg io n  

was much w ider th an  re p o r te d  b e fo re .  I t  was n o t  p o s s ib le  to  

d i s t in g u i s h  w ith  c e r t a i n t y  between cambial re g io n  and a d ja ­

cen t t i s s u e s  because o f  many u n d i f f e r e n t i a t e d  c e l l s .  C ell
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c o n te n ts  were now in  a f l u i d  s t a t e  and e v id e n t ly  had l o s t  

much o f  t h e i r  c h ro m a t ic i ty .

Xylem. F i r s t  formed v e s s e l s  and f i b e r s  a l re a d y  had 

secondary w a l l s ;  th o se  which had j u s t  d i f f e r e n t i a t e d  pos­

sessed  t h i n  prim ary  w a l l s .  Xylem c e l l s  were form ing a t  a 

r a p id  r a t e .  C ell c o n te n ts  were abundant in  newly formed ray  

c e l l s  bu t s c a rc e  i n  o t h e r s .

Phloem. S ieve tubes  had en larged  and now were t h r e e  to  

fo u r  tim es as  l a r g e  in  d iam eter as th e  surrounding  c e l l s  o f  

l o n g i tu d in a l  parenchyma; th e  w a l ls  a lso  were t h i c k e r  th an  

th o se  o f  th e  parenchyma c e l l s .  S ieve p l a t e s  were a c q u ir in g  

a d ep o s i t  o f  c a l lo s e  and as a r e s u l t  were very  prom inen t. 

Extruded n u c l e o l i  were appearing  in  th e  m ature  s ie v e  tu b e s ,  

and cytoplasm  was found l i n in g  th e  w a l ls ,

d. C ondition  on J u ly  30 ( see F ig . 13)

Cambial r e g io n . The cambial reg ion  was much narrow er 

th an  on May 29; c e l l s  were more n e a r ly  in  rows and were ap­

proach ing  a r e c ta n g u la r  shape. C ell c o n te n ts  were approach­

ing  a g ra n u la r  s t a t e  aga in , and th e  e n t i r e  re g io n  had an ap­

p ea rance  o f  dec reased  a c t i v i t y .

Xylem. Most xylem c e l l s  were f u l l y  d i f f e r e n t i a t e d .

Very few th in -w a l le d  v e s s e l s  o r  f i b e r s  could be d e te c te d ,  

and e v id e n t ly  v e ry  few new c e l l s  were be ing  formed.

Phloem. Phloem c e l l s  were s t i l l  forming v e ry  slowly; 

s ie v e  tu b e s  a d ja c e n t  to  th e  cambial re g io n  had n o t expanded
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to  t h e i r  f u l l  s i z e .  C a llo se  and ex truded  n u c l e o l i  could  

s t i l l  he d e te c te d  i n  th e  m atu re  s ie v e  tu b e s ,  

e. C ondition on August 20 {see F ig .  18)

Cambial r e g io n . Appearance o f  c e l l s  was about th e  same 

as re p o r te d  on Ju ly  30, excep t t h a t  c e l l  co n ten ts  seemed to  

be more g r a n u la r .

Xylem. No change n o ted .

Phloem. Some s ie v e  p l a t e s  were th ic k e r  th an  re p o r te d  

on Ju ly  50, e v id e n t ly  as  a r e s u l t  o f  in c re a s e d  c a l lo s e  de­

p o s i t s .  A d i s t i n c t  absence o f  ex truded  n u c le o l i  was a lso  

no ted  in  m ost s ie v e  tu b e s .  The c o n te n ts  o f  many phloem /  

c e l l s  were q u i t e  g ra n u la r ,  and became d a rk ly  s ta in e d  w i t h /  

s a f r a n in .

B. P ro g re s s iv e  E f f e c t s  o f  Chemicals on th e  Stem Anatomy

o f  Trees T reated  During 1952

1 . E f f e c ts  o f  Sodium M onochloroaceta te  on th e  Cambial Region 

and A djacent T issu es

Unless o th e rw ise  s t a t e d ,  a l l  samples were taken  a t  ap­

p rox im ate ly  5 f e e t  above t h e  ground from th e  ston. o f  t r e e  

IK-17. This t r e e  was f r i l l e d  and sprayed on June 24, and 

samples removed p e r i o d i c a l l y  during  th e  summer (see  Table 

I I I )  .

a .  F i f t e e n  days a f t e r  t r e a t i n g  (see  F ig .  19)

F ie ld  o b s e rv a t io n s .  A ll  le a v e s  were tu rn in g  brown and
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w ith e re d  in  appearance; stem bark  in  th e  v i c i n i t y  o f  th e  

f r i l l  was a lso  tu rn in g  brown.

Qambial r e g io n . The w a lls  o f  m ost c e l l s  were d i s t o r t e d  

and in  a s t a t e  o f  p a r t i a l  c o l la p s e ;  in  some p la c e s  i t  was 

almost im p o ss ib le  to  d i s t in g u i s h  in d iv id u a l  c e l l s .  C onten ts 

and w a lls  o f  a l l  c e l l s  were s ta in e d  a dark brown due to  

chemical t r e a tm e n t ,  and i n  sp o ts  th ey  were fu sed  to g e th e r .

Xylem. Some c e l l s  im m ediately  a d ja c e n t  to  th e  cambial 

reg io n  were becoming d i s t o r t e d .  Ray c e l l s  a d ja c e n t  to  th e  

cambial re g io n  co n ta in e d  dark c o n te n ts ,  s im i l a r  to  th o se  o f  

th e  cambium.

Phloem. I t  was n o ted  t h a t  most s ie v e  tu b e s  were p a r ­

t i a l l y  c o l la p se d ;  w a l l s  were much th i c k e r  than  th o se  o f  n o r­

mal tu b e s  and were s t a in e d  a dark brown c o lo r .  In  some 

cases  i t  was very  d i f f i c u l t  to  l o c a t e  s iev e  p l a t e s  because 

th ey  resem bled th e  w a l ls  o f  o th e r  c e l l s  in  th ic k n e s s  and 

c o lo ra t io n .  When v i s i b l e  th ey  had very  heavy d e p o s i t io n s  o f  

c a l lo s e .  F ig u re  20, a t  h igh  m a g n if ic a t io n ,  shows s ie v e  

tubes  w ith  p l a t e s .  I t  was a lso  n o ted  t h a t  most s ie v e  tu b es  

were devoid o f  ex truded  n u c l e o l i .  The w a l ls  o f  many lo n g i ­

tu d in a l  parenchyma c e l l s  were becoming th ic k -w a l le d ;  th e y  

were d i s t o r t e d  and in  an e a r ly  s ta g e  o f  c o l la p s e .  Ray t i s ­

sue was v e ry  much d i s t o r t e d .  In  some a rea s  i t  was ex trem ely  

d i f f i c u l t  to  t r a c e  th e  p a th  o f  a ray  through th e  cambium i n ­

to th e  phloem. C ell c o n te n ts  o f  th e  ra y s  were s ta in e d  dark
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brown and were fu sed  w ith  t h e  w a l l s  n e a r  th e  cambial r e g io n .  

The on ly  elem ents i n  th e  phloem t h a t  did  n o t  seem to  be a f ­

fe c te d  by th e  t re a tm e n t  were th e  bands o f  f i b e r s  and s c l e r -  

e id s .  The appearance  o f  th e  phloem can be compared w ith  

t h a t  o f  u n t r e a te d  phloem c o l le c te d  a t  th e  same tim e by com­

p a r in g  F igu res  19 and E l.

b . Tw enty-three days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Tree was com plete ly  d e f o l i a t e d .  

Bark from f r i l l  to  about 5 f e e t  above th e  f r i l l  was com­

p l e t e l y  blackened; from 5 f e e t  above f r i l l  to top  o f  t r e e ,  

and from f r i l l  to  abou t 18 inches  below, th e  bark  had an 

orange-brown c o lo r .

Cambial r e g io n . The amount o f  c o l la p s e ,  and th e  degree 

o f  d i s i n t e g r a t i o n  o f  th e  w a lls  was more advanced than  a t  15 

days. The dark brown c o lo r  o f  c e l l  c o n te n ts  was more p ro ­

nounced and th e  c o n te n ts  were d i s in t e g r a t in g  in  some c e l l s .

Xylem. Many newly formed c e l l s  were beg inn ing  to  show 

s ig n s  o f  c o l la p s e  and gen era l d i s t o r t i o n .  Ray c e l l s  were 

becoming d i s t o r t e d  and in  an e a r ly  s t a t e  o f  c o l la p s e  a d ja ­

cen t to  the  cam bial re g io n .

Phloem. Very few s ie v e  tu b e s  could  be d is t in g u is h e d .  

Sieve p l a t e s  were h a rd  to  d e te c t  in  th o se  s iev e  tu b es  which 

could be seen. Ray c e l l s  ad jacen t to  th e  cambium were s t a r t ­

ing to d i s i n t e g r a t e  and had b lackened  w a l ls  and c o n te n ts .

No damage to  f i b e r s  o r  s c l e r e i d s  cou ld  be d e te c te d .
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c. T h ir ty  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Tree had app rox im ate ly  th e  same 

appearance as  d e s c r ib e d  a t  23 days; b lackened  bark  a re a s  ex­

tended  about 2 f e e t  f u r t h e r  up th e  t ru n k .

Oambial r e g io n . I t  was im p o ss ib le  to  d i s t in g u i s h  in ­

d iv id u a l  c e l l s  i n  t h e  cambium. C o llapse  had become severe  

and g en e ra l  th ro u g h o u t th e  e n t i r e  re g io n .  C e ll  co n te n ts  

could  n o t  be d i s t in g u i s h e d  from th e  w a lls ;  bo th  appeared as 

b la c k ish  m asses o f  m a t e r i a l ,  a p p a ren tly  Jo ined  to g e th e r .  In  

many p la c e s ,  ra y s  l o s t  a l l  c o n t in u i ty  through th e  cambium.

Xylem. Not much change in  appearance o f  th e  xylort 

could be d e te c te d .  The degree o f  d i s i n t e g r a t i o n  o f  ray  

c e l l s  was g r e a t e r  than  a t  23 days.

Phloem. Almost a l l  c e l l  w a l ls ,  except th o se  o f  f i b e r s  

and s c le r e id s  were in  an advanced s t a t e  o f  c o l la p s e  and d i s ­

in t e g r a t i o n .  C e lls  c lo s e  to  th e  cambial reg io n  were more 

d i s to r t e d  th an  th ose  f a r t h e r  o u t .  The lumens o f  many c e l l s  

were sm a lle r  in  d iam ete r  than  th o se  o f  u n t r e a te d  m a te r i a l  

because o f  th e  th ic k  w a l ls .  B lackened c e l l  c o n te n ts  were 

g en e ra l  th roughou t th e  phloem. Even lo n g i tu d in a l  parenchyma 

in  th e  o u te r  re g io n s  co n ta in e d  dark c o n te n ts .  In  many a re a s  

th e  c o n t in u i ty  between groups o f  f ib ro u s  c e l l s  and a d ja c e n t  

parenchymatous t i s s u e  was broken, le av in g  i s o l a t e d  groups o f  

f i b e r s  and s c l e r e i d s .
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d. T h i r ty - s ix  days a f t e r  t r e a t i n g  (see  F ig .  22)

F ie ld  o b s e r v a t io n s . Stem bark  was b lackened  from th e  

f r i l l  to  th e  top  o f  th e  t r e e  w ith  on ly  a few narrow, green 

s t r e a k s  rem ain ing .

Cambial r e g io n . No change n o te d .

Xylem. No change n o te d .

Phloern.. C ell w a l ls  were more d i s t o r t e d  than  a t  30 

days. In  many p la c e s ,  a d ja c e n t  to  th e  cambial reg io n , th e  

phloem was i n  th e  form o f  t a n g e n t i a l  bands o f  b lack  m a t e r i a l .  

C ell c o l la p s e  was complete and no in d iv id u a l  c e l l  shapes 

could be determ ined . Rays appeared  as s o l id  b lack  l i n e s  

tw is t in g  through th e  phloem. F ib e r s  and s c l e r e i d s  s t i l l  

seemed to  be i n t a c t ,  bu t th e  spaces between groups o f  f i b e r s  

and s c le r e id s ,  and a d ja c e n t  parenchymatous m a te r ia l  were 

much more pronounced than  a t  30 days.

e . F o r ty - f iv e  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Appearance o f  t r e e  was th e  same as 

a t  30 days. I t  was n o ted , however, t h a t  th e  bark  immediate­

ly  above th e  f r i l l e d  a re a  could  be s t r ip p e d  o f f  by hand.

Cambial r e g io n . The cambium had th e  appearance o f  a 

d iso rg an ize d  t a n g e n t i a l  band o f  blackened t i s s u e .  R ad ia l  

w a lls  were s e v e re ly  c o l la p s e d  and I t  was im p oss ib le  to  d is ­

t in g u is h  in d iv id u a l  c e l l s .

Xylem. Most c e l l s  im m ediately  ad jacen t to  th e  cambial 

zone were in  an in te rm e d ia te  s ta g e  o f  d i s i n t e g r a t i o n ,  in
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some a re a s  d i s t i n c t  s e p a ra t io n s  could  be seen between cam­

b i a l  zone and xylem.

Phloem. The on ly  i n t a c t  c e l l s  in  th e  phloem were bands 

o f  f i b e r s  and s c l e r e i d s .  A ll o th e r  c e l l s  were undergoing  a 

p ro cess  o f  d i s i n t e g r a t i o n .

f .  F i f ty -o n e ,  57, and 64 days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Not much change was n o ted  in  ap­

p ea rance  o f  th e  t r e e .  The bark  was alm ost com plete ly  b lack  

above th e  f r i l l ;  on ly  a few green  p a tch e s  remained n e a r  th e  

top o f  th e  t r u n k .  Bark could  be s t r ip p e d  o f f  more e a s i l y  as 

time went on; a t  64 days i t  was d i f f i c u l t  to  remove stem 

samples w ithou t s e p a ra t in g  bark from wood.

Cambial re g io n ,  xylem, and phloem. There was very  

l i t t l e  change in  appearance  during  t h i s  p e r io d .  A ll  c e l l s ,  

except f i b e r s  and s c l e r e i d s ,  were d i s in t e g r a t in g  very  slow­

l y .
g. Seventy-one days a f t e r  t r e a t i n g  (see  F ig u res  23 and 24)

F ie ld  o b s e r v a t io n s . Tree was com plete ly  dead above 

f r i l l ;  no g reen  bark  was v i s i b l e .  Bark was a lso  com ple te ly  

b lackened  from f r i l l  to  a p o in t  about one fo o t  below f r i l l .  

Below t h i s  p o in t  t h e r e  s t i l l  were numerous green bark  

p a tch e s .  The bark  above th e  f r i l l  was very  lo o se  and ex­

treme c a re  had to  be u sed  In o rd e r  to  remove samples in  an 

undamaged c o n d i t io n .
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Cambial r e g io n . Cambial re g io n  had com plete ly  c o l ­

la p s e d .  I t  was im p o ss ib le  to  determ ine  where th e  cambial 

re g io n  ended and phloem o r  xylem began. A ll  t r a c e s  o f  c e l l  

c a v i t i e s  had been o b l i t e r a t e d ,  and t h e  e n t i r e  re g io n  ap­

p ea red  as a c o a l-b la c k  mass o f  d i s t o r t e d  t i s s u e .

