
Epidermal cell/stoma ratio, stomatal area, and 2,4-D C14 penetration of Canada thistle ecotypes as
related to 2,4-D response
by Howard Dale Moore

A thesis submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE Agronomy
Montana State University
© Copyright by Howard Dale Moore (1968)

Abstract:
Several possible morphological explanations for the differential response of 10 Canada thistle ecotypes
to treatment with 2,4-D were investigated. The distribution of stomata and stomatal area of the upper
leaf surface were studied in relation to the penetration rate of 2,4-D C^14 and response to treatment
with 2,4-D. The distribution of stomata was studied in terms of the epidermal cell per stoma (e/s) ratio.

Significant differences were found among the 10 Canada thistle ecotypes in E/S, ratio and stomatal
area. Some ecotypes followed a set pattern for every location while others showed no relationship from
one location to the next, or from one year to the next.

Carbon 14 labeled 2,4-D penetrated into the upper surface of Canada thistle leaves at a more rapid rate
when treatment was made in the light than when treatment was made in the dark. The rate at which
2,4-D C^14 penetrated into the upper surface of leaf sections varied significants Iy among the 10
ecotypes. This difference, however, was questioned because of the large amount of variation found
between replications of a given ecotype. Abnormalities of the epidermal layers, even when slight,
caused a drastic increase in the penetration rate of the 2,4-D C^14 into the leaf sections.

No correlation.was found between the E/S ratio or the stomatal area and the response of the 10 Canada
thistle ecotypes to 2,4-D treatment. Likewise, there was no correlation found between the stomatal area
and the rate that 2,4-D C^14 penetrated into leaf sections from the 10 ecotypes or the stomatal area and
the response of the 10 ecotypes to 2,4-D treatment.

Stomata do not appear to be the major portals for the entry of 2,4-D into the leaves of Canada thistle.
Furthermore, the rate at which 2,4-D penetrates into the leaves of the various Canada thistle ecotypes
does not appear to be the factor that is responsible for the differences in response to treatment with
2,4-D found among the 10 ecotypes. 
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ABSTRACT

S e v e r a l  p o s s i b l e  m o r p h o lo g ic a l  e x p l a n a t i o n s  f o r  t h e  d i f f e r e n t i a l  
r e s p o n s e  o f  10 C anada t h i s t l e  e c o ty p e s  t o  t r e a t m e n t  w i th  2 ,4 -D  w e re  
i n v e s t i g a t e d .  The d i s t r i b u t i o n  o f  s to m a ta  an d  s t o m a t a l  a r e a  o f  t h e  
u p p e r  l e a f  s u r f a c e  w e re  s t u d i e d  i n  r e l a t i o n  t o  t h e  p e n e t r a t i o n  r a t e  o f
2 ,4 -D  C ^  an d  r e s p o n s e  t o  t r e a t m e n t  w i th  2 ,4 - D .  The d i s t r i b u t i o n  o f  
s to m a ta  w as s t u d i e d  i n  t e r m s  o f  t h e  e p id e r m a l  c e l l  p e r  s to m a  ( e / s ) r a t i o .

S i g n i f i c a n t  d i f f e r e n c e s  w e re  fo u n d  among t h e  10 C an ad a  t h i s t l e  
e c o ty p e s  i n  E /S, r a t i o  an d  s t o m a t a l  a r e a .  Some e c o ty p e s  fo l lo w e d , a  s e t  
p a t t e r n  f o r  e v e r y  l o c a t i o n  w h i l e  o t h e r s  show ed  no r e l a t i o n s h i p  fro m  one  
l o c a t i o n  t o  t h e  nex t, o r  f ro m  o n e  y e a r  t o  t h e  n e x t .

C arb o n  14 l a b e l e d  2 ,4 -D  p e n e t r a t e d  i n t o  t h e  u p p e r  s u r f a c e  o f  
C an ad a  t h i s t l e  l e a v e s  a t  a  m o re  r a p i d  r a t e  w hen t r e a t m e n t  w as m ade i n  t h e  
l i g h t  t h a n  w hen t r e a t m e n t  w as m ade i n  t h e  d a r k .  The r a t e  a t  w h ic h  2 ,4 -D  
C^-4 p e n e t r a t e d  i n t o  t h e  u p p e r  s u r f a c e  o f  l e a f  s e c t i o n s  v a r i e d  s i g n i f i c a n t s  
I y  among t h e  10 e c o ty p e s .  T h is  d i f f e r e n c e ,  h o w e v e r , w as q u e s t i o n e d  b e ­
c a u s e  o f  t h e  l a r g e  am ount o f  v a r i a t i o n  fo u n d  b e tw e e n  r e p l i c a t i o n s  o f  a  
g i v e n  e c o ty p e .  A b n o r m a l i t i e s  o f  t h e  e p id e r m a l  l a y e r s ,  e v e n  w hen s l i g h t ,  
c a u s e d  a  d r a s t i c  i n c r e a s e  i n  t h e  p e n e t r a t i o n  r a t e  o f  t h e  2 ,4 -D  C i n t o  
t h e  l e a f  s e c t i o n s .  ■

No c o r r e l a t i o n . w a s  fo u n d  b e tw e e n  t h e  E /S  r a t i o  o r  t h e  s t o m a t a l  a r e a  
a n d  t h e  r e s p o n s e  o f  t h e  10 C an ad a  t h i s t l e  e c o ty p e s  t o  2 ,4 -D  t r e a t m e n t . • 
L ik e w is e ,  t h e r e  w as no c o r r e l a t i o n  fo u n d  b e tw e e n  t h e  s t o m a t a l  a r e a  and  
t h e  , r a t e  t h a t  2 ,4 -D  C1 "̂ p e n e t r a t e d  i n t o  l e a f  s e c t i o n s  f ro m  t h e  10 e c o ­
t y p e s  o r  t h e  s t o m a t a l  a r e a  an d  t h e  r e s p o n s e  o f  t h e  10 e c o ty p e s  t o  2 ,4 -D  
t r e a t m e n t .

S to m a ta  do n o t  a p p e a r  t o  b e  t h e  m a jo r  p o r t a l s  f o r  t h e  e n t r y  o f  2 ,4 -D  
i n t o  t h e  l e a v e s  o f  C an ad a  t h i s t l e .  F u r th e r m o r e ,  t h e  r a t e  a t  w h ic h  2 ,4 -D  
p e n e t r a t e s  i n t o  t h e  l e a v e s  o f  t h e  v a r i o u s  C an ad a  t h i s t l e  e c o ty p e s  d o e s  
n o t  a p p e a r  t o  b e  t h e  f a c t o r  t h a t  i s  r e s p o n s i b l e  f o r  t h e  d i f f e r e n c e s  i n  
r e s p o n s e  t o  t r e a t m e n t  w i t h  2 ,4 -D  fo u n d  among t h e  10 e c o ty p e s .



INTRODUCTION

C an ad a  t h i s t l e  ( C ir s iu m  a r v e n s e  ( L . )  S c o p . ) i s  o n e  o f  t h e  m o st 

w id e ly  d i s t r i b u t e d  p e r e n n i a l  w eeds w h ic h  c a u s e s  e x t e n s i v e  a g r i c u l t u r a l  

l o s s e s  i n  t h e  N o r th e r n  H e m is p h e re . M eth o d s o f  c o n t r o l  h a v e  v a r i e d  i n  

e f f e c t i v e n e s s  u n d e r  t h e  w id e  r a n g e  o f  c o n d i t i o n s  u n d e r  w h ic h  t h i s  weed 

t h r i v e s .  R e sp o n se  t o  t r e a t m e n t  w i t h  2 , 4 - d ic h lo r o p h e n o x y  a c e t i c  a c id  

( 2 ,4 - D )  h a s  b e e n  e s p e c i a l l y  v a r i a b l e .  H o d g so n  ( 2 1 ,2 2 )  r e p o r t e d  a  g ro u p  

o f  10 e c o ty p e s  i n  w h ic h  h e  fo u n d  a  m ark e d  v a r i a t i o n  i n  m o r p h o lo g ic a l  

an d  p h o n o l o g i c a l  c h a r a c t e r i s t i c s .  T h e se  e c o ty p e s  a l s o  v a r i e d  i n  t h e i r  

r e s p o n s e  t o  t r e a t m e n t  w i t h  2 ,4 -D .

I n . t h i s  e x p e r im e n t  t h e  v a r i a b l e  r e s p o n s e  o f  C anada t h i s t l e  t o  t r e a t ­

m en t w i t h  2 ,4 -D  w as s t u d i e d  i n  te rm s  o f  t h e  v a r i a t i o n  i n  n u m b ers  an d  a r e a  

o f  s to m a ta  o n  t h e  l e a v e s  o f  t h e  10 e c o t y p e s ' s t u d i e d  e a r l i e r  b y  H odgson 

( 2 1 , 2 2 ) .  My i n i t i a l  o b j e c t i v e  w as t o  d e te r m in e  i f  t h e r e  w e re  s i g n i f i c a n t  

v a r i a t i o n s  i n  t h e  num ber o r  a r e a  o f  s to m a ta  o n  t h e  u p p e r  s u r f a c e  o f  

l e a v e s  o f  C an ad a  t h i s t l e .  N ex t t h e  r e l a t i o n s h i p  o f  t h i s  c h a r a c t e r i s t i c  

t o  p e n e t r a t i o n  o f  2 ,4 -D  C ^  an d  r e s p o n s e  o f  C anada t h i s t l e  e c o ty p e s  t o  

t r e a t m e n t  w i t h  2 ,4 -D  w e re  s t u d i e d .



REVIEW OF LITERATURE

S to m a ta l  P e n e t r a t i o n

F o l i a r  a p p l i e d  h e r b i c i d e s  m u s t p e n e t r a t e  t h e  o u t e r  p r o t e c t i v e  l a y e r s  

o f  t h e  p l a n t  b e f o r e  a c t i o n  a g a i n s t  t h e  p l a n t  m e ta b o l is m  c a n  o c c u r .  The 

n a t u r e  o f  t h e  o u t e r  l a y e r s  o f  t h e  p l a n t  an d  t h e  f o r m u l a t i o n  o f  t h e  h e r ­

b i c i d e  a p p l i e d  a r e  tw o  o f  t h e  f a c t o r s  d e t e r m in in g  t h e  r a t e  a t  w h ich  

p e n e t r a t i o n  t a k e s  p l a c e .

S to m a ta  h a v e  b e e n  p r o p o s e d  a s  i m p o r t a n t  s i t e s  o f  r a p i d  e n t r y  o f  

f o l i a r  h e r b i c i d e s  ( 3 , 6 , 2 5 , 3 2 , 3 5 , 3 8 ) .  O th e r s  ( 8 , 1 9 ,2 3 ,3 4 ,3 7 ,3 9 )  fo u n d  

no  e v id e n c e  t h a t  f o l i a r  a p p l i e d  h e r b i c i d e s  p e n e t r a t e d  m o re  r a p i d l y  i n t o  

s p e c i e s  o f  p l a n t s  o r  a r e a s  o f  a  p l a n t  t h a t  h a v e  a  g r e a t e r  nu m b er o f  

s to m a ta  t h a n  s p e c i e s  o f  p l a n t s  o r  a r e a s  o f  a  p l a n t  t h a t  h a v e  f e w e r  

n u m b ers  o f  s to m a ta .  Fogg  (1 2 )  fo u n d  no e v id e n c e  t h a t  p e n e t r a t i o n  o f

3 , 5 - d i n i t r o - o - c r e s o l  i n t o  t h e  l e a f  t o o k  p l a c e  th r o u g h  o p e n  s to m a ta ,  a s  

no  e v id e n c e  o f  p e n e t r a t i o n  th r o u g h  o p e n  s to m a ta  c o u ld  b e  s e e n  w hen t h e  

e p id e r m is  was s t r i p p e d  f ro m  t h e  l e a f  an d  o b s e r v e d  u n d e r  t h e  m ic ro s c o p e .  

R ic e  (3 0 )  r e p o r t e d  t h a t  m o re  2 ,4 -D  w as a b s o r b e d  b y  b e a n  l e a v e s  w hen 

t r e a t e d  i n  th e  d a r k  t h a n  w hen t r e a t e d  i n  t h e  l i g h t . .  He a l s o  r e p o r t e d  

no s i g n i f i c a n t  d i f f e r e n c e  b e tw e e n  t h e  am ount o f  2 ,4 -D  a b s o r b e d  a t  100 

v e r s u s  900 f o o t  c a n d le s  l i g h t  i n t e n s i t y ,  w hen  t h e  a i r  t e m p e r a t u r e s  w e re  

t h e  sam e . He t h e r e f o r e  s t a t e d  t h a t  s to m a ta  w e re  n o t  a  f a c t o r  i n  2 ,4 -D  

e n t r y  i n  t h e s e  c a s e s .  G r a f t s  (5 )  s t a t e d  t h a t  r e g a r d l e s s  o f  t h e  r o l e  

o f  s to m a ta  i n  t h e  u p ta k e  o f  s p r a y  s o l u t i o n s ,  s t o m a t a l  o p e n in g  c a n n o t  

b e  d e p e n d e d  u p o n  u n l e s s  s p e c i a l  c a r e  i s  t a k e n  t o  d e te rm in e , t h e  e x t e n t  

o f  o p e n in g  a t  t h e  t im e  o f  s p r a y  a p p l i c a t i o n .  Adams ( l )  p r e s e n t e d  a  

t h e o r e t i c a l  m o d e l ,  b a s e d  o n  t h e  p r i n c i p l e s  o f  m a th e m a t ic s  a n d  p h y s i c s ,



t h a t  i m p l i e s  t h a t  a  s o l u t i o n  w i t h  t h e  s u r f a c e  t e n s i o n  o f  w a te r  c o u ld  n o t  

p e n e t r a t e  a n  o r f i c e  t h e  s i z e  o f  t h e  a v e r a g e  o p e n  s t o m a t a l  p o r e .  H o l le y  