Xylem. The la s t - f o r m e d  c e l l s  o f  th e  xylem were i n  an 

advanced s t a t e  o f  d i s i n t e g r a t i o n ,  l e a v in g  many sm all la c u n a e  

between xylem and cam bial r e g io n .  Some ray  c e l l s  a d ja c e n t  

to  t h e  cambial zone had d i s i n te g r a t e d ;  o th e r s  had b lackened  

w a l ls  and c o n te n ts .

Phloem . The s ie v e  tu b es , companion c e l l s ,  and paren ­

chyma c e l l s  a d ja c e n t  to  th e  cambial re g io n  had com ple te ly  

c o l la p s e d ,  forming a wide t a n g e n t i a l  band o f  tw is te d ,  b la c k ­

ened w a ll  m a t e r i a l .  F a r th e r  o u t  c o l la p s e  was n o t  so p ro ­

nounced, b u t  th e  w a l l s  were very  th i c k  and had th e  same 

b lackened  appearance a s  th o se  a d ja c e n t  to  th e  cam bial r e ­

g io n . Rays cou ld  n o t  be d i s t in g u is h e d  c lo s e  to  th e  cambial 

reg io n  and f a r t h e r  o u t  th ey  were com ple te ly  dead, c o n ta in in g  

b lackened  c e l l  c o n te n ts .  This c o n d i t io n  can be seen  in  F ig . 

24. In  many p la c e s  t h e r e  were numerous vo id  a re a s  between 

bands o f  i n t a c t  f i b r o u s  c e l l s  and a d ja c e n t  parenchym atous 

m a t e r i a l .  This c o n d i t io n  was g en e ra l  th roughou t th e  ph loon , 

even in  th e  o u te r  p o r t i o n s  o f  t h i s  re g io n  (see  F ig .  23 ).
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2. E f f e c t s  o f  2 ,4 ,5 -T  E s te r  on th e  Cambial Region and Ad­

ja c e n t  T is su es  

U n less  o thervd.se s t a t e d ,  a l l  sam ples were tak en  a t  ap­

p ro x im a te ly  5 f e e t  above th e  ground from th e  stem o f  t r e e  

IK -27. This t r e e  was t r e a t e d  by th e  b a sa l  sp ray  method on 

June 24 and sam ples removed p e r i o d i c a l l y  d u rin g  th e  summer 

(see Table I I I )  .

a .  F i f t e e n  days a f t e r  t r e a t i n g  (see  F ig .  25)

F ie ld  o b s e r v a t io n s . T ree appeared to  be h e a l th y  and 

v igo rous  a t  t h i s  t im e . A ll  f o l i a g e  and bark  a re a s  were 

g reen .

Cambial r e g io n . No damage could  be d e te c te d .

Xylem. No damage cou ld  be d e te c te d .

Phloem . Many c e l l s  p o sse ssed  very  t h i c k  w a l ls .  Al­

though no ev idence  o f  c o l l a p s e  could  be d e te c te d  in  m ost 

c e l l s  o f  l o n g i tu d in a l  parenchyma, i t  d id  appear in  some 

s ie v e  tu b e s .  O ther s ie v e  tu b e s  had very  sm all c e l l  c a v i t i e s  

because  o f  t h e i r  ex trem ely  th i c k  w a l l s .  No ex truded  n u c l e o l i  

were seen and i t  was v e ry  d i f f i c u l t  to  d e te c t  s ie v e  p l a t e s .  

C ell co n te n ts  were g ra n u la r  and s t a in e d  q u i t e  dark as  a r e ­

s u l t  o f  t r e a t i n g .  No damage cou ld  be seen i n  th e  f i b e r s  o r  

s c l e r e i d s .
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b.  T w enty-th ree  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Leaves were beg inn ing  to  tu r n  from 

g reen  to  v a r io u s  shades o f  red  and ye llow . Stem bark  was 

g reen  except f o r  some sm all d is c o lo re d  s p o ts  on th e  low er 5 

o r  6 f e e t  o f  th e  t ru n k .  Samples ta k e n  a t  t h i s  t im e were 

from th e  c e n te r  o f  a sm all d is c o lo re d  sp o t ,  l o c a t e d  about 2 

f e e t  above th e  ground.

Cambial r e g i o n . Cambial c e l l s  were s l i g h t l y  d i s t o r t e d  

and a few seemed to  be in  an e a r ly  s t a t e  o f  c o l l a p s e .

Xylem. No damage could  be d e te c te d .

Phloem. The phloem was about th e  same as a t  15 days. 

C ell c o n te n ts  were a l i t t l e  d a rk e r .

c .  T h ir ty  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . A pproxim ately o n e - h a l f  o f  th e  

l e a v e s  had tu rn e d  brown; th e  o th e r s  were c o lo re d  red  and 

ye llow . The low er p o r t io n  o f  th e  t ru n k  appeared  to  be dying 

in  l o c a l i z e d  sp o ts ;  t h e  upper p o r t io n  d id  n o t  seem to  be 

damaged. Sample was taken  from a h e ig h t  o f  2 f e e t ,  from an 

a re a  o f  g reen  b a rk .

Cambial r e g io n . Cambial re g io n  was about th e  same as 

re p o r te d  f o r  25 days.

Xylem. No damage could  be d e te c te d .

Phloem . The phloem was in  about th e  same c o n d it io n  as 

r e p o r te d  a t  25 days .
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d. T h i r t y - s i x  days a f t e r  t r e a t i n g  ( s e e  F ig u re s  26 and 27)

F ie ld  o b s e r v a t io n s . Tree appearance  was ahout t h e  same 

as  a t  50 days. More le a v e s  had tu rn e d  "brown h u t  th e  co n d i­

t i o n  o f  th e  t ru n k  had h o t  changed a p p re c ia b ly .

Camhial r e g io n . C ell w a l l s ,  e s p e c i a l ly  r a d i a l  w a l l s ,  

were s t a r t i n g  to  c o l l a p s e  and p re s e n te d  a d i s t o r t e d  ap p ear­

ance . C ell c o n te n ts  cou ld  n o t  he seen.

Xylem. In  some p la c e s ,  newly formed c e l l s  were c o l ­

l a p s in g  and w a l ls  were d i s i n t e g r a t i n g ,  causing  numerous 

sm all lacu n ae  between th e  camhial re g io n  and xylem.

Phloem. Extruded  n u c l e o l i  and s ie v e  p l a t e s  were n o t  

v i s i b l e  In  th e  s ie v e  tu b e s .  Thick t a n g e n t i a l  bands o f  c o l ­

la p s e d  w a ll  m a te r i a l  cou ld  be seen a t  v a r io u s  p la c e s  In  th e  

phloem. In  o th e r  r e g io n s ,  c e l l  w a l ls  were th i c k  and v e ry  

dark  bu t had n o t  c o l la p s e d .  U nco llapsed  c e l l s  were rounded 

o r  o v a l ,  re sem b ling  expanded lo n g i tu d in a l  parenchyma c e l l s .  

This c o n d i t io n  can be seen in  F ig u re  27.

e .  F o r ty - f iv e  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . A ll  l e a v e s  were com ple te ly  dead; 

t r e e  was p a r t i a l l y  d e f o l i a t e d .  D isco lo red  a re a s  in  bark  

were l a r g e r ,  and b lack  r i n g s  o f  t i s s u e  were d isco v e red  in  th e  

wood benea th  th e s e  a r e a s .

Cambial r e g io n . C ell w a l l s  were b lackened  and s t a r t e d  

to  d i s i n t e g r a t e .  C o llapse  was more g e n e ra l  th an  re p o r te d  a t  

56 days.



109

Xylem. C o llap se  o f  newly formed c e l l s  was more ad­

vanced th a n  a t  36 days. Lacunae were "becoming l a r g e r  and 

more numerous "between cam bial re g io n  and xylem. Many ra y s  

had b lackened  c e l l  c o n te n ts ,  in  m ost cases  ex ten d in g  o u t  to 

th e  end o f  th e  growth r in g .

Phloem . Not much change from 36 days except t h a t  ex­

t ru d e d  n u c l e o l i  were very  numerous i n  th e  s ie v e  tu b e s ,  imme­

d ia t e l y  a d ja c e n t  to  th e  cambium. F a r th e r  o u t ,  th e  phloem 

had th e  same appearance  as d e sc r ib ed  a t  36 d a y s ^

f .  F i f ty -o n e  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . D isco lo red  s p o ts  in  th e  bark  o f  

th e  t ru n k  were much l a r g e r  th an  re p o r te d  p re v io u s ly .  Many 

sp o ts  had c o a le sced , form ing l a r g e  a re a s  o f  o ra n g e -c o lo re d  

b a rk . Many o f  th e  d i s c o lo re d  a re a s  were exuding a r e s in o u s  

l i q u i d .  The sample was ta k e n  a t  5 f e e t  from an a re a  o f  

g reen  bark  im m edia tely  a d ja c e n t  to  a d is c o lo re d  s p o t .

Cambial r e g io n . The cambial re g io n  was in  approxim ate­

l y  th e  same c o n d i t io n  as r e p o r te d  a t  30 days . The c e l l s  

were j u s t  s t a r t i n g  to  show c o l la p s e ,  and a few w a l ls  were 

d is p la y in g  th e  f i r s t  s ig n s  o f  d i s i n t e g r a t i o n .  C e ll  c o n te n ts  

were b reak ing  in to  f rag m en ts .

Xylem. No damage could  be d e te c te d .

Phloem . S ieve  tu b es  were in  an e a r ly  s t a t e  o f  c o l ­

l a p s e ;  th o se  a d ja c e n t  to  t h e  cambial re g io n  were n o ted  to  

have th i c k  w a l l s .  W alls were l i n e d  w ith  d a r k - s ta in e d  cy to ­
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p lasm . I t  was o b se rv ed  t h a t  th e  o u te r  p o r t i o n  o f  th e  phloem 

was much l e s s  a f f e c t e d  th a n  t h a t  c lo s e r  to  th e  cam hial r e ­

g io n ,  Some s ie v e  p l a t e s  cou ld  s t i l l  he d e te c te d ,  a s  w e ll  as  

ex tru ded  n u c l e o l i ,

g . F i f ty - s e v e n  days a f t e r  t r e a t i n g  (see  F ig u re s  28 and 29)

F ie ld  o b s e r v a t io n s . D isco lo red  hark  a re a s  now extended 

from th e  sprayed  a r e a  to  th e  top  o f  th e  t r e e .  Sample taken  

a t  5 f e e t  from d i s c o lo re d  a r e a .

Camhial r e g io n . C e l ls  were in  an advanced s t a t e  o f  

c o l l a p s e .  W alls were d i s t o r t e d  and d i s i n t e g r a t i n g ,  making 

i d e n t i f i c a t i o n  o f  i n d iv id u a l  c e l l s  im p o s s ib le .  C e ll  con­

t e n t s  were g r a n u la r  and b lackened  in  appearance . Many were 

d i s i n t e g r a t i n g  in to  f rag m en ts .

Xylem. W alls and c o n te n ts  o f  Ion  g i t u d in a l  and ray  

parenchyma c e l l s  were s ta in e d  coa l b lack . Hays were in  ad­

vanced s t a t e  o f  d i s i n t e g r a t i o n .  W alls o f  many c e l l s  a d ja ­

c e n t  to  th e  cam bial re g io n  were c o l la p se d  and t o m .  The i n ­

t e r v e s s e l  p i t s  i n  many s p o ts  were ve ry  b lack  and were ob­

se rv ed  to  be b u lg in g  in to  th e  v e s s e l  c a v i t i e s .  There a lso  

was a p reponderance  o f  v e s s e l s  and very  few f i b e r s  a d ja c e n t  

to th e  cambial re g io n .

Phloem . A ll  c e l l s  a d ja c e n t  to  th e  cambial re g io n  were 

found in  an advanced s t a t e  o f  c o l la p s e  and d i s i n t e g r a t i o n .  

F a r th e r  o u t ,  c e l l s  w ith  t h i c k  w a l ls  were n o ted  and very  

l i t t l e  c o l la p s e  was o b se rv ed . Rays were normal except im-
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m e d ia te ly  a d ja c e n t  to  th e  cam hial re g io n  where they  had d i s ­

i n t e g r a t e d .  A few ex tru d ed  n u c l e o l i  were in  ev id ence  and 

o c c a s io n a l ly  a s ie v e  p l a t e  cou ld  he d e te c te d .

h .  S ix ty - fo u r  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . L arge  a r e a s  o f  th e  t ru n k  were now 

d i s c o lo re d .  The sp rayed  a re a  was tu rn in g  an orange-brow n. 

The sample was ta k e n  from th e  sp rayed  a re a ,  abou t 2 f e e t  

from th e  ground.

Cambial r e g io n . C e l ls  were com plete ly  c o l la p s e d .  I t  

was im p o ss ib le  to  d i s t i n g u i s h  in d iv id u a l  c e l l s  because th e  

e n t i r e  reg io n  appeared  as  a  s o l i d ,  t a n g e n t i a l  band o f  b la c k ­

ened, d i s t o r t e d  m a t e r i a l .

Xylem. Some d i s i n t e g r a t i o n  o f  n ew ly -fo m ed  c e l l s  was 

n o ted . However, th e  degree  o f  d i s t o r t i o n  and b lack e n in g  was 

n o t  as g r e a t  as r e p o r t e d  a t  57 days. Hay c e l l s  were damaged 

m ost. Many o f  them d isp la y e d  b lackened  w a l ls  and c o n te n ts .

Phloem. Numerous t a n g e n t i a l  bands o f  b lackened  m a te r i ­

a l  were n o ted  th ro u g h o u t th e  phloem. C ell c o n te n ts  appeared  

as s o l id  b lack  m asses o f  m a t e r i a l .  W alls o f  th e  m a jo r i ty  o f  

c e l l s ,  even th o s e  t h a t  had n o t  c o l la p s e d ,  were very  d a rk .

Hay c e l l s  appeared  as  s o l i d  m asses o f  b lack  t i s s u e ;  no d i s ­

t i n c t i o n  could  be made between c o n te n ts  and w a l l s .  Many 

l a r g e  vo id  spaces  were n o ted  between i n t a c t  f i b e r s  and 

s c l e r e i d s ,  and a d ja c e n t  m a t e r i a l .
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i* S eventy-one days a f t e r  t r e a t i n g  (see  F ig .  30)

F i e l d  o b s e r v a t io n s . Trunk above sprayed a re a  was a l ­

most s o l i d  o range, w ith  l i t t l e  g reen  bark  v i s i b l e .  The 

sprayed  a re a  was a lm o s t a s o l i d  brown. The bark  o f  th e  

sp rayed  a re a  was in  a p e e la b le  c o n d i t io n ,  b u t  above t h i s

a r e a  i t  was t i g h t .  Sample was ta k e n  from 5 f e e t .

Cambial r e g io n . The cam bial reg io n  had th e  same ap­

p e a ra n c e  as r e p o r te d  a t  64 days.

Xylem. Many newly-form ed c e l l s  had c o l la p se d ,  forming 

numerous sm all la c u n a e  between cam bial reg io n  and x y lan . I t  

was no ted  t h a t  some ra y  and lo n g i tu d in a l  parenchyma c e l l s  

had dark w a l ls  and dark  c e l l  c o n te n ts .  However, th e  degree  

o f  damage to  th e  xylem was much l e s s  than  a t  e i t h e r  64 o r  57 

days. This can be observed  by comparing F ig u re s  28 and 30.

Phloem . G-eneral appearance  o f  th e  phloem was abou t th e  

same a s  a t  57 days; many s ie v e  tu b e s  were p a r t i a l l y  co l­

la p s e d  and m ost d e l l s  had v e ry  th i c k  w a l l s .  T a n g e n tia l

bands o f  b lackened  m a t e r i a l  were in  ev idence th ro u g h o u t th e  

phloem. F ib e r s  and s c l e r e i d s  were i n t a c t .

3. E f f e c t s  o f  2 ,4-D  E s t e r  on th e  Cambial Region and A djacen t 

T issu es

U n less  o th e rw is e  s t a t e d ,  a l l  samples were taken  a t  ap­

p ro x im a te ly  5 f e e t  above th e  ground from th e  s ton  o f  t r e e  

IK -61. This t r e e  was t r e a t e d  by th e  b a sa l  sp ray  method on
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June 24 and samples removed p e r io d i c a l l y  during  th e  summer 

(see  Table I I I ) .

a .  F i f t e e n  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . No ev idence  o f  damage cou ld  be de­

t e c t e d .

Cambial r e g io n . No damage cou ld  be d e te c te d ;

Xylem. No damage co u ld  be d e te c te d .

Phloem . No damage could  be d e te c te d .

b . Tw enty-th ree  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . No ev idence o f  damage could  be de­

te c t e d .

Cambial r e g io n . No damage could  be d e te c te d ,

Xylem. No damage could  be d e te c te d .

Phloem. No damage n o ted  except t h a t  t h e  c e l l  c o n te n ts  

o f  many l o n g i tu d in a l  parenchyma c e l l s  were s t a in e d  dark 

brown, and were d i s i n t e g r a t i n g  and moving toward th e  c e l l  

w a l l s ,  g iv in g  th e  w a l ls  a t h i c k  appearance .

c. T h i r ty - s ix  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . The le a v e s  were s t a r t i n g  to  tu rn  

v a r io u s  shades o f  re d  and ye llow . A few d is c o lo re d  sp o ts  

were found on th e  lo w er  10 f e e t  o f  th e  trunk ; a  re s in o u s  

f l u i d  was observed  on some o f  th e  s p o t s .  Sample was taken  

from a d is c o lo re d  s p o t .

Cambial r e g io n . No damage cou ld  be d e te c te d .
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Xylem. No damage cou ld  be d e te c te d .

Phloem . C ell  c o n te n ts  had a d a rk e r  c o lo r  th a n  n o ted  

b e f o r e .  The w a l l s  o f  most parenchym atous c e l l s ,  e s p e c i a l ly  

s i e v e  tu b e s  and lo n g i tu d in a l  parenchyma, were becoming v e ry  

th ic k ;  no ev idence  o f  c o l l a p s e  was d e te c te d .

d. F o r ty - f i v e  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Not much change in  appearance; 

some le a v e s  s t i l l  g reen ; d is c o lo re d  sp o ts  on tru n k  more nu­

m erous.

Cambial r e g io n . No damage could  be d e te c te d .

X ylan . No damage cou ld  be d e te c te d .

Phloem . C ell  c o n te n ts  were very  dark and fragm entary ; 

most o f  them were l i n i n g  th e  w a l l s .

e . F i f ty -o n e  days a f t e r  t r e a t i n g  (see  F ig .  31)

F ie ld  o b s e r v a t io n s . A ll  le a v e s  had changed c o lo r .

Many d is c o lo re d  sp o ts  had developed on th e  low er h a l f  o f  th e  

tru n k ;  upper p o r t i o n  was s t i l l  e n t i r e l y  g reen . Much f l u i d  

was be ing  exuded by d is c o lo re d  s p o ts .

Cambial r e g io n . Very l i t t l e  c o l la p s e  o r  d i s t o r t i o n  was 

found a t  t h i s  tim e; c e l l  w a l ls  were d a rk e r  th an  th o s e  o f  un­

t r e a t e d  m a te r i a l  and th ey  were more r i g i d .  Cambial re g io n  

was devoid o f  c e l l  c o n te n ts  as  compared w ith  u n t r e a te d  ma­

t e r i a l  (compare F ig u re s  31 and 32).

Xylem. No damage could  be d e te c te d .
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Phloem . C e ll  c o n te n ts  and w a l ls  o f  m ost parenchym atous 

c e l l s  were s t a in e d  b la c k ;  w a l ls  o f  m ost were very  t h i c k .

Ray c e l l s  were very  much d i s t o r t e d .  L o n g i tu d in a l  parenchyma 

and s ie v e  tu b es  d id  n o t  show much c o l la p s e ,  a lth o u g h  s ie v e  

p l a t e s  and ex tru d ed  n u c l e o l i  were ve ry  d i f f i c u l t  to  d e t e c t .

f .  F i f ty - s e v e n  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Most le a v e s  had tu rn ed  brown; d i s ­

co lo re d  s p o ts  were sp read in g  to  u p p e r  p o r t io n s  o f  th e  t ru n k .

Cambial r e g io n . C ell  w a l ls  were ve ry  th i c k ,  d i s t o r t e d ,  

and were s t a r t i n g  to  c o l l a p s e .

Xylem. C on ten ts  o f  ray  c e l l s  c lo s e s t  to  th e  cambium 

s t a r t e d  to  darken .

Phloem. C ond ition  about th e  same as  a t  51 days.

g . S ix ty - fo u r  days a f t e r  t r e a t i n g

F ie ld  o b s e r v a t io n s . Appearance o f  t r e e  about th e  same 

as  a t  57 days.

Cambial r e g io n . C ollapse  o f  c e l l s  was becoming very  

g e n e ra l  th roughou t th e  e n t i r e  cam bial re g io n .

Xylem. No change from 57 days. 

phloem . No change from 57 days.

h . S eventy-one days a f t e r  t r e a t i n g  ( see  F ig u res  33 and 34)

F ie ld  o b s e r v a t io n s . A ll le a v e s  were brown bu t very  

l i t t l e  d e f o l i a t i o n  had tak en  p la c e .  Sprayed a re a  o f  tru n k
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had tu rn e d  brown; above sprayed p o r t io n  l a r g e  a re a s  o f  o r ­

ange bark  were fo rm ing .

Cambium. E n t i r e  re g io n  was in  a s t a t e  o f  sev e re  c o l ­

l a p s e ;  c e l l  w a l l s  were b lack  and d i s t o r t e d ,  form ing a ta n ­

g e n t i a l  band o f  d i s i n t e g r a t e d  m a te r i a l .

Xylem. A few c e l l s  im m edia te ly  a d ja c e n t  to  t h e  cam bial 

re g io n  were observed  to  be c o l la p s in g .  Except f o r  th e s e  

c e l l s ,  th e  xylem was i n t a c t .

Phloem. General c o l l a p s e  and d i s t o r t i o n  was n o ted  ad­

ja c e n t  to  th e  cambial r e g io n .  F a r th e r  o u t ,  most c e l l s ,  ex­

cep t  f i b e r s  and s c l e r e id s ,  had abnorm ally  th i c k  w a lls  and 

many were in  a s t a t e  o f  p a r t i a l  c o l la p s e .  This c o n d it io n  

gave th e  appearance  o f  v e ry  sm all c e l l  c a v i t i e s  (compare 

F ig u re s  34 and 35) . S ieve  p l a t e s  and ex tru d ed  n u c le o l i  

could  no t be d e te c te d .  F ib e r s  and s c l e r e i d s  were no t dam­

aged. The phloem was ve ry  s im i la r  in  appearance to  th e  

phloem o f  2 ,4 ,5 -T  t r e a t e d  m a te r i a l .  This c o n d it io n  can be 

seen by comparing F ig u re s  30 and 33.

C. Appearance o f  t h e  Cambial Region and A djacen t Stem 

T issu es  R e s u l t in g  from Chemical T reatm ents  

A pplied  on D if f e r e n t  Dates

T rees used  f o r  t h i s  s tudy  were t r e a t e d  on d i f f e r e n t  

d a te s  d u rin g  th e  growing seaso n . A ll  samples were o b ta in e d
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56 days a f t e r  t r e a t i n g ,  and were removed' from th e  stem a t  

approx im ate ly  5 f e e t  above th e  ground (see  Table IV ).

1. The Appearance o f  Stem T issu es  Taken from T rees  T rea ted  

on D if f e r e n t  Dates w ith  Sodium Mo no ch lo ro  a c e t a t e  in  

F r i l l s

a . . Tree t r e a t e d  on June 24 (se e  F ig .  22)

F ie ld  o b s e r v a t io n s . Tree was com plete ly  d e f o l i a t e d .  

Stem bark  was b lack  from th e  f r i l l  to  th e  to p  o f  th e  t r e e  

w ith  on ly  a few narrow  green  s t r e a k s  rem ain ing .

Cambial r e g io n . I t  was Im p o ss ib le  to  d i s t in g u i s h  i n ­

d iv id u a l  c e l l s  in  th e  cambium. The e n t i r e  re g io n  was se ­

v e r e ly  c o l la p s e d .  C e ll  c o n te n ts  and w a lls  were s ta in e d  

b lack  and seemed to  be fu sed  to g e th e r .  In  many p la c e s  th e  

p a th  o f  ra y s  could  n o t  be fo llow ed .

Xylem. Many newly-form ed c e l l s  were beg inn ing  to  show 

s ig n s  o f  c o l l a p s e .  Ray c e l l s  a d ja c e n t  to  th e  cambial re g io n  

were d i s t o r t e d  and in  an e a r ly  s t a t e  o f  c o l la p s e .

Fhloesm. C o llap se  and d i s i n t e g r a t i o n  was g en e ra l  

th roughout th e  e n t i r e  r e g io n .  F ib e r s  and s c l e r e id s  o f t e n  

appeared as  i s o l a t e d  groups because o f  th e  d i s i n t e g r a t i o n  

and c o l la p s e  o f  parenchym atous c e l l s  around them. I t  was 

ex trem ely  d i f f i c u l t  to  i d e n t i f y  d i f f e r e n t  ty p e s  o f  p a ren ­

chymatous c e l l s  i n  some p l a c e s .  Rays appeared  as s o l i d  

b lack  l i n e s  t w i s t in g  through th e  phloem. Where s ie v e  tu b e s
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could "be d i s t in g u i s h e d ,  i t  was d i f f i c u l t  to  l o c a t e  s ie v e  

p l a t e s .  Extruded n u c l e o l i  were n o t  observed  in  th e  p h loen .

b . Tree t r e a t e d  on J u ly  5(see F ig .  36)

F ie ld  o b s e r v a t io n s . Tree was p a r t i a l l y  d e f o l i a t e d ;  a l l  

rem ain ing  le a v e s  were brown. Stem bark was b lackened  f o r  

about 4 f e e t  above f r i l l .

Cambial r e g io n . C e lls  were observed  to  be i n  an e a r ly  

s ta g e  o f  c o l la p s e ;  w a l l s  were d i s i n t e g r a t i n g  in  some p la c e s ,  

in  o th e r s  th e y  were th ic k e n in g .

Xylem. A few o f  th e  la s t - fo r m e d  c e l l s  were i n  a s t a t e  

o f  c o l la p s e ,  le a v in g  sm all ,  i s o l a t e d  lacu n ae  between cambial 

re g io n  and xylem. Ray c e l l s  were d i s i n t e g r a t i n g  in  some 

p la c e s  a d ja c e n t  to  t h e  cambium. O th er  ray  c e l l s  were ob­

se rved  to  have b lackened  c e l l  c o n te n ts .

Phloem. Much o f  th e  phloem a d ja c e n t  to  t h e  cambium was 

in  an advanced s ta g e  o f  d i s i n t e g r a t i o n .  F a r th e r  o u t  many 

c e l l s  had th ic k  b lack  w a l ls ;  some c o l la p s e  was e v id e n t  and 

in  some a re a s  f i b e r s  and s c l e r e i d s  appeared  as i s o l a t e d  

g roups . Ray c e l l s  were becoming b lackened  and v e ry  much d i s ­

t o r t e d .

c. Tree t r e a t e d  on J u ly  9.

F ie ld  o b s e r v a t io n s . Tree was p a r t i a l l y  d e f o l i a te d ;  a l l  

rem ain ing  le a v e s  had tu rn e d  b la c k .  Trunk was g reen  except
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f o r  one b lack  s t r e a k  about 6 in c h e s  wide which extended from 

th e  f r i l l  to  th e  top  o f  th e  t r e e .

Cambial r e g io n . Very l i t t l e  damage was n o ted ; some 

c e l l s  were in  an e a r ly  s t a t e  o f  c o l l a p s e ,  w h ile  o t h e r s  ap­

p a r e n t ly  were n o t  damaged.

Xylem. No damage cou ld  be d e te c te d .

P h lo o n . Very l i t t l e  damage was n o ted  in  th e  l o n g i tu ­

d in a l  and ray  parenchyma c e l l s .  Some s iev e  tu b e s  a d ja c e n t  

to  th e  cambial r e g io n  were In  an e a r ly  s t a t e  o f  c o l la p s e .  

Many appeared to  be norm al, hav ing  n o rm al-ap pearing  s ie v e  

p l a t e s  bu t no ex tru d ed  n u c l e o l i .  Very l i t t l e  w all th ic k e n ­

ing  was o b se rv ed . B lackening  o f  w a l ls  and c e l l  c o n te n ts  was 

found in  i s o l a t e d  c e l l s ;  most o f  them were n e a r  th e  cambial 

re g io n .

2. The Appearance o f  Stem T issu es  Taken from Trees T rea ted  on 

D i f f e re n t  Dates w ith  a Basal Spray o f  2 ,4 ,5 -T  E s te r

a . Tree t r e a t e d  on June 24 (s e e  F ig .  26)

F ie ld  o b s e r v a t io n s . A pproxim ately one h a l f  o f  th e  

le a v e s  had tu rn e d  brown; t h e  o th e r s  were co lo red  re d  and 

yellow . The low er p o r t i o n  o f  th e  t ru n k  was dying in  l o c a l ­

iz e d  s p o ts ;  upper r e g io n  o f  th e  stem d id  n o t  seem to  be dam­

aged.

Cambial r e g io n . C ell w a l l s  were s t a r t i n g  to  c o l la p s e  

and become d i s t o r t e d .  C e l ls  seemed to  be devoid o f  c o n te n ts .
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Xylem. In  some p la c e s ,  newly-form ed c e l l s  were c o l­

la p s e d  and w a l ls  were d i s i n t e g r a t i n g ,  causing  numerous sm all 

lacu n ae  between cambial re g io n  and xylem.

Phloem. The phloem was c h a ra c te r iz e d  by c o l la p se d  

c e l l s ,  th ic k  dark  w a l l s ,  and absence o f  ex truded  n u c l e o l i  

and s iev e  p l a t e s .  Thick t a n g e n t i a l  bands o f  w all m a t e r i a l  

could be seen  a t  v a r io u s  p la c e s  in  th e  phloem. In  o t h e r s ,  

c e l l  w a l ls  were th ic k  and very  dark b u t  th e  c e l l s  had n o t  

c o l la p se d .  Those which had n o t  c o l la p s e d  were rounded o r  

o v a l .

b . Tree t r e a t e d  on J u ly  3

F ie ld  o b s e r v a t io n s . A ll  le a v e s  tu rn ed  brown, bu t ap­

p a r e n t ly  a l l  were s t i l l  a t ta c h e d .

Cambial r e g io n . Some evidence o f  w a l l s  becoming r i g i d ;  

o th e rw ise  no damage was observed .

Xylem. No damage n o ted  except a few ra y  c e l l s  had 

dark-brown c o n te n ts .