( 24 ) s t a t e d  t h a t ,  s i n c e  t h e  d i f f e r e n c e  i n  p e n e t r a t i o n  r a t e  b e tw e e n  v a r i ­

o u s  p l a n t  s p e c i e s  w as so  s m a l l  i n  r e l a t i o n  t o  t h e  d i f f e r e n c e  i n  t h e  d o s e  

o f  2 ,4 -D  n e c e s s a r y  t o  i n h i b i t  g ro w th , ' p e n e t r a t i o n  d i f f e r e n c e s  b e tw e e n  

s p e c i e s  c a n  o n ly  b e  a  m in o r  p a r t  i n  g o v e r n in g  t h e  r e s p o n s e  o f  t h e  s p e c i e s  

t o  2 ,4 -D  t r e a t m e n t . W il l ia m s  e t  a l . (4 3 )  fo u n d  t h a t  s p e c i e s  t h a t  w e re  

s e n s i t i v e  t o  f o l i a r  a p p l i e d  2 ,4 -D  w e re  a l s o  s e n s i t i v e  t o  l i k e  d o s e s  o f  

2 ,4 -D  a p p l i e d  i n  a  r o o t  -a b s o rb e d  n u t r i e n t  s o l u t i o n .  R e s i s t a n t  s p e c i e s  

w e re  r e s i s t a n t  w h e th e r  a p p l i c a t i o n  was f o l i a r  o r  r o o t  a p p l i e d .  T h u s , a  

p h y s i c a l  b a r r i e r  t o  t h e  p e n e t r a t i o n  o f  t h e  h e r b i c i d e  c o u ld  n o t  b e  t h e  

d o m in a n t f a c t o r  i n  d e t e r m in in g  t h e  r e s p o n s e  o f  t h e  s p e c i e s  t o  2 ,4 -D  

t r e a t m e n t .  I t  w as r e p o r t e d  b y  W h itw o r th  a n d  M u zik  (4 2 )  t h a t  t h e  d i f f e r ­

e n c e s  - i n ' e x t e r n a l  m o r p h o lo g ic a l  c h a r a c t e r s  o f  s to m a ta  n u m b ers  a n d  d e g r e e  

o f  p u b e s c e n c e s  fo u n d  among s e l e c t e d  c lo n e s  o f  f i e l d  b in d w e e d  h a d  no 

r e l a t i o n s h i p  t o  t h e  s e l e c t i v e  a c t i o n  o f  2 ,4 - D .  T hey  f u r t h e r  r e p o r t e d  

t h a t  t h e  r a t e  o f  e n t r y  o f  2 ,4 -D  i n t o  t h e  p l a n t  an d  i t s  t r a n s l o c a t i o n  i n ­

s i d e  t h e  p l a n t  w e re  n o t  r e l a t e d  t o  t h e  s e l e c t i v e  a c t i o n  o f  2 ,4 -D :

I t  h a s  b e e n  shqw n t h a t  s u r f a c t a n t s  lo w e r  t h e  s u r f a c e  t e n s i o n  o f  an  

a q u e o u s  h e r b i c i d e  s o l u t i o n  a n d  t h u s  p e n e t r a t i o n  th r o u g h  t h e  o p e n  s to m a ta  

i s  e n h a n c e d  ( 2 , 6 , 7 , 9 ) •

The e n t r y  o f  f o l i a r  a p p l i e d  n u t r i e n t s  i n t o  l e a v e s  h a s  b e e p  s t u d i e d  

t o  d e te r m in e  w h e th e r  o r  n o t  p e n e t r a t i o n  o f  s p r a y  s o l u t i o n s  i s  m o re  r a p i d  

i n t o  l e a f  a r e a s  w i th  h i g h e r  c o n c e n t r a t i o n s  o f  s to m a ta .  F i s h e r  ( l l )  and  

o t h e r s  ( 3 8 , 4 0 ) ,  fo u n d  no e v id e n c e  t h a t  s t o m a ta  a r e  m a jo r  p o r t a l s  f o r
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e n t r y  o f  f o l i a r  a p p l i e d  n i t r o g e n  i n t o  v a r i o u s  p l a n t s . C o n v e r s e ly ,

B o y n to n  e t  a l .  ( 3 , 4 )  s t a t e d  t h a t  t h e r e  i s  a n  i n c r e a s i n g  b o d y  o f  c i r c u m -  

s t a n c i a l  e v id e n c e  t o  i n d i c a t e  t h a t  s to m a ta  a r e  f r e q u e n t l y  t h e  m o st 

i m p o r t a n t  p a t h s  o f  e n t r y  o f  n u t r i e n t s  i n  s o l u t i o n ,  e v e n  th o u g h  t h e  

c u t i c l e  o r  u n c u t i n i z e d  g u a r d  c e l l s  m ay a l s o  b e  im p o r ta n t  p a th w a y s  o v e r  

a  lo n g  p e r i o d  o f  t i m e .

Some r e s e a r c h e r s  ( 1 7 ,1 8 ,2 6 ,4 1 )  c o n te n d e d  t h a t  p e n e t r a t i o n  i s  w h o l ly  

c u t i c u l a r ,  b u t  n o t  en o u g h  e v id e n c e  w as fo u n d  t o  e x c lu d e  t h e  p o s s i b i l i t y  

t h a t  p e n e t r a t i o n  th r o u g h  s to m a ta  m ay a l s o  h a v e  t a k e n  p l a c e .  P a l l a s  (2 7 )  

s t a t e d  t h a t  a  r a t h e r  l a r g e  i n c r e a s e  i n  t h e  p e n e t r a t i o n  r a t e  o f  2 ,4 -D  

w as e v i d e n t  w hen t h e  s to m a ta  w e re  o p e n . He a l s o  c o n te n d e d  t h a t  t h e  h i g h e r  

p e n e t r a t i o n  r a t e  o b s e r v e d ,  w i t h  c o n d i t i o n s  o f  h ig h  h u m id i ty  a t  t h e  t im e  

o f  a p p l i c a t i o n ,  w as p a r t i a l l y  t h e  r e s u l t  o f  a n  i n c r e a s e  i n  s t o m a t a l  

p e n e t r a t i o n .  J y ru n g  (2 ^ )  fo u n d  t h e  r a t e  o f  R u b id iu m  u p ta k e  b y  b e a n  

l e a v e s  t o  b e  h i g h l y  c o r r e l a t e d  w i th  s t o m a t a l  f r e q u e n c y .  M any w o rk e rs  