Phloem. Some c o l la p s e  and some w all th ic k e n in g  was 

no ted , bu t n o t  as  pronounced a s  in  th e  t r e e  t r e a t e d  on June 

84. Many l o n g i tu d in a l  and ray  parenchyma c e l l s  had dark 

c o n te n ts .

c. Tree t r e a t e d  on J u ly  9

F ie ld  o b s e r v a t io n s . Most le a v e s  were co lo red  re d  and 

yellow ; on ly  a few were brown. No evidence o f  stem in ju r y  
co u ld  be d e te c te d .
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Cambial r e g io n . C e lls  were in  app rox im ate ly  th e  same 

c o n d i t io n  as th o s e  d e sc r ib e d  f o r  t r e e  t r e a t e d  on J u ly  9. 

Xylem. No damage could  be d e te c te d .

Phloem. Some c o l la p s e  and w all th ic k e n in g  was n o te d .  

Parenchyma c e l l s  had d a rk -c o lo re d  c o n te n ts .

d. Tree t r e a t e d  on J u ly  15 ( s e e  P ig .  37)

F ie ld  o b s e r v a t io n s . Appearance was abou t th e  same as 

t h a t  o f  t r e e  t r e a t e d  on J u ly  9.

Cambial r e g io n . No damage could  d e te c te d .

Xylem. Damage cou ld  be d e te c te d  in  c e l l  w a l l s .  The 

c o n te n ts  o f  some ra y  and lo n g i tu d in a l  parenchyma c e l l s  were 

s ta in e d  a very  dark brown.

Phloem. Very l i t t l e  w a ll  d i s t o r t i o n  was n o ted , b u t  

w all th ic k e n in g  was becoming q u i t e  g e n e ra l .  S ieve p l a t e s  

were ex trem ely  d i f f i c u l t  to  d e t e c t .  C ell c o n te n ts  i n  many 

c e l l s  were q u i t e  g ra n u la r  and in  many c e l l s  were s ta in e d  a 

deep p u rp le .

5, The Appearance o f  Stem T is su e s  Taken from Trees T re a ted  

on D if fe re n t  Dates w ith  2,4-D  E s te r  A pplied  as a Basal 

Spray

a. Tree t r e a t e d  on June  24.

F ie ld  o b s e r v a t io n s . Leaves were s t a r t i n g  to  t u r n  v a r i ­

ous shades o f  re d  and ye llo w . A few d is c o lo re d  sp o ts  were
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found on th e  low er 10 f e e t  o f  th e  t ru n k .  Most o f  th e  d i s ­

co lo red  sp o ts  were exuding a re s in o u s  f l u i d .

Cambial r e g io n . No damage could  be d e te c te d .

Xylem. No damage could  be d e te c te d .

Phloem. C e ll  c o n te n ts  were very  dark . Thw w a l ls  o f

most parenchymatous c e l l s ,  e s p e c i a l l y  s ie v e  tu b e s ,  were be­

coming ve ry  th ic k ;  no ev idence  o f  c o l la p s e  was d e te c te d .

b .  Tree t r e a t e d  on J u ly  5

F ie ld  o b s e r v a t io n s . A few le a v e s  were tu rn in g  c o lo r .  

Trunk appeared to  be undamaged.

Cambial r e g io n . No damage cou ld  be d e te c te d .

Xylem. No damage could be d e te c te d .

Phloem. About t h e  same as r e p o r te d  f o r  t r e e  t r e a t e d  on 

June 24.

c. Tree t r e a t e d  on J u ly  9

F ie ld  o b s e r v a t io n s . A few co lo red  le a v e s  were observed . 

No ev idence o f  stem damage was found.

Cambial r e g io n . No damage could be d e te c te d .

Xylem. No damage could  be d e te c te d .

Phloem. Very l i t t l e  damage was o b se rv ed . Some e v i­

dence o f  w a ll  th ic k e n in g  was seen , bu t no c o l la p s e  o r  d i s i n ­

t e g r a t io n  could be found.

d. Tree t r e a t e d  on J u ly  15 (see  F ig .  38)

F ie ld  o b s e rv a t io n s .  No damage o f  anykihd was o bserved .
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Cambial r e g io n ,  xylem, and phloem.. No damage o f  any 

ty p e  was n o te d .  A ll c e l l s  appeared  to be norm al. T h is  can 

be seen by comparing F ig u re s  18 and 38.

E f f e c t s  o f  2 , 4 , 5-T E s te r  a t  D i f f e r e n t  H e ig h ts  

in  th e  Tree Stem

Samplesfbr th e s e  o b s e rv a t io n s  were o b ta in e d  from t r e e  

Dl. This t r e e  was t r e a t e d  w ith  a b a s a l  sp ray  on June 4 and 

f e l l e d  80 days a f t e r  t r e a t i n g .  Samples were removed from 

th e  stem a t  v a r io u s  i n t e r v a l s ,  from th e  sprayed  a re a  to  th e  

t i p  o f  th e  l e a d e r .

At th e  time o f  f e l l i n g ,  th e  t r e e  was com ple te ly  d e f o l i ­

a te d ,  and th e  bark  o f  th e  stem was com pletely  d is c o lo re d .

The bark  o f  th e  sp rayed  a re a  was a s o l id  brown; above th e  

sp rayed  a rea  i t  was a v a r ie g a te d  orange and brown. The bark  

cou ld  be p ee le d  from around th e  sprayed a re a  bu t was t i g h t  

on th e  rem ainder o f  th e  s ta n .  Branches were b lackened  and 

bark  was p e e l in g  f o r  a d is ta n c e  o f  about 18 in c h e s  back to 

th e  t i p s .  The p o r t i o n  from t h e  tru n k  ou t to  t h e  t i p  was 

co lo red  th e  same as th e  t ru n k .  The t i p  o f  th e  l e a d e r  was 

b lackened  th e  same as t h e  branch t i p s .

a .  O b se rv a tio n s  on a sample tak en  fiom th e  sprayed  a re a  ( s e e  

F ig .  39)

Cambial r e g io n . C e lls  o f  th e  cambial a re a  were i n  a 
g e n e ra l  s t a t e  o f  c o l l a p s e .  The w a l ls  appeared  to be in  an
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advanced s ta g e  o f  d i s i n t e g r a t i o n ;  i t  was very  d i f f i c u l t  to  

determ ine  in d iv id u a l  c e l l s .  W alls and c o n te n ts  were ob­

se rved  to  be v e ry  dark . Ray c e l l s  cou ld  n o t  be t r a c e d  

through th e  cambial r e g io n .

Xylem. The w a l ls  o f  some c e l l s  a d ja c e n t  to  th e  cambial 

re g io n  had c o l la p se d ,  causing  sm all lacu n ae  between cambial 

zone and xylem.

Phloem. Many c e l l s ,  m o s tly  s ie v e  tu b e s ,  a d ja c e n t  to  

th e  cambial re g io n  were in  a p a r t i a l  s t a t e  o f  c o l l a p s e .

Rays were very  d i s t o r t e d  n e a r  th e  cambial re g io n ,  and w all 

th ic k e n in g  o f  a l l  c e l l s  was g e n e ra l .

b . O bserva tions  on a sample from 5 f e e t  above ground (see  

F ig .  40)

AL1 t i s s u e s  appeared  to  be th e  same as th o se  o f  th e  

sprayed a re a .  T h is  can be i l l u s t r a t e d  by comparing F ig u re s  

39 and 40.

c. O b se rv a tio n s  on a sample from 10 f e e t  above th e  ground.

Cambial r e g io n . Very l i t t l e  damage was observed  in  th e  

cambial re g io n .  Some c o l la p s e  was n o te d  in  a few c e l l s .

Xylem. Most c e l l s  appeared  undamaged; a sm all number 

o f  la s t - fo rm e d  c e l l s  had c o l la p s e d  w a l ls .

Phloem. Very l i t t l e  c o l la p s e  was no ted ; c e l l  w all 

th ic k e n in g  was g e n e ra l  th roughou t th e  phloem.
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d. O b se rv a tio n s  on a sample from 15 f e e t  above th e  ground.

Cambial r e g io n . Very e a r ly  s ta g e s  o f  c o l la p s e  were

no ted  i n  a few c e l l s .

Xylem. No damage cou ld  be d e te c te d .

Phloem. Some w all  th ic k e n in g  was n o te d .  Some s ie v e  

p l a t e s  were v i s i b l e ,  b u t  w a l ls  c o n ta in in g  them were becoming 

th ic k  and were i n  an e a r ly  s ta g e  o f  c o l la p s e .

e . O bserva tions  on a sample from 20 f e e t  above th e  ground.

Cambial r e g io n . No damage was d e te c te d .

Xylem. No damage was d e te c te d .

Phloem. Some w all th ic k e n in g  no ted ; very  l i t t l e  c o l ­

la p s e  was seen . Some ex truded  n u c le o l i  were v i s i b l e  and a l ­

so a few s ie v e  p l a t e s .

f .  O b se rv a tio n s  on a sample from 55 f e e t  above th e  ground 

(see  F ig .  41)

A ll t i s s u e s  were in  about th e  same c o n d i t io n  as r e p o r t ­

ed f o r  20 f e e t .

g. O bse rva tio ns  on a sample from th e  b lackened  p o r t io n  in  

th e  t i p  o f  th e  l e a d e r  (see  F ig .  42)

Cambial r e g io n . Cambial re g io n  was com ple te ly  k i l l e d  

and appeared as an a lm ost s o l id ,  b la c k ,  t a n g e n t i a l  band o f  

m a te r i a l .  I t  was im p o ss ib le  to  d i s t in g u i s h  between w a l ls  

and c e l l  c o n te n ts ;  b o th  were b lack  and fu sed  to g e th e r .
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Xylem. L as t- fo rm ed  c e l l s  were bad ly  d i s t o r t e d  in  

sp o ts ;  many appeared  to  be in  an in te rm e d ia te  s ta g e  o f  c o l­

l a p s e .

Phloem. C ell  c o n te n ts  and w a l ls  were b lackened  and 

fused  to g e th e r .  I t  was im p o ss ib le  to d i s t in g u i s h  d i f f e r e n t  

ty p e s  o f  parenchymatous c e l l s .  The f i b e r s  and s c l e r e id s  

were th e  on ly  c e l l s  t h a t  appeared  to  be undamaged.

E. M isce llan eo u s  O bserv a tio ns

1 . The E f fe c ts  o f  Doubling th e  C oncen tra tion  o f  2 ,4 ,5 -T  

E s te r

These o b s e rv a t io n s  were made on samples removed from 

th e  stem o f  t r e e  IK -49, t r e a t e d  by th e  b a sa l  sp ray  method on 

June 24. The samples were o b ta in e d  on th e  same days as 

th o se  f o r  th e  t r e e  t r e a t e d  w ith  s in g le  s t r e n g th  2 ,4 ,5 -T  

(see  Table I I I ) .  In fo rm a tio n  re g a rd in g  o b s e rv a t io n s  on 

s in g le  s t r e n g th  samples can be found i n  s e c t io n  VI, B-2.

Even though le a v e s  o f  t h e  t r e e  t r e a t e d  w ith  double 

s t r e n g th  s o lu t io n  had been damaged more q u ick ly  th an  th o se  

o f  th e  t r e e  t r e a t e d  w ith  a s in g le  s t r e n g th  s o lu t io n ,  th e  ap­

pearance  o f  th e  t r e e  stem s in  th e  f i e l d  was q u i t e  s i m i l a r .

O b se rv a tio n s  made on th e  anatomy o f  th e  cambial re g io n  

and a d ja c e n t  t i s s u e s  f a i l e d  to  d i s c lo s e  any s i g n i f i c a n t  d i f ­

f e re n c e s  between th e  two c o n c e n tra t io n s  u sed . This was t r u e  

f o r  s l i d e s  examined a t  each t im e  i n t e r v a l  a f t e r  t r e a t i n g .  A
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comparison between F ig u re s  30 and 43 w i l l  show t h a t  t h e  de­

gree  o f  i n ju r y ,  71 days a f t e r  t r e a t i n g ,  was about th e  same 

f o r  bo th  c o n c e n t r a t io n s .

2. The E f f e c t s  o f  Chemicals on Twigs

Samples were removed from tw igs when th e  ou te rm o st 6 to  

8 in ch es  were b lacken ed . I n  each in s ta n c e  one sample was 

taken  from th e  b lackened  p o r t io n ;  tw igs  were app rox im ate ly  

o n e -e ig h th  in ch  in  d iam eter  in  t h i s  re g io n .  A second 

sample was a lso  removed app rox im ate ly  2 f e e t  below th e  p o in t  

o f  l e a f  a tta ch m en t.  Twigs averaged about t h r e e - e ig h th s  o f  an 

inch  in  d iam eter a t  t h i s  p o in t .  Twig bark  was n o t  b lackened  

in  t h i s  a rea ,  a ltho ugh  i t  f r e q u e n t ly  was d i s c o lo re d .

The e f f e c t s  o f  th e  v a r io u s  chemical t re a tm e n ts  were 

very  s im i l a r  on tw ig s .  T here fo re , o n ly  o b s e rv a t io n s  made on 

samples taken  from a tw ig  t r e a t e d  w ith  2 ,4 ,5 -T  have been 

d e sc r ib e d .  T he .on ly  n o t i c e a b le  e f f e c t  in  samples taken  2 

f e e t  below l e a f  a ttachm en t was a s l i g h t  th ic k e n in g  o f  some 

o f  th e  parenchym atous c e l l  w a l l s .  I n  samples removed from 

th e  b lackened  p o r t io n  o f  th e  tw igs, th e  cambium was d i s t o r t ­

ed and c o l lap sed ;  w a l l s  and c e l l  c o n te n ts  were com plete ly  

b lackened . A ll parenchyma c e l l s ,  in c lu d in g  th o se  o f  th e  

phloem, xylem, and p i t h  had d a rk -c o lo re d  w a l ls  and b lackened  

c e l l  c o n te n ts .  C e l ls  i n  th e  phloem were a f f e c te d  more than  

th o se  o f  th e  xylem o r  p i t h .  A comparison between u n t r e a te d  

and t r e a t e d  tw ig s  can be seen in  F ig u re s  44 and 45.
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3. The E f f e c ts  o f  Chemical T reatm ent on Leaves

Leaves were c o l l e c t e d  when th e y  had become b lackened  

and were p a r t i a l l y  d r ie d  o u t .  Samples were removed from 

t h a t  p o r t io n  o f  th e  b la d e  c o n ta in in g  th e  m id rib  o f  th e  l e a f .  

The e f f e c t s  o f  th e  chem ical t re a tm e n ts  were v e ry  s im i l a r ,  and 

only th e  o b s e rv a t io n s  made on a l e a f  o f  a t r e e  t r e a t e d  w ith  

2,4-D e s t e r  have been d esc r ib ed .

a . D esc r ip t io n  o f  p o r t io n s  o f  an u n t r e a te d  l e a f  ( see F ig u re s  

46 and 47)

M idrib  p o r t i o n . The m id rib  p o r t io n  o f  th e  l e a f  b lad e  

c o n ta in s  one l a r g e  v a s c u la r  bund le . The bundle  i s  e n c i r c l e d  

by a bundle sh ea th  o f  f i b e r s .  This r in g  appears  to  be t h i c k ­

e r  In  th e  d o rsa l  and v e n t r a l  p o r t io n s  than  In  th e  s id e  a reas , 

as d esc r ib ed  by Eames and McDaniels (9 6 ) . The d o rs a l  p o r ­

t i o n  o f  th e  v a s c u la r  b u n d le  c o n ta in s  th e  elem ents o f  th e  

phloem, p r i n c i p a l l y  s ie v e  tu b e s ,  companion c e l l s  and lo n g i ­

tu d in a l  parenchyma. The v e n t r a l  p o r t io n  o f  th e  bundle i s  

composed o f  xylem e lem ents: namely, v e s s e l s ,  f i b e r s ,  and

lo n g i tu d in a l  parenchyma. Between th e  bundle  and th e  l e a f  

ep iderm is, u n d i f f e r e n t i a t e d  parenchyma c e l l s ,  c r y s t a l l i f e r -  

ous c e l l s ,  and a l a y e r  o f  th ic k -w a l le d  collenchyma c e l l s  

could be seen .

Blade p o r t io n  a d ja c e n t  to  m id r ib . The blad_e o f  th e  

l e a f ,  a d ja c e n t  to  th e  m id r ib ,  i s  made up o f u pper and low er 

ep id e rm is , p a l i s a d e  c e l l s ,  and spongy m esophy ll. The p a l i -
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sade l a y e r  i s  l o c a te d  in  th e  v e n t r a l  p o r t io n  o f  th e  "blade 

and i s  a rran g ed  in  two h o r i z o n ta l  l a y e r s ,  im m edia tely  "below 

th e  upper e p id e rm is .  These l a y e r s  occupy w e ll  over t h e  up­

p e r  h a l f  o f  th e  l e a f  b la d e .  The spongy m esophyll i s  e v id e n t  

in  th e  d o rs a l  p o r t io n  o f  th e  b la d e ,  and o ccu p ie s  a l l  th e  

space between th e  p a l i s a d e  l a y e r  and low er ep iderm is . The 

spongy m esophyll appears  as a lo o s e  network w ith  numerous 

void  spaces between c e l l s .  At th e  tim e o f  c o l l e c t io n ,  

c h lo ro p la s t s  were v e ry  numerous and could  be d e te c te d  in  th e  

c e l l s  o f  th e  p a l i s a d e  l a y e r  and spongy m esophy ll.

b. D e sc r ip t io n  o f  p o r t io n s  o f  a t r e a t e d  l e a f  (see  F ig u re s  48 

and 49)

M idrib  p o r t i o n . A ll  phloem c e l l s  i n  th e  v a s c u la r  

bundle were com ple te ly  c o l la p s e d ,  W alls appeared d i s t o r t e d  

and d r ie d  up. C ontents were b lackened , and in  many ca se s  

could n o t  be se p a ra te d  from w all m a t e r i a l .  I d e n t i t y  o f  th e  

in d iv id u a l  c e l l  ty p es  was im p o ss ib le .  A ll  parenchym atous 

t i s s u e  i n  th e  xylem appeared  to  be dead. C e ll  c o n te n ts  and 

w a l ls  were b lack  and cou ld  n o t  always be s e p a ra te d .  No dam­

age was d e te c te d  in  v e s s e l  w a l l s .  Parenchymatous c e l l s  o u t ­

s id e  th e  v a s c u la r  bundle  had b lackened  c e l l  c o n te n ts  and 

th ickened  w a l l s  which were p a r t i a l l y  c o l la p s e d .  Epidermal 

c e l l s  and u n d e r ly in g  collenchyma a lso  had dark c e l l  c o n te n ts .

Blade p o r t i o n  a d ja c e n t  to  m id r ib . I t  was p r a c t i c a l l y  

im p o ss ib le  to  i d e n t i f y  in d iv id u a l  c e l l s  except in  th e  ep i-
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dermal l a y e r s .  W alls and c o n te n ts  were b lack en ed  and fu se d  

t o g e th e r .  No c h lo r o p la s t s  could  be d e te c te d  because  o f  t h i s  

c o n d i t io n .  The e n t i r e  b lad e  p o r t io n  seemed to  have con­

t r a c t e d ,  r e s u l t i n g  in  a much t h i n n e r  c ro ss  s e c t io n  th a n  t h a t  

o f u n t r e a te d  m a t e r i a l .

4 . The E f f e c t s  o f  Chemical Treatm ents on th e  Main Hoots

Samples f o r  t h i s  s tudy  were o b ta in e d  from t r e e  Dl.

This was th e  same t r e e  t h a t  was u sed  f o r  th e  stem study de­

s c r ib e d  under s e c t io n  VI-D. I t  was t r e a t e d  w ith  a b a sa l  

sp ray  o f  2 ,4 ,5 -T  on June 4 and samples were c o l l e c te d  80 

days a f t e r  t r e a t i n g .  At th e  t im e  o f  sample c o l l e c t i o n  th e  

t r e e  was com plete ly  d e f o l i a t e d ,  th e  stem bark  above th e  

sprayed a re a  was e n t i r e l y  d is c o lo re d ,  and th e  bark  o f  th e  

sprayed a re a ,  down to th e  r o o t  c o l l a r ,  was b lackened  and 

could be p ee le d  o f f .

Samples were a lso  c o l l e c t e d  from t r e e  HCL7. This t r e e  

was t r e a t e d  w ith  sodium m o noch lo roace ta te  on June 24. The 

c o n d it io n  o f  th e  main ro o t s  o f  t h i s  t r e e  was so s im i l a r  to 

tho se  o f  t r e e  Dl, t h a t  o n ly  th e  ro o t  o f  t r e e  Dl h a s  been de­

s c r ib e d .

The anatomy o f  th e  main ro o t  o f  an u n t r e a te d  t r e e  was 

found to  be e s s e n t i a l l y  th e  same as t h a t  o f  t h e  stem, w ith  a 

few m o d if ic a t io n s  ( s e e  F ig .  50 ). The cambial re g io n  o f  th e  

ro o t  ap p ears  to  be n arrow er th a n  t h a t  o f  th e  stem, and th e  

phloem i s  much w id e r .  Bands o f  f i b e r s  and s c l e r e id s  a re
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much l e s s  f r e q u e n t  in  th e  root* and where they  o cc u r ,  th e  

hands a r e  n a rro w er. At th e  t im e  o f  exam ination , camhial and 

phloem c e l l s  were r i c h  in  c e l l  c o n te n ts .  S iev e  tu b es  were 

w ell developed showing s ie v e  p l a t e s ,  c a l l o s e ,  and ex truded  

n u c l e o l i .  Xylem and phloem c e l l s  im m edia tely  a d ja c e n t  to  

th e  cambial re g io n  were s t i l l  d i f f e r e n t i a t i n g .

The c e l l s  o f  th e  cambial re g io n  o f  th e  t r e a t e d  ro o t  

seemed to  be much more r i g i d  th a n  th o se  o f  th e  u n t r e a te d  

r o o t .  The xylem c e l l s  a l l  appeared  to  be m atu re  and no 

c e l l s  s t i l l  i n  th e  p ro c e s s  o f  d i f f e r e n t i a t i o n  could  be 

found (see  F ig . 5 1 ) .  A d i s t i n c t  absence o f  ex truded  n u c le ­

o l i  was observed  in  th e  phloem. S ieve p l a t e s  were very  d i f ­

f i c u l t  to  l o c a t e  and th o se  t h a t  were p re s e n t  were devoid o f  

c a l lo s e .  The s iev e  tu b e s  them selves had. much s m a l le r  diam­

e t e r s  when compared w ith  u n t r e a te d  m a te r i a l .  C e ll  c o n te n ts  

in  th e  phloem were q u i te  s c a rc e  in  c o n t r a s t  to  th e  u n t r e a te d  

ro o t .  A few o f  th e  w a l l s  were a l i t t l e  d a rk e r  th a n  th o se  o f  

th e  u n t r e a te d  c e l l s ,  b u t  th e r e  was no in d ic a t io n  o f  c o l la p s e  

o r  d i s t o r t i o n  a t  t h i s  t im e . The ro o t  had th e  appearance  o f  

being in  a dormant c o n d i t io n .
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F ig .  13. T ra n sv e rse  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an asp en  stem , showing p ro m in en t s i e v e  
tu b e s  and s ie v e  p l a t e s  w i th  c a l l o s e .  One ex tru d e d  n u c le o lu s  
can be seen a t  ex trem e r i g h t  o f  s e c t i o n .  (205 X.) Sample 
was tak en  5 f e e t  above t h e  g round  from th e  stem o f  an u n ­
t r e a t e d  t r e e  on J u ly  30.

F ig .  14. R a d ia l  s e c t i o n  o f  t h e  cam bial r e g io n  and ad­
j a c e n t  t i s s u e s  o f  an aspen  stem . S iev e  p l a t e s  showing con­
n e c t in g  s t r a n d s  e n c lo se d  i n  heavy  c a l l o s e  can be seen  a t  
r i g h t  o f  th e  s e c t io n ;  two e x tru d e d  n u c l e o l i  a r e  a l s o  v i s i b l e .  
(312 X.) Sample was ta k e n  5 f e e t  above t h e  ground from th e  
s ta i i  o f  an u n t r e a t e d  t r e e  on August 25 .
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Fig* 15. T ra n s v e rs e  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem showing s t a r t  o f  phloem 
and cambial a c t i v i t y .  C e l l s  a r e  expanding and c o n te n t s  
changing from a g ra n u la r ,  to  a s e m i - f l u i d  s t a t e .  Xylem i s  
s t i l l  i n a c t i v e .  (205 X.) Sample was tak en  5 f e e t  above th e  
g round from th e  s t a r  o f  an u n t r e a t e d  t r e e  on A p r i l  24.

F ig .  16* T ra n sv e rse  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen s t a r .  Cambium i s  in  t y p i c a l  
dormant c o n d i t io n ,  c h a r a c t e r i z e d  by f i rm  w a l l s  and r e c ta n g u ­
l a r  c e l l  shape . A ll  c e l l  c o n te n ts  a r e  g r a n u la r  and dark  in  
th e  cambium. N ote ab sen ce  o f  e x t ru d e d  n u c l e o l i .  (205 X.) 
Sample was ta k e n  5 f e e t  above t h e  ground from th e  stem o f  an 
u n t r e a te d  t r e e .
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F ig .  17. T ra n s v e rs e  s e c t io n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen stem , showing a c t i v e l y  d i v id in g  
cambium, expanding s ie v e  tu b e s ,  and new ly-form ed xylem c e l l s  
w ith  t h i n  w a l l s .  (205 X.) Sample was taken  f r o m  5 fe ^ t  above 
t h e  ground from th e  stem o f  an u n t r e a t e d  t r e e  on May 29.

F ig .  18. T ra n s v e r s e  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing d a rk , g r a n u la r  
c e l l  c o n te n ts ,  n a rro w  cam bia l r e g io n ,  and heavy c a l l o s e  f o r ­
m a t io n s .  (205 X.) Sample v/as ta k e n  5 f e e t  above t h e  ground 
from th e  stem o f  an u n t r e a t e d  t r e e  on August 20.
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Fig* 19* T ra n s v e rs e  s e c t i o n  o f  th e  cam bial re g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing d i s t o r t e d  c e l l s  in  
t h e  cam bium , ab sen ce  o f  e x tru d e d  n u c l e o l i ,  and v e ry  t h i c k ,  
d ark  c e l l  w a l l s  i n  t h e  phloem . (205 X.) Sample was t a k e n  5 
f e e t  above th e  ground from th e  stem o f  a t r e e  t r e a t e d  w ith  
sodium m o n o c h lo ro a c e ta te  on lu n e  24; sample was c o l l e c t e d  15 
days a f t e r  t r e a t i n g .

F ig .  20. T ra n s v e rs e  s e c t i o n  o f  th e  phloem , a d ja c e n t  to  
th e  cambial r e g io n ,  showing t h i c k  c e l l  w a l l s .  S ie v e  tu b e  a t  
r i g h t  o f  th e  s e c t i o n  c o n ta in s  s i e v e  p l a t e  w ith  heavy  accumu­
l a t i o n  o f  c a l l o s e .  (700 X.) S e c t io n  was made from same 
sample as was u sed  f o r  F ig u re  19 .
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F ig .  21. T ra n s v e rs e  s e c t io n  o f  t h e  cambial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an asp en  stem . N ote  l a r g e ,  expanded 
s i e v e  tub es , w e ll  d e f in e d  s i e v e  p l a t e s  w ith  c o n n e c t in g  
s t r a n d s ,  and ex tru d e d  n u c l e o l i .  (205 X.) Sample was ta k e n  
5 f e e t  above th e  g round  from  t h e  stem  o f  an u n t r e a t e d  t r e e  
on J u ly  9.

F ig .  22. T ra n s v e rs e  s e c t i o n  o f  t h e  cam bia l r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing s e v e re  c o l l a p s e  
i n  th e  cambium and a d ja c e n t  t i s s u e s ,  b la c k e n e d  ra y  c e l l s ,  
and v o id  a re a s  i n  t h e  phloem . (205 X.) Sample was ta k e n  5 
f e e t  above th e  ground from th e  stem o f  a  t r e e  t r e a t e d  w ith  
sodium m o n o c h lo ro a c e ta te  on June  24; sample was c o l l e c t e d  36 
days a f t e r  t r e a tm e n t .
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F ig . 23* Trans-verse  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an asp en  stem , showing b lack e n ed , d i s ­
t o r t e d  t i s s u e  o f  th e  cam bia l reg io n *  Note numerous la c u n a e  
betw een xylern. and cambium, and l a r g e  v o id s  in  phloem .
(205 X.) Sample was ta k e n  5 f e e t  above th e  ground from th e  
stem o f  a t r e e  t r e a t e d  w i th  sodium m o n o c h lo ro a c e ta te  on June 
24; sample was c o l l e c t e d  71 days a f t e r  t r e a tm e n t .

F ig . .  24. R a d ia l  s e c t io n  o f  cambium and phloem o f  an 
asp en  stem. B lackened  cambium can be seen a t  ex trem e l e f t ;  
b lack en ed  ra y  c e l l s  and d i s i n t e g r a t i o n  o f  phloem parenchym a 
c e l l s  can be seen  a t  t h e  r i g h t  o f  t h e  cambium. (205 X.) 
S e c t io n  made from t h e  same sam ple a s  u sed  f o r  F ig .  25.
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F i g .  25. T ra n s v e r s e  s e c t i o n  o f  th e  cambial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing i n t a c t  cam hial r e ­
g io n  and xylem; some parenchym atou s  c e l l s  o f  t h e  phloem have 
th ic k e n e d  w a l l s .  (205 X.) Sample was taken  a t  5 f e e t  above 
t h e  g r o u n d  from t h e  stem o f  a t r e e  t r e a t e d  w ith  2 ,4 ,5 - T  
e s t e r  on June 24; sam ple was c o l l e c t e d  15 days a f t e r  t r e a t ­
ment .

F ig .  26. T ra n s v e r s e  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen fctem, showing e a r l y  s t a g e s  o f  
c o l l a p s e  in  th e  cambium, and t h i c k - w a l l e d  parenchym atous 
c e l l s  in  th e  phloem . (205 X.) Sample was ta k e n  5 f e e t  
above th e  ground from  th e  stem o f  a t r e e  t r e h t e d  w ith  
2 ,4 ,5 -T  e s t e r  on June 24; sample was c o l l e c t e d  56 days a f t e r  
t r e a tm e n t .
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F ig . 27. T ra n s v e rse  s e c t i o n  o f  t h e  cambial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aapen  stem , showing d e t a i l s  o f  t h i c k ­
ened w a lls  and c o l l a p s e d  c e l l s  i n  t h e  phloem. (700 X.) Sec­
t i o n  was made from  sam ple u s e d  f o r  F ig u re  26.