( 3 , 4 , 2 5 , 3 4 , 3 5 ,3 '8 ) r e p o r t e d  t h a t  f o l i a r  a p p l i e d  s u b s t a n c e s  p e n e t r a t e d  t h e  

lo w e r  s u r f a c e  o f  l e a v e s  f a s t e r  t h a n  t h e  u p p e r  s u r f a c e .  S in c e  m o re  s t o ­

m a ta  w e re  fo u n d  o n  t h e  lo w e r  l e a f  s u r f a c e  t h a n  o n  t h e  u p p e r  s u r f a c e  t h e y  

c o n c lu d e d  t h a t  e n t r y  w as v i a  s to m a ta .  A n o th e r  r e a s o n  f o r  t h e  r a p i d  

p e n e t r a t i o n  i n t o  t h e  lo w e r  s u r f a c e  o f  l e a v e s  c o u ld  h a v e  b e e n  t h e  t h i n n e r  

c u t i c l e  o n  t h a t  s u r f a c e .

P r a s a d  e t  a l . ( 2 9 ) ,  ,c o n d u c t in g  t e s t s  o n  s e c t i o n s  o f  t h e  h y p o s to m a t-  

o u s  l e a v e s  o f  Z e b r in a ,  fo u n d  t h a t  s to m a ta  p l a y e d  an  i m p o r t a n t  r o l e  i n  t h e  

e n t r y  o f  d a la p o n .  T hey  s t a t e d  t h a t ,  i f  t h e  s to m a ta  w e re  o p e n  an d  t h e  

s u r f a c e  w h ic h  c o n t a i n s  th e m  w as w e t ,  s t o m a ta  w e re  a n  im p o r t a n t  p o r t a l  f o r
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e n t r y  o f  s p r a y  s o l u t i o n s  i n t o  l e a v e s .

An a t t e m p t  w as m ade b y  C u r r i e r  and, D y b in g  ( 6 ,7 )  to  l o c a t e ,  a t  t h e  

c e l l u l a r  l e v e l ,  t h e  r o u t e  o f  p e n e t r a t i o n , o f  a  f l u o r e s c e n t  d y e  s o l u t i o n .  

When e x c i s e d  l e a v e s  w e re  em e rse d  i n  t h e  d y e  s o l u t i o n  f o r  tw o  m in u te s  w i th  

t h e  s to m a ta  c l o s e d  d u e  t o  d a r k n e s s ,  no , p e n e t r a t i o n  was e v i d e n t .  I f  t h e  

s to m a ta  w e re  o p e n  d u r in g  e i t h e r  a  tw o -m in u te  o r  a  f i v e - m i n u t e  e m e r s io n ,  

t h e y  fo u n d  t h a t  t h e  s u b s t o m a t a l  ch a m b e rs  a n d  g u a r d  c e l l s  c o n ta in e d  t h e  

f l u o r e s c e n t  d y e  s o l u t i o n .  When l e a v e s  w e re  l e f t  su b m erg ed  i n  t h e  dye 

s o l u t i o n  f o r  3 0  m i n u te s ,  p e n e t r a t i o n  w as e v id e n t  i n t o  t h e  e p id e r m a l  c e l l s  

i n d i c a t i n g  t h a t  c u t i c u l a r  p e n e t r a t i o n  to o k  p l a c e ,  b u t  a t  a  r e d u c e d  r a t e  

co m p ared  t o  o p e n  s t o m a t a l  p e n e t r a t i o n .

S a r g e n t  an d  B lackm an  (3 2 )  u s e d  l a b e l e d  2 ,4~D  t o  show  t h a t  p e n e ­

t r a t i o n  i n t o  l e a f  s e c t i o n s  o f  P h a s e o lu s  w as c o r r e l a t e d  w i th  s t o m a t a l  co n ­

c e n t r a t i o n  e v e n  th o u g h  t h e  a p p l i c a t i o n  o f  t h e  2 ,4 -D  m a t e r i a l  i s  m ade when 

t h e  s t o rn a te s a r e  c l o s e d .  T hey  p ro p o s e d  t h a t  p e n e t r a t i o n  t a k e s  p l a c e  

t h r o u g h  t h e  l e s s  c u t i n i z e d  s t o m a t a l  g u a rd  c e l l s  a n d / o r  s u b s i d i a r y  c e l l s  

r a t h e r  t h a n  th r o u g h  t h e  o p e n  s to m a te s .

F ra n k e  ( 1 3 , 1 4 ,1 5 ) ,  w o rk in g  i n  G erm any , fo u n d  d i r e c t  e v id e n c e  t h a t  

p e n e t r a t i o n  t o o k  p l a c e  th r o u g h  t h e  s t o m a t a l  g u a r d  c e l l s  a n d  s u b s i d i a r y  

c e l l s ,  b y  w ay o f  e c to d e s m a ta ,  w h ic h  h e  r e p o r t e d  t o  b e  c o n c e n t r a t e d  i n  

t h e s e  a r e a s .  U s in g  m i c r o a u to r a d i o g r a p h s ,  F r a n k s  was a b l e  t o  show  t h a t  

C14 l a b e l e d  s u c r o s e  a n d  p r o t e i n s  p e n e t r a t e d  t h e  l e a v e s  o f  S p in a c e a  s p .  

a n d  V io l a  s p .  b y 'w a y  o f  e c to d e s m a ta .

A l a t e r  s t u d y  b y  S a r g e n t  an d  B lackm an  (3 3 )  show ed e v id e n c e  t h a t  a t  

l e a s t  o n e  s t e p  r e g u l a t i n g  t h e  r a t e  a t  w h ic h  0^4  l a b e l e d  2 ,4 -D  p e n e t r a t e d
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l e a f  s e c t i o n s  o f  P h a s e o lu s  s p .  w as c o n t r o l l e d  b y  t h e  m e ta b o l is m  o f  t h e  

p l a n t . The s to m a ta  o n  t h e  l e a f  d i s k s  o p e n e d  a t  500 f o o t  c a n d le s  l i g h t  

i n t e n s i t y .  H o w ev er, a t  b o th  500 an d  800 f o o t  c a n d le s  t h e  r a t e  o f  p e n e t r a ­

t i o n  o f  t h e  l a b e l e d  2 ,4 -D  i n t o  t h e  l e a f  was n o t  s i g n i f i c a n t l y  h i g h e r  

t h a n  w hen t r e a t m e n t  w as m ade i n  t h e  d a r k .  ■ When t h e  t r e a t m e n t  ,w as m ade a t  

l i g h t  i n t e n s i t i e s  ab o v e  1000 f o o t  c a n d l e s ,  a  v e r y  m ark ed  i n c r e a s e  i n  

p e n e t r a t i o n  r a t e  w as o b s e r v e d .  T h is  i n c r e a s e  w as te rm e d  a  m e ta b o l i c  

s u r g e .  W ith  f u r t h e r  t e s t s  t h e y  show ed t h a t  lo w  t e m p e r a t u r e s  a n d  p r e ­

t r e a t m e n t  w i t h  u l t r a v i o l e t  l i g h t  h a l t e d  t h e  s u r g e  i n  p e n e t r a t i o n  r a t e .

T h is  s u p p o r t e d  t h e  t h e o r y  t h a t  t h e  s u r g e  w as m e ta b o l i c  i n  n a t u r e .  Remov­

i n g  l e a f  s e c t i o n s  fro m  t h e  l i g h t  i n t o  d a r k n e s s  d u r in g  t h e  p e r i o d  o f  m e ta ­

b o l i c  s u r g e  r e s u l t e d  i n  a n  im m e d ia te  d ro p  i n  p e n e t r a t i o n  r a t e  t o  t h e  

c o n s t a n t  r a t e  o b s e r v e d  w hen l e a f  s e c t i o n s  w e re  t r e a t e d  w i th  2 , 4 -0  a t  

l i g h t  i n t e n s i t y  n e a r  500 f o o t  c a n d le s  o r  a t  lo w  t e m p e r a t u r e s .

S to m a ta l  C o u n tin g

The n u m b e r .o f  s to m a ta  p e r  u n i t  a r e a  an d  s i z e  o f  s to m a ta  a r e  r e p o r t e d  

t o  v a r y  g r e a t l y , w i t h i n  s p e c i e s  an d  w i t h i n  v a r i e t i e s  g row n  a t  d i f f e r e n t  

l o c a t i o n s  ( 1 0 ) .  S to m a ta l  num ber w as r e p o r t e d  t o  v a r y  m o re  t h a n  s t o m a t a l  

s i z e .  Many w o rk e r s  ( 1 0 ,1 6 ,2 0 ,2 8 ,3 1 )  r e p o r t e d  t h a t  s t o m a t a l  num ber v a r i e d  

f ro m  o n e  a r e a  t o  a n o t h e r  o n  t h e  l e a f  s u r f a c e . " T h e re  w as a  h i g h e r  c o n c e n ­

t r a t i o n  o f  s to m a ta  n e a r  t h e  t i p  an d  m a rg in s  o f  t h e  l e a f  t h a n  o n  o t h e r  

a r e a s  o f  t h e  l e a f .  E n v iro n m e n ta l  f a c t o r s  w e re  fo u n d  t o  e f f e c t  t h e  co n ­

c e n t r a t i o n  o f  s to m a ta  p e r  u n i t , a r e a . o f  l e a f ,  P e p fo u n d  (2 8 )  o b s e r v e d  t h a t  

l i g h t  i n t e n s i t y  ■ w as m o re  i m p o r t a n t  i n  i t s  e f f e c t  o n  t h e  .num ber o f  s to m a ta  

p e r  u n i t  a r e a  t h a n  s o i l  m o i s t u r e .  He c o n t e n d e d , t h a t  m ore  s u n l i g h t
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i n i t i a t e d  t h e  f o r m a t i o n  o f  a d d i t i o n a l  s to m a ta ;  w h e r e a s , s o i l  m o i s tu r e  

a f f e c t e d  t h e  num ber o f  s to m a ta  p e r  u n i t  a r e a  b y  i n c r e a s i n g  t h e  s i z e  o f  

a l l  t h e  e p id e r m a l  c e l l s .  H ira n o  (2 0 )  r e p o r t e d  t h a t  s p e c i e s  an d  v a r i e t i e s  

o f  c i t r u s  show ed  d i f f e r e n c e s  i n  u n i t  a r e a  d e n s i t y  o f  s to m a ta  w h ic h  a p p e a r  

r e l a t e d  t o  t h e i r  p l a c e  o f  o r i g i n .  He g a v e  a s  a n  ex am p le  t h a t  m o s t s p e c i e s  

o f  c i t r u s  in d ig e n o u s  t o  t h e  t r o p i c s  h a d  m o re  s to m a ta  p e r  s q u a r e  m i l l i m e t e r  

t h a n  s p e c i e s  f ro m  o u t s i d e  t h e  t r o p i c s .

S a l i s b u r y  (3 1 )  r e p o r te d !  t h a t  t h e  p r o p o r t i o n  o f  s to m a ta  t o  o r d i n a r y  

e p id e r m a l  c e l l s  w as f a i r l y  c o n s t a n t  r e g a r d l e s s  o f  e n v i r o n m e n ta l  c o n d i t i o n s . . 

S t a l f e l t  (3 6 ) p r o p o s e d  c a l c u l a t i n g  th e 'n u m b e r  o f  e p id e r m a l  c e l l s  p e r  

s to m a  r a t i o  a s  a n  i n d e x  o f  s t o m a t a l  c o n c e n t r a t i o n .  He p o i n t e d  o u t  t h a t  

t h i s  r a t i o  e l i m i n a t e d  d i f f e r e n c e s  i n  n u m b ers  o f  s to m a ta  p e r , u n i t  a r e a  

c a u s e d  fejf v a r i a t i o n  i n  e p id e r m a l  c e l l  s i z e .

One o f  t h e  e a s i e s t  m e th o d s  f o r  c o u n t in g  s to m a ta  w as r e p o r t e d  by  

G u s t a f s o n  ( 1 8 ) .  "Due©" cem en t was a p p l i e d  t o  t h e  l e a f  i n  a  v e r y  t h i n  

l a y e r .  When d r y ,  t h e  t h i n  l a y e r  o f  cem en t w as p e e le d  o f f  t h e  l e a f  and  

m o u n te d  o n  a  m ic ro s c o p e  s l i d e  f o r  c o u n t in g  o f  t h e  s t o m a t a l  i m p r e s s i o n s .
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T he 10 C an ad a  t h i s t l e  e c o ty p e s  s t u d i e d  w e re  o r i g i n a l l y  c o l l e c t e d  by  

H o d g so n  ( 2 2 ) .  He d e s i g n a t e d  t h e  e c o ty p e s  w i th  l e t t e r s  c o r r e s p o n d in g  t o  

t h e i r  p l a c e  o f  o r i g i n .  The c o l l e c t i o n  w as m ade i n  1956 an d  t h e  e c o ty p e s  

w e re  m a i n t a i n e d  th r o u g h  s u c c e s s i v e  p l a n t i n g s  o f  s e c t i o n s  o f  h o r i z o n t a l  

r o o t s . F o r  a  d e s c r i p t i o n  o f  t h e  10 e c o ty p e s  s e e  A p p e n d ix  T a b le  I .