F ig .  28. T ra n s v e rs e  s e c t i o n  o f  th e  cam bia l r e g io n  and 
a d ja c e n t  t i s s u e s  o f  th e  stem o f  an a sp e n ,  showing advanced 
s t a t e  o f  c o l l a p s e  i n  th e  cambium and a d ja c e n t  phloem  t i s ­
su es ;  parenchym atous c e l l s  i n  xylem  have  b la c k e n e d  c e l l  con­
t e n t s .  (205 X.) Sample was ta k e n  5 f e e t  above t h e  ground 
from th e  stem o f  a  t r e e  t r e a t e d  w ith  2 ,4 ,5 - T  e s t e r  on June 
24; sample was c o l l e c t e d  57 days a f t e r  t r e a tm e n t .
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F ig . 29. R a d ia l  s e c t i o n  o f  t h e  cambial r e g io n  and ad­
j a c e n t  t i s s u e s  o f  th e  stem  o f  a sp en , showing b la c k e n e d  c e l l  
w a l l s  an d  c o n te n t s  i n  t h e  v i c i n i t y  o f  t h e  cambium. (205 X.) 
S e c t io n  was made from  same sample u se d  in  F ig u re  28.

F ig .  30. T ra n s v e rs e  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e  o f  an asp en  stem , showing advanced d i s i n ­
t e g r a t i o n  o f  cambium, and th i c k e n e d  w a l l s  o f  parenchym atous 
c e l l s  in  the  phloem . N ote  la c u n a e  betw een xylem and cam­
bium. (20 5 X.) Sample was ta k e n  from  5 f e e t  above t h e  
ground from th e  stem o f  a t r e e  t r e a t e d  w ith  2 ,4 ,5 - T  e s t e r  
on June 24; sample was c o l l e c t e d  71 days a f t e r  t r e a tm e n t .
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F ig . 31. T ra n s v e rs e  s e c t i o n  o f  t h e  cambial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an asp en  stem , showing b lack en ed  c e l l  
w a l l s  o f th e  cam bia l r e g io n  and t h i c k ,  b lackened  w a l l s  i h  
t h e  phloem. (205 X.) Sample was ta k e n  5 f e e t  above t h e  
ground from th e  stem o f  a t r e e  t r e a t e d  w ith  2 ,4 -D  e s t e r  on 
Ju ne  24; sample was c o l l e c t e d  51 days a f t e r  t r e a tm e n t .

F ig .  32. T ra n s v e r s e  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e  o f  an asp en  stem , showing numerous e x tru d e d  
n u c l e o l i ,  p ro m in en t s i e v e  p l a t e s ,  and c e l l s  r i c h  i n  con­
t e n t s .  (205 X.) Sample was t a k e n  5 f e e t  above t h e  ground 
from  th e  stem o f  an u n t r e a t e d  t r e e  on August 1 4 .





152

Fig* 35. T ra n s v e rs e  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing b lack en ed  c e l l  
c o n te n ts  o f  cambium andphloem , t h i c k  w a l ls  in  t h e  phloem , 
and c o l la p s e  o f  cam b ia l c e l l s .  (205 X.) Sample was ta k e n  5 
f e e t  above th e  g round  from  th e  stem o f  a  t re e "  t r e a t e d  w ith
2,4-rO e s t e r  on June  24; sam ple was c o l l e c t e d  71 days a f t e r  
t r e a tm e n t .

F ig .  54. Phloem  o f  F ig u re  35 a t  h ig h e r  m a g n i f i c a t i o n ,  
showing th ic k e n e d  w a l l s ,  and a b se n c e  o f  s ie v e  p l a t e s  and ex­
t ru d e d  n u c le o l i  i n  s i e v e  t u b e s .  (700 X.)
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F ig . 35. T ra n s v e r s e  s e c t i o n  o f  t h e  phloem, im m ed ia te ly  
a d ja c e n t  t o  t h e  cam b ia l r e g io n ,  showing expanded s ie v e  tu b e s  
w i th  p r o m i n e n t  s i e v e  p l a t e s .  (700 X.) Sample was t a k e n  from 
5 f e e t  a b o v e  t h e  g round  from  th e  stem o f  an u n t r e a t e d  t r e e  on 
September 3.

F ig . 36. T ra n s v e rs e  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem, showing e a r ly  s t a g e s  o f  
c o l l a p s e  in  th e  cam bia l r e g io n ,  b la c k e n e d  phloem and xylem  
ra y  t i s s u e ,  and d i s i n t e g r a t i o n  o f  phloem c e l l s  a d j a c e n t  to  
th e  cambium. (205 X.) Sample was t a k e n  5 f e e t  above t h e  
ground from th e  stem o f  a  t r e e  t r e a t e d  w i th  sodium mono- 
c h lo r o a c e ta te  on J u ly  3; sam ple was c o l l e c t e d  36 days a f t e r  
t r e a tm e n t .
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F ig .  37. T ra n s v e r s e  s e c t i o n  o f  t h e  camhial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing i n t a c t  c e l l  w a l l s  
i n  th e  cambium and xylern, and e a r l y  s ta g e s  o f  c o l l a p s e  i n  
th e  phloem. U o te  t h e  d a rk en ed  c e l l  c o n te n ts  i n  t h e  xylem 
and phloem. (205 X .) Sample was ta k e n  5 f e e t  above t h e  
ground from th e  stem  o f  a  t r e e  t r e a t e d  w ith  2 , 4 , 5 - T e s t e r  on 
J u ly  15; sam ple was c o l l e c t e d  36 days a f t e r  t r e a tm e n t .

F ig .  38. T ra n s v e r s e  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing no e v id e n c e  o f  
damage from ch em ica l t r e a tm e n t .  (205 X.) Sample was ta k e n  
5 f e e t  above t h e  g round from  th e  stem o f  a t r e e  t r e a t e d  w ith
2 ,4-D  on J u ly  15; sam ple  was c o l l e c t e d  36 days a f t e r  t r e a t ­
m ent .
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F ig . 39. T ra n s v e rs e  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an a sp e n  stem , showing c o l l a p s e  o f  cam- 
bium and phloem parenchym a c e l l s  adjacen_t to cambium.
(205 X.) Sample was t a k e n  18 in c h e s  above th e  g round  from  
th e  stem o f a t r e e  t r e a t e d  w ith  2 ,4 ,5 - T  e s t e r  on dune 4; 
sample was co3.1ected 80 days a f t e r  t r e a tm e n t .

F ig . 40. T ra n s v e rs e  s e c t i o n  o f  th e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  t h e  stem  o f  an a sp e n .  C o n d itio n  o f  t h i s  
s e c t io n  i s  com parable  to  t h a t  o f  F ig u re  39. (20 5 X.) Sample
was taken  a t  5 f e e t  from same t r e e  as  u se d  f o r  F ig u re  39.
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F ig .  41* T ra n s v e rs e  s e c t i o n  o f  t h e  eambial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  t h e  stem  o f  an a sp en . Cambium and xylem 
a r e  i n t a c t ;  e a r ly  s t a g e s  o f  c o l l a p s e  and some w a l l  t h i c k e n ­
in g  v i s i b l e  i n  ph loem . (205 X .) Sample was ta k e n  55 f e e t  
above th e  g round  from th e  same t r e e  a s  used  in  F ig u r e s  39 
and 40.

F ig . 42. T ra n s v e r s e  s e c t i o n  o f  t h e  t i p  o f  t h e  l e a d e r  
o f  an aspen stem , showing c o m p le te ly  b lack en ed  and c o l ­
l a p s e d  cambium. Xylem i s  d i s t o r t e d  and phloem i s  b la c k e n e d  
and d i s t o r t e d .  N o te  i n t a c t  f i b e r s  and s c l e r e i d s  i n  ph loem . 
(205 X.) Sample was ta k e n  from th e  l e a d e r  o f  t h e  same t r e e  
as  u sed  f o r  F ig u re s  39, 40, and 41.
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F ig , 43. T ra n s v e rs e  s e c t io n  o f  t i ie  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  stem , showing advanced s ta g e  o f  
d i s i n t e g r a t i o n  o f  cam bial c e l l s ,  la c u n a e  betw een xylem and 
cambium, and t h i c k  parenchym a w a l l s  i n  t h e  phloem . (205 X.) 
Sample was ta k e n  from  5 f e e t  above th e  ground from th e  stem 
o f  a t r e e  t r e a t e d  w i th  a  double  s t r e n g t h  s o lu t io n  o f  2 ,4 ,5 - T  
e s t e r  on dune 24; sam ple was c o l l e c t e d  71 days a f t e r  t r e a t ­
m ent.
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F ig . 44. T ra n s v e r s e  s e c t i o n  o f  a  twig from an u n t r e a t e d  
t r e e ;  c o l le c te d  on A ugust 18 and showing xylem, cambium, 
phloem, and h a rk  c e l l s .  (205 X.)

F ig . 45. T ra n sv e rs e  s e c t i o n  o f  a  tw ig  from a t r e e  
t r e a t e d  w ith 2 ,4-,5-T  e s t e r  on J u ly  9 . Sample was c o l l e c t e d  
40 days a f t e r  t r e a tm e n t .  S e c t io n  shows com p le te ly  c o l l a p s e d  
cambium, b lackened  and d i s i n t e g r a t e d  phloem parenchyma 
c e l l s ,  and some b la c k e n e d  p i t h  c e l l s .  (205 X.)
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Fig. 46. T ra n s v e rs e  s e c t i o n  o f  th e  m id rib  p o r t i o n  o f  
an aspen l e a f ,  showing v a s c u l a r  b u n d le ,  bundle s h e a th ,  and 
surrounding c e l l s .  (205 X.)

F ig . 47. T ra n s v e rs e  s e c t i o n  o f  th e  l e a f  b la d e  immedi­
a t e l y  ad jacen t  to  th e  m id r ib  s e c t i o n  o f  F ig u re  46. E p i­
dermal l a y e r s ,  p a l i s a d e  l a y e r s ,  and spongy m esop hy ll  a r e  
v i s i b l e .  Note p ro m in en t c h l o r o p l a s t s  i n  p a l i s a d e  l a y e r s  and 
spongy m esophyll. (20 5 X.)
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f i g .  48. T ra n s v e r s e  s e c t i o n  o f  t h e  m id rib  o f  a  l e a f  
from  an aspen t r e e  t r e a t e d  w i th  2 ,4 -D  e s t e r  on Tni v q. 
sample was c o l l e c t e d  40 days  a f t e r  t r e a tm e n t  Onrnnie+ew 
blackened and d i s i n t e g r a t e d  phloem i s  v i s i b l 4  w i th in  
c u l a r  bundle. B lackened  r a y  c e l l s  i n  th e  x y L ^  ^ d  b l  *
h e ese?“ en(2 0 tax ? r  ° e l l S  ° U tS ld e  t h e  b u n d l* shea?S  can ^ o

F ig . 49. P o r t i o n  o f  l e a f  "blade a d ja c e n t  to  th e  m id r ib  
d e sc r ib ed  in  F ig u re  48. A l l  c e l l s  o f  p a l i s a d e  l a y e r  and 
spongy m esophyll a r e  b la c k e n e d  and d i s t o r t e d  excep t f o r  a 
few  i n t a c t  f i b e r s .  (205 X.)
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Fig . 50. T ra n s v e r s e  s e c t i o n  o f  th e  cambial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an aspen  r o o t ,  showing ex tru d ed  n u c l e o l i ,  
e x p a n d e d  s ie v e  tu b e s ,  and p ro m in en t s i e v e  p l a t e s .  Sample 
was taken from t h e  m ain  r o o t  o f  an  u n t r e a te d  t r e e ,  about 18 
in c h e s  from t h e  r o o t  c o l l a r .  Sample was c o l l e c t e d  on Septem­
b e r  5.

F ig . 51. T ra n s v e r s e  s e c t i o n  o f  t h e  cam bial r e g io n  and 
a d ja c e n t  t i s s u e s  o f  an a sp e n  r o o t ,  showing c o n t r a c te d  ap­
p ea ran ce  o f s i e v e  tu b e s ,  a b se n c e  o f  e x tru d e d  n u c l e o l i ,  and 
la c k  o f  v i s i b l e  s i e v e  p l a t e s .  (205 X .) Sample was ta k e n  
from the  main r o o t  o f  an aspen  t r e e  t r e a t e d  w ith  2 ,4 ,  5-T 
e s t e r  on Tune 4 .  Sample was c o l l e c t e d  80 days a f t e r  t r e a t ­
m en t.





V II. DISCUSSION AND CONCLUSIONS

A. D iscussion

1 . F i e l d  O b se rv a tio n s

E f f e c t s  o f  chem ical t re a tm e n t  on th e  appearance o f  

t r e e s  and c o n d i t io n  o f  th e  b a r k . A ll chem ical t re a tm e n ts  

r e s u l t e d  in  d ea th  o f  th e  t r e e s .  However, th e  speed o f  k i l l ­

in g  and th e  e x te n t  o f  bark  lo o sen in g  o b ta in ed  were q u i te  

d i f f e r e n t .

Sodium mo no ch lo ro  a c e t a t e  ap p lied  in  f r i l l s  was th e  

f a s t e s t - a c t i n g  chem ica l. The le a v e s  o f  t r e e s  t r e a t e d  by 

t h i s  method tu rn e d  from g reen  to brovm w ith in  a few days and 

had f a l l e n  from most t r e e s  by th e  end o f  23 days. Bark o f  

th e  stem tu rn e d  a s o l i d  b lack  c o lo r  w ith in  a r e l a t i v e l y  

s h o r t  tim e and could  be s t r ip p e d  from th e  stem to a h e ig h t  

o f  about 7 f e e t  above th e  ground when examined 71 days a f t e r  

t r e a t i n g .

B asal sp rays  o f  2 , 4 , 5-T e s t e r  and 2,4-D e s t e r  were th e  

o n ly  o th e r  t r e a tm e n ts  t h a t  showed e x ten s iv e  i n j u r y  during  

summer and autumn im m ediately  fo llow in g  t r e a tm e n t .  Sodium 

mono ch loro  a c e t a t e  a p p l ie d  to  a pee led  g i r d l e  d id  i n ju r e  some 

t r e e s  q u i t e  s e v e re ly  bu t m ost o f  th e  damage o ccu rred  th e
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y e a r  a f t e r  t r e a t i n g .  O th e r  t re a tm e n ts  were on ly  p a r t i a l l y  

e f f e c t i v e ,  even one y e a r  a f t e r  t r e a tm e n t .

The le a v e s  o f  t r e e s  t r e a t e d  w ith  2 , 4 , 5-T and 2,4-D  

tu rn e d  a  b r i l l i a n t  re d  and yellow  f o r  about 3 weeks b e fo re  

changing to  brown and remained a t ta c h e d  to  th e  t r e e  much 

lo n g e r  than  th o se  o f  t r e e s  t r e a t e d  w ith  sodium monochloro- 

a c e t a t e  in  f r i l l s .  The bark  o f  th e  stems became d is c o lo re d  

in  sm all a r e a s  a t  f i r s t .  These a re a s  l a t e r  coa le sced  and 

th e  o u te r  bark  became a s o l id  orange c o lo r .