F i e l d  P l a n t i n g s

The f i e l d  d a t a  f o r  t h i s  s t u d y  w e re  c o l l e c t e d  fro m  a  s e t  o f  C anada 

t h i s t l e  p l o t s  t h a t  h a d  b e e n  e s t a b l i s h e d  i n  1965 t o  s t u d y  t h e  v a r i a t i o n s  

i n  r e s p o n s e  o f  t h e  10 C an ad a  t h i s t l e  e c o ty p e s  t o  t r e a t m e n t  w i t h  t h r e e  

h e r b i c i d e s .  The f i e l d  p l a n t i n g s  w e re  i n  8 f t .  b y  8 f t .  p l o t s  a t  t h r e e  

l o c a t i o n s ; Bozem an an d  H u n t le y ,  M o n tan a  an d  N e w d a le , I d a h o .  One o f  t h e  

h e r b i c i d e s  t o  b e  u s e d  i n  t h e  o r i g i n a l  e x p e r im e n t ,was 2 , 4 -B  so  t h a t  t h e s e  

d a t a  w e re  a l s o  u t i l i z e d  i n  t h i s  s t u d y .  S am p le  l e a v e s  w e re  t a k e n  fro m  t h e  

c h e c k  p l o t s  f o r  e a c h  e c o ty p e  f o r  t h e  v a r i o u s  t e s t s .

E ach  p l o t  c o n ta in e d  a  p e rm a n e n t r e f e r e n c e  s t a k e  w h ic h  w as u s e d  t o  

l o c a t e  i t s  c e n t e r .  E s t a b l i s h m e n t  an d  v i g o r  o f  t h e  t h i s t l e s  w as m e a su re d  

b y  c o u n t in g  t h e  s h o o t s  fo u n d  g ro w in g  w i t h i n  a  t h i r t y  i n c h  d i a m e te r  

c i r c u l a r  f r a m e  w i t h  t h e  r e f e r e n c e  s t a k e  a t  i t s  c e n t e r .

T re a tm e n t  w i t h  2 ,4 -D

I n  1 9 6 6 , w hen a  fe w  p l a n t s  a t  e a c h  l o c a t i o n  h a d  r e a c h e d  t h e  e a r l y  

b lo o m  s t a g e ,  2 ,4 -D  w as a p p l i e d  a t  a  r a t e  o f  o n e  and  o n e - h a l f  p o u n d s  a c i d  

e q u i v a l e n t  p e r  a c r e  t o  a l l  e c o ty p e s .  R e s p o n s e  t o  t r e a t m e n t  w as m e a su re d  

i n  1967 b y  c o m p a rin g  t h e  num ber o f  s h o o t s  p r e s e n t  i n  t h e  30  i n c h  c i r c u l a r  

a r e a  o f  e a c h  t r e a t e d  p l o t  w i t h  a  s i m i l a r  c o u n t  o f  an  u n t r e a t e d  c h e c k

Method1S an d  M a t e r i a l s



p l o t  o f  t h e  sam e e c o ty p e .

S to m a ta l  C o u n tin g

F u l l y  m a tu r e  l e a v e s  w e re  c o l l e c t e d  f ro m  e a c h  c h e c k  p l o t  i n  1966 and  

1967 f o r  m e a su re m e n t o f  t h e  c o n c e n t r a t i o n  o f  s to m a ta  o n  t h e  u p p e r  l e a f  

s u r f a c e .  I n  1 9 6 6 , t h e  l e a v e s  w e re  s e l e c t e d  f ro m  t h e  l 6t h  t o  t h e  I 8t h  

n o d e  o r  i n s e r t i o n  a b o v e  t h e  s u r f a c e  o f  t h e  g r o u n d . L e a f  s a m p le s  w e re  

c o l l e c t e d  f ro m  t h e  14t h  t h r u  l 6t h  i n s e r t i o n  i n  196? .

C o l l e c t e d  l e a v e s  w e re  im m e d ia te ly  c o a te d  w i t h  a  v e r y  t h i n  l a y e r  o f  

"D uco" cem en t a t  t h e  w id e s t  p o r t i o n  .o f  t h e  l e a f  b l a d e .  S o m etim es t h i s  

i n i t i a l  c o a t i n g  w as rem o v ed  t o  c l e a n . t h e  l e a f  s u r f a c e  an d  a  s e c o n d  c o a t  o f  

cem en t w as a p p l i e d .  W h e n .th e  l a y e r  o f  cem en t h a d  d r i e d  c o m p le t e ly ,  i t  

w as c a r e f u l l y . s t r i p p e d  f ro m  t h e  l e a f ,  t r im m e d  an d  m o u n ted  l e a f  s i d e  up 

o n  a  c l e a n  m ic ro s c o p e  s l i d e .  A c o v e r  s l i p  w as m o u n ted  o n  t o p  o f  t h e  l e a f  

i m p r e s s i o n  w i th  a d d i t i o n a l  cem en t a t  t h e :  c o r n e r s . The s l i d e  w as p l a c e d  

o n  a  warm  h o t  p l a t e  (l$ Q  F ) w i t h  p r e s s u r e  a p p l i e d  t o  t h e  c o v e r  s l i p  t o  

f l a t t e n  o u t  t h e  l e a f  im p r e s s i o n .  S in c e  !'Duco" cem en t m e l t s  e a s i l y ,  o v e r  

h e a t i n g  t h e  s l i d e s  , a t  t h i s  p o i n t  w as a v o id e d  t o  p r e s e r v e  t h e  l e a f  im ­

p r e s s i o n s  .

U n ifo rm  an d  c l e a r  a r e a s  o n  t h e  s l i d e s  w e re  l o c a t e d  t h r o u g h  t h e  

m ic r o s c o p e  an d  p h o to g ra p h e d  w i t h  a  35 ram c a m e ra . The l e a f  s u r f a c e  was 

m a g n i f i e d  .156 t i m e s  i n  t h e  f i n i s h e d  3 i "  x  4 s "  p h o to m ic r o g r a p h s . Two 

s u b s a m p le  p h o to m ic ro g ra p h s  w e re  m ade f ro m  e a c h  s l i d e .

The num ber o f  s to m a ta  an d  num ber o f  e p id e r m a l  c e l l s  o n  e a c h  p h o to ­

m ic r o g r a p h  w e re  c o u n te d .  T he r a t i o  o f  e p id e r m a l  c e l l s  t o  s to m a  (E /S  

r a t i o )  w as t h e n  co m p u ted  f o r  e a c h  p h o to m ic r o g r a p h .
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S to m a ta l  A re a

P h o to m ic r o g ra p h s  ,sh o w in g  u n i f o r m  s t o m a t a l  o p e n in g  w e re  s e l e c t e d  f o r  I

d e t e r m i n a t i o n , o f  s t o m a t a l  a r e a .  P h o to m ic r o g ra p h s  o f  e a c h ,o f  f o u r  r e p l i ­

c a t i o n s  o f  e a c h  e c o ty p e  w e re  e n l a r g e d  f u r t h e r  t o  a  t o t a l  o f  2420 m a g n i f i ­

c a t i o n s  o f  t h e  o r i g i n a l  l e a f .  T h re e  s t o m a t a l  im a g e s  w e re  c u t  f ro m  e a c h  

o f  t h e  e n l a r g e d  p h o to m ic ro g ra p h s  a n d  w e ig h e d . The w e ig h t  p e r  u n i t  a r e a  

o f  t h e  p h o to g r a p h ic  p a p e r ■ w as m e a s u re d  an d  t h e  w e ig h t  o f  t h e  s to m a ta  

o u t l i n e  w as c o n v e r te d  t o  a r e a .  The a r e a  o f  e a c h  s to m a  an d  i t s  s u r r o u n d ­

i n g  e p id e r m a l  c e l l s  w as co m p u ted  b y  u s i p g  t h e  e p id e r m a l  c e l l  p e r  s to m a  

r a t i o .  T h is  f i g u r e  was a p p l i e d  t o  a  s q u a r e  c e n t i m e t e r  o f  l e a f  a r e a  and  

t h e  a r e a  i n v o l v e d  i n  s to m a ta  w as co m p u ted  f o r  e a c h  e c o ty p e .

L e a f  I n s e r t i o n

T h re e  e c o ty p e s ,  r e p r e s e n t e d  b y  2  p l a n t s  e a c h  w e re  g row n  i n  t h e  

g r e e n h o u s e  d u r in g  t h e  w i n t e r  o f  1 9 6 6 . I m p r e s s i o n s ■w ere, m ade fro m  t h e  9 t h ,  

l 6t h ,  an d  25t h  l e a f  o f  e a c h  p l a n t  t o  a s c e r t a i n  Tzfhat e f f e c t ,  i f  a n y , l e a f  

■ i n s e r t i o n  h a d  o n  t h e  e p id e r m a l  c e l l  p e r  s to m a  r a t i o .  S in c e  f i e l d  d a t a  

w as o b t a i n e d  f ro m  t h e  14t h  t h r o u g h , t h e  I S th  l e a f ,  i t  was n e c e s s a r y  t o  

know  w h a t d i f f e r e n c e s '  m ig h t  o c c u r  b e c a u s e  l e a v e s  came fro m  d i f f e r e n t  

i n s e r t i o n s  o n  t h e  l e a f .
,

P o s i t i o n  On t h e  L e a f

V a r i a t i o n  o f  E /S  r a t i o s  o c c u r r i n g  i n  d i f f e r e n t  p l a c e s  o n  t h e  l e a v e s  

w as s t u d i e d  t o  d e te r m in e  t h e  n e c e s s i t y  f o r  s a m p lin g  i d e n t i c a l  a r e a s  i n  

t h e  s t u d y .

E le v e n  l e a v e s  w e re  s e l e c t e d  fro m  v a r i o u s  g re e n h o u s e -g ro w n  t h i s t l e  

p l a n t s  f o r  t h i s  s t u d y .  A l l  l e a v e s  w e re  f ro m  t h e  sam e l e a f  i n s e r t i o n .

■i
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I m p r e s s io n s  w e re  t a k e n  a t  t h e  b a s e ,  n e a r  t h e  c e n t e r - a n d  n e a r  t h e  t i p  o f  

e a c h  l e a f  an d  t h e  E /S  r a t i o s  w e re  d e te r m in e d .

P e n e t r a t j q n  o f  ,2 ,/H S  C -^  i n  D a rk n e s s  a n d  L ig h t

The r a t e  o f  p e n e t r a t i o n  o f  2 ,4 -D  i n t o  t h e  u p p e r  s u r f a c e  o f  

C an ad a  t h i s t l e  l e a f  s e c t i o n s  u n d e r  l i g h t  an d  d a r k  c o n d i t i o n s  w as s t u d i e d .

,F iv e  l e a v e s  w e re  s e l e c t e d  f ro m  g re e n h o u s e  g row n  p l a n t s  o f  t h e  e c o ­

t y p e  LW. Two s e c t i o n s  .o f  15 mm d ia m e te r  w e re  p u n c h e d  fro m  e a c h  l e a f ;  

o n e  t o  b e  t r e a t e d  i n  t h e  d a r k ,  t h e  o t h e r  i n  t h e  l i g h t .  The tw o  s e t s  o f  

s a m p le s  w e re  p r e p a r e d .a n d  t r e a t e d  t h e  sam e e x c e p t  t h a t  t h e  d a r k  t r e a t m e n t  

w as m ade i n  a  g e r m i n a t i o n  d i s h  t h a t  h a d  b e e n  c o m p le te ly  c o v e re d  .w ith  

b l a c k  t a p e  t o  e x c lu d e  a l l  l i g h t ,  w h i l e  t h e  l i g h t  t r e a t m e n t  w as m ade i n  

a  c l e a r  p l a s t i c  g e r m in a t io n  d i s h .  E ach  s e c t i o n  w as c a r e f u l l y  i n s p e c t e d  

f o r  v i s i b l e  dam age t o - t h e  l e a f  s u r f a c e .  Any s m a l l  l e a f  s c r a t c h e s  a t  t h e  

l o c a t i o n  o f  t h e  2 ,4 -D  a p p l i c a t i o n  w e re  r e p o r t e d  t o  h a v e  a  p r o f o u n d  e f f e c t  

o n  t h e  r e s u l t a n t  p e n e t r a t i o n  r a t e  ( 3 2 ) .  A 7 x  7 mm.O.D. g l a s s  "R a s c h ig  

r i n g "  w as a t t a c h e d  t o , e a c h  s e c t i o n  w i t h  l a n o l i n .  The l e a f  s e c t i o n s ,  w e re  

t h e n  p l a c e d  o n  w a te r  s a t u r a t e d  b l o t t e r  p a d s  i n  t h e  tw o  g e r m i n a t i o n  d i s h e s  

T he l i d s  w e re  p l a c e d  o n  t h e  g e r m in a t io n  d i s h e s  a n d  t h e  d i s h e s  i n c u b a te d  

i n  a  g ro w th  ch am b er f o r  I  h o u r  a t  21 C w i t h  a  l i g h t  i n t e n s i t y  n e a r  2000 

f o o t  c a n d l e s „ A 10 m i c r o l i t e r  d r o p l e t  o f  t h e  2 ,4 -D  s o l u t i o n  ( 0 .1  m ic ro ­

c u r i e  o f  i n  1 .8  m ic ro g ra m s  o f  2 ,4 -D  a c i d  a s  t h e  Na s a l t )  was p la c e d  

i n  e a c h  r i n g .  T he s o l u t i o n  w as c a r e f u l l y . r u n  down t h e  s i d e  o f  t h e  r i n g  

s o , t h a t  n o . a i r  w as t r a p p e d  b e tw e e n  t h e  s o l u t i o n  .and  t h e  l e a f  s u r f a c e .