Although th e  appearance o f  t r e e s  t r e a t e d  w ith  2 , 4 , 5-T 

and 2,4-D  was q u i te  s i m i l a r ,  th e  k i l l i n g  e f f e c t  o f  th e

2 , 4 , 5-T t r e a tm e n t  was much more ra p id ,  and bark  lo o se n in g  

more pronounced. The bark  o f  th e  sprayed a re a  o f  t r e e s  

t r e a t e d  w ith  2 , 4 , 5-T was f a i r l y  lo o s e  when in s p e c te d  71 days 

a f t e r  t r e a t i n g ,  bu t th e  rem ainder o f  th e  stem bark  was 

t i g h t .  On 2,4-D  t r e a t e d  t r e e s ,  t h e  bark was s t i l l  t i g h t  71 

days a f t e r  t r e a tm e n t ,  even on th e  sprayed a r e a s .

An exam ination  made one y ea r  a f t e r  t r e a t i n g  showed 

t h a t  most t r e e s  t r e a t e d  w ith  sodium mono ch loro  a c e ta te  in  

f r i l l s  and t r e e s  t r e a t e d  w ith  2 , 4 , 5-T e s t e r  could  be p e e le d .  

On th e  o th e r  hand, many t r e e s  t r e a te d  w ith  2,4-D s t i l l  r e ­

s i s t e d  p e e l in g .

The e f f e c t iv e n e s s  o f  t r e a tm e n ts  when ap p lied  on d i f f e r ­

en t d a t e s . The d a te  o f  t r e a t i n g  d id  have some e f f e c t  on th e  

speed  and e f f e c t iv e n e s s  o f  chemical t r e a tm e n ts .  I t  was found
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t h a t  e a r l y  t r e a tm e n ts ,  even b e fo re  bud-break , were j u s t  as 

qu ick  and e f f e c t i v e  in  t h e i r  a c t io n  as th o se  which were ap­

p l i e d  when t r e e s  were in  f u l l  l e a f .  T reatm ents made l a t e r  

th a n  J u ly  3 took  lo n g e r  to k i l l  t r e e s  and were l e s s  e f f e c ­

t i v e  in  lo o s e n in g  th e  bark  than  t r e a tm e n ts  ap p lied  e a r l i e r .  

This was e s p e e ia l l j r  t r u e  o f  t r e e s  t r e a t e d  w ith  2 , 4 , 5-T o r

2,4-D . T rees t r e a t e d  w ith  sodium m onoch lo roace ta te  a f t e r  

J u ly  3 d id  n o t  d ie  as  f a s t  as th o se  t r e a t e d  e a r l i e r  in  th e  

season , b u t  th e  bark  p e e le d  in  September j u s t  as e a s i l y  as 

i t  d id  from th e  t r e e s  w ith  th e  e a r l i e r  t r e a tm e n ts .

M isc e l la n e o u s  o b s e r v a t io n s . Exam inations made on th e  

ro o ts  o f  t r e a t e d  t r e e s  f a i l e d  to  d i s c lo s e  any damage. Roots 

o f  t r e e s  t r e a t e d  w ith  sodium mono ch loro  a c e ta t e  were i n s p e c t ­

ed 71 days a f t e r  th e  chem ical was ap p lied , and th e  r o o t s  o f  

t r e e s  t r e a t e d  w ith  2 , 4 , 5-T e s t e r  were examined 80 days a f t e r  

t r e a tm e n t .  In  both  in s ta n c e s  th e  ro o ts  appeared to  be 

h e a l th y ,  a l th o u g h  th e  t r e e s  a p p a re n t ly  were dead down to  th e  

ro o t  c o l l a r .

A ll  chemical t r e a tm e n ts  were more e f f e c t iv e  i n  th e  low­

e r  h a l f  o f  th e  t ru n k  than  they  were in  th e  u pper h a l f .  

Pulpwood s t i c k s  o b ta in e d  from th e  low er re g io n  o f  th e  t ru n k s  

u s u a l ly  p e e le d  much e a s i e r  than  th o se  o b ta in e d  from th e  up­

p e r  p o r t i o n .  This was t r u e  f o r  a l l  chemical t r e a tm e n ts  bu t 

was e s p e c i a l ly  pronounced in  s t i c k s  o b ta in ed  from t r e e s  

t r e a t e d  w ith  2 , 4 , 5-T and 2,4-D .
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I t  was n o ted  t h a t  aspen t r e a t e d  w ith  sodium monochloro- 

a c e t a t e  in  f r i l l s  d ied  f a s t e r  and e v e n tu a l ly  pee led  b e t t e r  

than  t h a t  t r e a t e d  w ith  th e  same chem ical a p p l ie d  to  a p e e le d  

g i r d l e .  I t  waB a lso  found t h a t  f r i l l s  which had been cu t  

in to  th e  sapwood f o r  a t  l e a s t  o n e -h a l f  inch  were more e f f e c ­

t i v e  th an  th o s e  which b a r e ly  scored  th e  wood.

Very l i t t l e  t r a n s lo c a t i o n  i n  th e  l a t e r a l  d i r e c t io n  was 

found in  th e  case  o f  sodium mono ch lo ro  a c e t a t e .  Trees 

f r i l l e d  and t r e a t e d  on one s id e  o f  th e  stem showed stem i n ­

ju ry  on th e  same s id e  o n ly . These f in d in g s  a re  in  agreement 

w ith  th o s e  o f  o th e r  w orkers (8 0 ,6 5 ) .

Allowing t r e a t e d  t r e e s  to  s tan d  o ver w in te r  b e fo re  

f e l l i n g  and p e e l in g  was found to  in c re a s e  g r e a t ly  th e  e f f e c ­

t iv e n e s s  o f  t r e a tm e n ts .  In  many cases  th e  bark co n ta in ed  

lon g  v e r t i c a l  s p l i t s  and was slough ing  o f f  n a t u r a l l y  when 

examined one y e a r  a f t e r  t r e a tm e n t .  However, I t  was a lso  

d isco v e red  t h a t  s ta n d in g  over w in te r  caused a d i s c o lo r a t io n  

i n  th e  o u te r  one Inch o f  sapwood. This d i s c o lo r a t io n  i s  un­

d e s i r a b le  f o r  c e r t a i n  ty p es  o f  p ap e r  p roduc ts , s in c e  ad d i­

t i o n a l  amounts o f  b leach  must be used  in  o rd e r  to  produce a 

p u re  w h ite  p ro d u c t .
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2. Anatom ical Changes in  th e  T issues  o f  Stems, Twigs,

L eaves, and R oots.

a . P ro g re s s iv e  e f f e c t s  o f  chem ical t r e a tm e n ts  on th e  cambial 

Region and a d ja c e n t  t i s s u e s  o f  th e  stem.

E f f e c t s  o f  sodium mono ch loro  a c e t a t e . C e l ls  o f  th e  cam­

b i a l  re g io n  were d i s t o r t e d  and p a r t i a l l y  c o l la p se d  15 days 

a f t e r  t r e a tm e n t .  C ell c o n te n ts  became darlc and, a s  more 

tim e e la p se d ,  c e l l  c o l l a p s e  became g en e ra l  and very  severe  

th ro ugho u t th e  r e g io n .  This was fo llow ed  by d i s i n t e g r a t i o n  

o f  c e l l  w a l l s  and c o n te n ts .  E v en tu a lly  th e  e n t i r e  cambial 

reg io n  was tran sfo rm ed  in to  t a n g e n t i a l  bands o f  b lackened , 

s t r u c t u r e l e s s  c e l l  w a l ls  and c e l l  c o n te n ts .  This co n d it io n  

can be observed  i n  F ig u re  23.

The m ature  v e s s e l s  and f i b e r s  o f  th e  xylem were n o t  a f ­

f e c te d  by th e  t r e a tm e n t .  On th e  o th e r  hand, th e  w a l ls  o f  

new ly-foim ed xylem elem ents showed s ig n s  o f  c o l la p s e  15 days 

a f t e r  t r e a tm e n t .  This co n d it io n  became more pronounced un­

t i l  c o l la p s e  was g e n e ra l  in  t h i s  p a r t  o f  th e  xylem, fo llow ed  

by c e l l  w all d i s i n t e g r a t i o n .  The r e s u l t  was th e  appearance 

o f  numerous la cu n a e  between xylem and th e  cambial re g io n .

Ray and lo n g i tu d in a l  parenchyma c e l l s  o f  th e  xylem f r e q u e n t ­

l y  e x h ib i t e d  b lackened  w a l ls  and c o n te n ts ,  a lthough  th e se  

c e l l s  c o l la p s e d  o n ly  im m ediately  ad ja c e n t  to  t h e  cambial r e ­

g io n .
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The phloem was s e v e re ly  a t ta c k e d ,  even as e a r ly  as  15 

days a f t e r  t r e a tm e n t . The w a lls  o f  most parenchym atous 

c e l l s  "became "blackened and in c re a se d  in  th ic k n e s s ;  c e l l s  

were tw i s t e d  and d i s t o r t e d ,  and in  p a r t i a l  c o l la p s e .  L a te r  

on, c o l l a p s e  "became sev e re , e s p e c ia l ly  in  th e  s ie v e  tu b e s ,  

and th en  a g ra d u a l  d i s i n t e g r a t i o n  took p la c e .  This d i s i n ­

t e g r a t i o n  became p r o g r e s s iv e ly  g r e a te r ,  and a f t e r  71 days 

l a r g e  v o id s  were formed between bands c o n s i s t in g  o f  i n t a c t  

f i b e r s  and s c l e r e i d s  and rem aining parenchymatous c e l l s .  

S ieve p l a t e s  were v e ry  d i f f i c u l t  to  d e te c t  in  th e  t r e a t e d  

s e c t io n s .  This a p p a re n t ly  was due to th e  f a c t  t h a t  th e  

w a l ls  c o n ta in in g  th e  p l a t e s  were th ickened  and l i n e d  w ith  

dark cytoplasm  which masked th e  p l a t e s .  The p l a t e s  were a l -
i

so devoid  o f  c a l l o s e  in  many in s ta n c e s ,  which made t h e i r  de­

t e c t i o n  more d i f f i c u l t .  Extruded n u c le o l i  were very  r a r e .

In  many c a se s  none cou ld  be found in  th e  e n t i r e  phloem. The 

ab sen ce  o f  s iev e  p l a t e s  and ex truded  n u c le o l i  can be seen i n  

F ig u re  25. Ray and lo n g i tu d in a l  parenchyma c e l l s  o f  th e  

phloem became b lackened  and d i s t o r t e d  as a r e s u l t  o f  t r e a t ­

m ent. In  many cases  ra y s  d i s in te g r a te d  in  th e  v i c i n i t y  o f  

th e  cam bial re g io n  and assumed a tw is te d  appearance through­

o u t  th e  r e s t  o f  th e  phloem (see  F ig .  22).

The u l t im a t e  e f f e c t s  o f  t h i s  chem ical, as seen 71 days 

a f t e r  t r e a t i n g ,  were com plete c o l la p s e  o f th e  cam bial r e ­

g ion , c o l la p s e  o f  newly-foim ed xylem elem ents, sev e re  co l-
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laps© o f  some parenchym atous c e l l s  i n  th e  phloem, and d i s i n ­

t e g r a t i o n  o f  o th e rs*  Numerous l a r g e  v o id s  were p r e s e n t  in  

th e  phloem* The on ly  c e l l s  t h a t  rem ained i n t a c t  were f i b e r s  

and s c l e r e i d s  in  th e  phloem, and v e s s e l s  and f i b e r s  i n  th e  

2 C y l0 3 1 .

E f f e c t s  o f  2 . 4 , 5-T e s t e r . The e f f e c t s  o f  2 , 4 , 5-T e s t e r  

were q u i t e  s im i l a r  to  th o s e  o f  sodium mono ch lo ro  a c e t a t e  bu t 

much l e s s  severe* The chem ical d id  no t i n j u r e  th e  c e l l s  as 

f a s t  as th e  sodium mono ch lo ro  a c e ta te  d id ,  and when samples 

o f  th e  tw> t r e a tm e n ts  were c o l le c te d  on th e  same day, and a 

comparison made, th e  2 , 4 , 5-T sample was always a f f e c te d  

l e s s .

P i f t e e n  days a f t e r  t r e a t in g ,  on ly  a few parenchymatous 

c e l l s  o f  th e  phloem were damaged. These had th ick en ed  w a l ls  

and dark c e l l  c o n te n ts  bu t no c o l la p s e  could be d e te c te d .

No damage to  th e  cam bial reg io n  o r  xylem could be seen. 

E v e n tu a l ly  th e  cam bial reg io n  d id  c o l la p se ,  bu t 71 days 

a f t e r  tre a tm e n t  v e ry  l i t t l e  c o l la p s e  had o c c u rre d  in  e i t h e r  

t h e  phloem o r  xylem as compared w ith  t h e  sample from th e  

t r e e  t r e a t e d  w ith  sodium m onoch lo roace ta te . P robab ly  th e  

g r e a t e s t  s i n g l e  d i f f e r e n c e  between th e  two t re a tm e n ts  was 

th e  appearance  o f  th e  phloem. The amount o f  c o l la p s e  and 

d e s t r u c t io n  never became as g re a t  in  th e  2 , 4 , 5-T t r e a t e d  

sam ples. Parenchym atous c e l l s  developed very  th i c k  w a lls  

and th e  c a v i t i e s  were very  sm all in  comparison w ith  u n t r e a t -
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ed c e l l s .  However, m ost c e l l  w a l ls  r e ta in e d  a rounded o r  

o v a l  appearance , even 7JL days a f t e r  t r e a t i n g .  Very few 

v o id s  developed i n  th e  phloem o f  2 , 4 , 5-T t r e a t e d  t r e e s .

E f f e c t s  o f  2 ,4-D  e s t e r . The e f f e c t s  o f  2,4-D were a l ­

m ost i d e n t i c a l  to  th o se  o f  2 , 4 , 5-T. The degree  o f  i n ju r y  

was l e s s  in  2 ,4-D  sam ples th an  in  th o se  o f  2 , 4 , 5-T c o l l e c t e d

a t  th e  same tim e . I n ju r y  to  most c e l l s  s t a r t e d  a t  a l a t e r

d a te  and n ev e r  was as sev e re  as 2 ,4 ,  5-T in ju r y .  ■-

Comments. The b lack e n in g  o f  c e l l  co n ten ts  and w a l ls ,  

as d e sc r ib e d  f o r  th e s e  th r e e  t r e a tm e n ts ,  i s  thought by some 

i n v e s t i g a t o r s  to  be caused by a r e l e a s e  o f  ta n n in  and ph lo -  

baphene compounds by dying ray  and lo n g i tu d in a l  parenchyma 

c e l l s  (51) . D a rk -s ta in e d  s ie v e  tube  co n te n ts  have been i n ­

t e r p r e t e d  as th e  r e s u l t s  o f  d is o rg a n iz a t io n  o f  th e  cytoplasm  

(57) .

The th ic k e n e d  w a l l s  o f  th e  phloem probab ly  were caused 

by a com bination o f  a c tu a l  w a ll  th ic k e n in g  and a l i n i n g  o f  

cytoplasm  s t a in e d  th e  same as th e  w a ll ,  due to  a c t io n  o f  th e

chem ica ls . This c o n d i t io n  can be observed  in  F ig u re s  27 and

55.

The absence o f  c a l lo s e  on s ie v e  p l a t e s  and th e  d isap ­

p ea ran ce  o f  ex truded  n u c le o l i  in  s iev e  tubes  have been asso ­

c i a t e d  w ith  d ec reased  a c t i v i t y  o f  t h e  phloem (2 8 ,2 9 ) .  This 

was p ro b ab ly  th e  case  w ith  th e  t r e a te d  t r e e s .  The phloem 

was a p p a re n t ly  in  a s t a t e  o f  decreased  a c t i v i t y  as a r e s u l t
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o f  approach ing  d ea th , causing  an absence o f  ex tru ded  n u c le ­

o l i  and c a l lo s e  m a t e r i a l .  This c o n d i t io n  was a co n s tan t  

f e a tu r e  o f  p r a c t i c a l l y  every  sample which d isp lay ed  o th e r  

s ig n s  o f  i n j u r y  due to  chemical t r e a tm e n t .

b . The e f f e c t iv e n e s s  o f  chem icals when a p p lie d  on d i f f e r e n t  

d a te s .

Sodium mono ch lo ro  a c e t a t e . Based on an exam ination o f  

samples tak en  56 days a f t e r  t re a tm e n t ,  i t  was found t h a t  th e  

June 24 a p p l i c a t io n  produced th e  g r e a t e s t  amount o f  damage. 

The J u ly  5 t r e a tm e n t  was n ex t  in  e f f e c t iv e n e s s  and th e  J u ly  

9 t re a tm e n t  was l e a s t  e f f e c t i v e .  However, even though th e  

degree o f  i n j u r y  was n o t  as g r e a t  f o r  th e  l a s t  two d a te s ,  i t  

was s t i l l  q u i t e  sev e re  and th e  t re a tm e n ts  were judged s a t i s ­

f a c to r y .

2 , 4 , 5-T e s t e r . Only th e  June 24 tre a tm e n ts  showed ex­

t e n s iv e  damage. The J u ly  3 tre a tm e n t  was nex t in  e f f e c t i v e ­

n e s s ,  and t re a tm e n ts  made on J u ly  9 and Ju ly  15 showed very  

l i t t l e  damage.

2,4-D  e s t e r . The 2,4-D  t re a tm e n ts  fo llow ed  th e  same 

p a t t e r n  as  th e  2 , 4 , 5-T t r e a tm e n ts .  The degree o f  i n ju r y  was 

l e s s  in  th e s e  samples and no damage o f  any k in d  could  be 

found in  th e  J u ly  t r e a tm e n ts .

Comments. The r e s u l t s  o f  t h i s  study a re  r e l a t e d  some­

what to  th e  o b s e rv a t io n s  made by o th e r  w orkers.
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Wilcox (7 2) r e p o r te d  t h a t  n a tu r a l  p e e l in g  o f  t r e e s  in  

New York S ta t e  was e a s i e s t  when th e  mean tem p e ra tu re  was 

above 40 deg rees  F a h re n h e i t .  He a lso  observed  t h a t  th e  pen­

e t r a t i o n  o f  an a r s e n ic  s o lu t io n  in to  th e  sapwood was m ost 

r a p id  du ring  th e  h e ig h t  o f  th e  s a p -p e e l in g  season .

C zabator (21.) , working on th e  same experim ent w ith  Wil­

cox, observed  t h a t  th e  b e s t  chemical t re a tm e n t  o f  hardwoods 

r e s u l t e d  when th e  chem ical was a p p l ie d  between May 50 and 

Ju ly  1 .

I t  i s  ev id en t t h a t  a lthough  th e  average tem p e ra tu re  

must be above a c e r t a i n  p o in t  f o r  s u c c e s s fu l  chem ical t r e a t ­

m ent, i t  i s  n o t  th e  d ec id in g  f a c to r .  O b serv a tio ns  made on 

the  stems o f  u n t r e a te d  aspen show t h a t  t h e  cambial re g io n  i s  

most a c t i v e  between May 29 and Ju ly  1 .  On th e  b a s i s  o f  

th e s e  f in d in g s  and th o se  summarized above f o r  t r e a t e d  t r e e s ,  

i t  would appear t h a t  su cc ess  o f  t re a tm e n t  co in c id es  more 

c lo s e ly  w ith  cambial a c t i v i t y  r a t h e r  than  changes in  tem per­

a t u r e  a lo n e .

c . The e f f e c t s  o f  2 , 4 , 5-T e s t e r  a t  d i f f e r e n t  h e ig h ts  in  th e  

t ru n k .

By ta k in g  samples from d i f f e r e n t  h e ig h ts  in  t h e  t ru n k , 

i t  was found t h a t  on ly  th e  samples from th e  low er 10 f e e t  

and from th e  t i p  o f  th e  l e a d e r  showed damage to  any degree . 

The samples from th e  p o r t io n  between 10 f e e t  above th e
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ground and th e  top showed v e ry  l i t t l e  damage. This can he 

seen  by comparing F ig u re s  59, 41, and 42.

d. M isc e l la n e o u s  d a ta

D oub le_ s tren g th  2 , 4 , 5-T s o l u t i o n . No d i f f e r e n c e  could  

be d e te c te d  in  th e  degree o f  i n ju r y  caused by s in g le  s t r e n g th  

and double s t r e n g th  2 , 4 , 5-T e s t e r .  Samples tak en  t h e  same 

number o f  days a f t e r  t r e a t i n g ,  showed approx im ate ly  th e  same 

amount o f  damage. The appearance  o f  th e  stem samples 71 

days a f t e r  t r e a tm e n t  can be seen by comparing F ig u re s  50 and 

45.

E f f e c t s  o f  chem icals  on tw igs and l e a v e s . The le a v e s  

and tw igs  o f  t r e a t e d  t r e e s  showed very  severe  i n ju r y  due to 

chemical t r e a tm e n t .  In  a l l  cases ex te n s iv e  c o l la p s e  and 

d i s i n t e g r a t i o n  o c c u rre d ,  sometimes b e fo re  damage to  th e  

tru n k  cou ld  be d e te c te d .

I t  i s  p o s s ib l e  t h a t  th e  g r e a t e s t  amount o f  th e  chemical 

i s  t r a n s p o r te d  up to th e  le a v e s  b u t i s  n o t  c a r r i e d  back down 

because o f  t h e  death  o f  th e  le a v e s  and phloem t i s s u e  o f  th e  

tw igs  im m ediately  below  th e  le a v e s .  This assum ption , 

coupled w ith  th e  f a c t  t h a t  th e  low er p o r t io n  o f  th e  t ru n k  i s  

u s u a l ly  s a tu r a te d  w ith  t r e a t i n g  s o lu t io n ,  may e x p la in  why the  

base o f  th e  t r e e s  and th e  tops  a re  damaged more s e v e re ly  

than  th e  in te rv e n in g  p o r t io n s .

E f f e c t  o f  chem ical t re a tm e n ts  on r o o t s . An exam ination 

o f  r o o t  samples showed a d i s t i n c t  absence o f  ex tru d ed  n u c le ­
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o l i  and s ie v e  p l a t e s  in  th e  phloem. I t  was a lso  n o ted  t h a t  

th e  d ia m e te rs  o f  th e  s ie v e  tubes  were no t as l a r g e  as th o se  

o f  u n t r e a te d  sam ples. The phloem showed no o th e r  i n ju r y .  

There was no t much a c t i v i t y  in  th e  cambial r e g io n ,  b u t  i t  

d id  n o t  show any damage. Xylera d id  n o t  appear to  be dam­

aged.

B. C onclusions

E f f e c t iv e n e s s  o f  chem icals as .debarking a g e n ts . Sodium 

m o noch lo roace ta te  a p p l ie d  in  f r i l l s  was th e  most e f f e c t i v e  

chem ical used  In  t h i s  study fo r  t h e  purpose o f  lo o sen in g  th e  

bark  o f  aspen . However, good r e s u l t s  can on ly  be ach ieved  

by a llow ing  t r e a t e d  t r e e s  to s tand  o v er w in te r ;  th e  bark  o f  

some o f  t h e  upper s t i c k s  was t i g h t  even a f t e r  s tan d in g  fo r  

one y e a r .

2 ,4 ,5 -T  e s t e r ,  a p p l ie d  as a b a sa l  spray , was f a i r l y  e f ­

f e c t i v e  as a debarking  a g e n t.  S t ic k s  from th e  low er p o r t io n  

o f th e  t ru n k s  could  be p e e le d  a f t e r  th e  t r e e s  had remained 

s tan d in g  o v e r  w in te r ,  b u t  n o t  as e a s i ly  as th o se  o f  t r e e s  

t r e a t e d  w ith  sodium mono ch loro  a c e ta t e .  The o ccu rren ce  o f  

t i g h t  bark  on th e  u p p e r  s t i c k s  was found to  be more common 

on 2 ,4 ,5 -T  t r e a t e d  t r e e s  than  on th o se  t r e a t e d  vdth sodium 

m o n o ch lo ro ac e ta te .  F u r th e r  s tu d ie s  on methods o f  a p p l ic a ­

t i o n  a re  needed to  o b ta in  th e  b e s t  r e s u l t s  w ith  t h i s  chem­

i c a l .
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2,4-D  e s t e r  was n o t  a s a t i s f a c t o r y  chemical f o r  t h e  

chem ical debark ing  o f  aspen . The r e s u l t s  were too in co n ­

s i s t e n t  to  w a r ra n t  f u r t h e r  s tudy .

Bark lo o se n in g  due to  chemical a c t i o n . The r e s u l t s  o f  

t h i s  s tudy  su g g es t t h a t  bark  lo o s e n in g  i s  caused by a com­

b in a t io n  o f  chem ical and p h y s ic a l  changes o c c u r r in g  in  th e  

cambial re g io n  and a d ja c e n t  t i s s u e s  o f  th e  t r e e  stem. The 

c o l la p s e  o f  newly-form ed xylem c e l l s  and th e  accompanying 

lacu n a e , i n  co n ju n c tio n  w ith  c o l la p s e  and d i s i n t e g r a t i o n  o f  

cambial and phloem c e l l s ,  e v id e n t ly  r e s u l t s  i n  th e  fo rm a tio n  

o f  a b e l t  o f  weakened m a t e r i a l ,  c o n s is t in g  o f  remnants o f  c e l l  

w a l l s  and c e l l  c o n te n ts ,  which can be ru p tu re d  ve ry  e a s i l y .  

C o llapse  o f  c e l l s  seems to  be p a r t i a l l y  caused by a c o n tra c ­

t i o n  o f  th e  e n t i r e  phloem re g io n .  This c o n t ra c t io n  i s  e v i ­

d e n t ly  r e s t r a i n e d  toy th e  xylem, causing  th e  lo n g  v e r t i c a l  

s p l i t s  to  occur in  th e  bark  a f t e r  t r e a tm e n t .

E f f e c t  o f  chom icals on r o o t s . The chem icals appear to  

have l i t t l e  e f f e c t  on th e  ro o ts  and a p p a re n t ly  a re  no t 

t r a n s lo c a te d  from a t r e a t e d  t r e e  to a h e a l th y  one. In  s p i t e  

o f  th e  changes r e p o r te d  in  ro o t  samples, no evidence o f  dam­

age to  a d ja c e n t  t r e e s  cou ld  be d e te c te d  two y ea rs  a f t e r  

t r e a tm e n t .  In  view o f  th e  f a c t  t h a t  m ost aspen t r e e s  o r i g i ­

n a te  as  su ck e rs  and a r e  connected by an e x te n s iv e  l a t e r a l  

ro o t  system  (22) , i t  would seem t h a t  any damage to  a d ja c e n t  

t r e e s  should  have been ap p a ren t  w ith in  t h i s  p e r io d  o f  t im e .
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L im i ta t io n  o f  t r e e  s i z e . There a p p a re n t ly  i s  a maximum

t r e e  stem d ia m e te r ,  beyond which th e  chem icals  used  in  t h i s

s tu d y  l o s e  t h e i r  e f f e c t iv e n e s s .  In  a lm ost every  group o f

t r e a t e d  aspen where one o r  two In d iv id u a ls  rem ained h e a l th y ,

th ey  were t r e e s  o f  10 in ch es  o r  more in  d iam e te r  a t  b r e a s t  
«

h e ig h t .  This was t r u e  even where a d d i t io n a l  s o lu t io n  had 

been a p p l ie d  to  compensate f o r  t r e e  s i z e .

P e e l in g  c h a r a c t e r i s t i c s  o f  t r e e s  t r e a t e d  w ith  chem­

i c a l s . The bark  o f  many t r e e s  t r e a t e d  w ith  sodium mono- 

c h lo ro a c e ta te  b reak s  up in to  sm all fragm ents  when i t  i s  

p e e le d  from th e  t r e e .  This a p p a re n t ly  i s  caused by sev e re  

d i s i n t e g r a t i o n  o f  th e  phloem. This reg io n  was found so com­

p l e t e l y  d i s i n t e g r a t e d  71 days a f t e r  t re a tm en t  t h a t  in  many 

p la c e s  o n ly  i s o l a t e d  groups o f  f i b e r s  and s c l e r e id s  were i n ­

t a c t .  This r e s u l t s  in  bark crum bling when i t  i s  p u l le d  o f f  

th e  t r e e ,  a l lo w in g  t h e  long  s t ra n d s  o f  i n t a c t  f i b e r s  and 

s c l e r e i d s  to  rem ain a t ta c h e d  to  th e  t ru n k .

The bark  o f  t r e e s  t r e a te d  w ith  2 ,4-D  e s t e r  and 2 , 4 , 5-T 

e s t e r  was found to  p e e l  o f f  th e  t r e e s  in  l a r g e  s h e e ts .  This 

c o n d it io n  i s  p ro b ab ly  due to  th e  f a c t  t h a t  r e l a t i v e l y  l i t t l e  

d i s i n t e g r a t i o n  o ccu rs  In  th e  phloem, w h ile  c o l la p s e  i s  r a th e r  

sev e re  in  th e  cambial re g io n .  This foims a p la n e  o f  weak­

n e ss  between cambial re g io n  and phloem, and a llo w s th e  bark  

to be p e e le d  o f f  i n t a c t .
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Treatm ent d a t e s . T reatm ents  made b e fo re  lu ly  1 a re  

f a s t e r  a c t in g  and more e f f e c t i v e  than  th o s e  made l a t e r  in  

th e  sea so n . A p p l ic a t io n s  made j u s t  b e fo re  bud-break produce 

r e s u l t s  com parable to  th o s e  made when le a v e s  a re  f u l l y  de­

ve lo ped . Date o f  t re a tm e n t  a p p a re n t ly  has more in f lu e n c e  on 

th e  r e s u l t s  o f  2 ,4 ,5 -T  and 2,4-D  t r e a tm e n ts  than  on th o se  

made w ith  sodium m o n o ch lo ro ace ta te .

A p p l i c a b i l i t y  o f  t re a tm e n ts  to  commercial o p e r a t io n s . 

Although t r e e s  t r e a t e d  w ith  sodium mono c h lo ro a c e ta te  and

2 ,4 ,5 -T  e s t e r  cou ld  be p e e le d  one y ea r  a f t e r  t r e a tm e n t ,  i t  

i s  f e l t  t h a t  t h e  amount o f  t i g h t  bark  rem ain ing  on th e  u pper 

s t i c k s  I s  too g r e a t  to  w arran t a p p l ic a t io n  o f  th e s e  methods 

to  commercial o p e r a t io n s .  The amount o f  d is c o lo re d  wood r e ­

s u l t in g  from t r e e s  s ta n d in g  over w in te r  i s  a lso  a d i s t i n c t  

drawback to  th e  e x te n s iv e  u se  o f  th e s e  methods.

F u r th e r  I n v e s t ig a t io n s ,  however, o f  a p p l i c a t io n  methods 

may e l im in a te  th e s e  o b je c t io n s  and r e s u l t  i n  t re a tm e n ts  ap­

p l i c a b l e  to  commercial u s e .
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