I m m e d ia te ly  f o l l o w i n g  t r e a t m e n t ,  t h e  l i d s  o f  t h e  g e r m i n a t i o n ,d i s h e s  

w e re  r e p l a c e d  an d  t h e  d i s h e s  w e re  p u t  b a c k  i n t o  t h e  g ro w th  ch am b er f o r
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f o u r  h o u r s . The g l a s s  r i n g s  w e re  t h e n  c a r e f u l l y  rem oved  f ro m  e a c h  l e a f  

s e c t i o n  w i t h  t h e  e x c e s s  2 , 4 -D s o l u t i o n  h e l d  i n  t h e  r i n g  b y  c a p i l l a r i t y .  

T he l e a f  s e c t i o n s  w e re  t h e n  t h r o u g h l y  r i n s e d  w i t h  a  w a te r  j e t  f ro m  a  w ash  

b o t t l e .  A c o t t o n  sw ab , m o is te n e d  w i t h  b e n z e n e ,  .w as u s e d  t o  rem o v e t h e  

r e m a in in g  l a p o l i n  f ro m  t h e  s u r f a c e  o f , t h e  l e a f  s e c t i o n .  The s e c t i o n s  

w e re  r i n s e d  o n c e  m ore an d  b l o t t e d  d r y .  The l e a f  s e c t i o n s  w e re  m o u n ted  

i n  c o p p e r  p l a n c h e t s , . d r i e d , , a n d  c o u n te d  i n  a  g a s  f lo w  p l a n c h e t  c o u n t e r .  

P e n e t r a t i o n  o f  2 ,4 -D  i n  F i e l d  Grown L e a v e s

I n  t h i s  s t u d y ,  u n i f o r m  l e a v e s  o f  e a c h  e c o ty p e  w e re  c o l l e c t e d  fro m  

t h e  c h e c k  p l o t s  o f  t h e  f i e l d  p l a n t i n g .  T he l e a v e s  w e re ,  a s  n e a r  a s  

p o s s i b l e , t h e  sam e a g e  an d  f ro m  t h e  sam e i n s e r t i o n .  The s a m p le s  w e re  

p r e p a r e d  an d  t h e  t r e a t m e n t ,w a s  m ade a s  d e s c r i b e d  ab o v e  e x c e p t  t h a t  t h e

w as d e t e c t e d  w i t h  a  l i q u i d  s c i n t i l l a t i o n  d e t e c t o r .  E ach  l e a f  s e c t i o n  

w as p l a c e d  i n  a  l i q u i d  s c i n t i l l a t i o n  v i a l  w i t h  I  m l.  o f  m e th a n o l .  A f t e r  

o n e  h o u r ,  1 2 .5  m l .  o f  a  f l u o r  s o l u t i o n ,  c o n t a i n i n g  4  gm. o f  PPG ( 2 ,5  

D ip h e n y lo x a z o le )  an d  100 3Eg.. PQPOP ( 1 , 4 - b i s - 2 - ( 5 - P h e n y l o x a z o ly l ) - B e n z e n e )  

p e r  l i t e r  o f  t o l u e n e ,  w as a d d e d  t o  e a c h  v i a l .  A g r e e n  c o l o r  d u e  t o  

e x t r a c t e d  c h l o r o p h y l l  w as p r e s e n t  i n  e a c h  v i a l .  C heck d a t a  i n d i c a t e d  

t h a t  v i a l s  c o n t a i n i n g  l e a f  s e c t i o n s  a n d  t h e  g r e e n  c o l o r  g a v e  a  c a l c u l a t e d  

•dpm ( d i s i n t e g r a t i o n s  p e r  m in u te )  e q u a l  t o  85% o f  t h e  sam e t r e a t m e n t  

w i t h o u t  t h e  l e a f  s e c t i o n  a n d  g r e e n  c o l o r .  I t  w as assu m ed  t h a t  a l l  

s a m p le s  w e re  q u e n c h e d  n e a r  t h e  sam e r a t e  b y  t h e  p r e s e n c e  o f  t h e  l e a f  s e c ­

t i o n  an d  t h e  e x t r a c t e d  c h l o r o p h y l l .  F o r  f i n a l  a n a l y s i s  t h e  dpm d a t a ,  

c a l c u l a t e d  f o r  a l l  s a m p le s ,  w e re  co m p ared  d i s r e g a r d i n g  t h e  p r e s e n c e  o f  

t h e  g r e e n  c o l o r  .and l e a f  s e c t i o n s .
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P e n e t r a t i o n ,  o f  2 ,4 -D  i n  G re e n h o u se  Grown L e a v e s

The f i n a l  s t u d y  w as r u n  a s  a  c h e c k  o n  f i e l d  d a t a .  E c o ty p e s  Gk,'

A l ,  G l , FM, FM, a n d  YM w e re  s e l e c t e d  f o r  t h i s  s t u d y  b e c a u s e  o f  t h e i r  

r e l a t i v e  r e s p o n s e  t o  2 ,4 -D  t r e a t m e n t  an d  t o t a l  a r e a  in v o lv e d  i n  s to m a ta .  

E c o ty p e s  G 4, -A l, an d  G l w e re  auiong t h e  m o s t r e s i s t a n t  i n  r e s p o n s e  t o  

2 ,4 - D .  FM, FM, a n d  YM .w ere among t h e  m o s t s u s c e p t a b l e .  S i m i l a r l y  FM,

A l ,  an d  FM h a d  t h e  g r e a t e s t  s t o m a t a l  a r e a  w h i l e  Y M ,.G4, an d  G l h a d  l e s s  

s t o m a t a l  a r e a  p e r  u n i t  o f  l e a f  a r e a .

F iv e  l e a v e s  o f  e a c h  e c o ty p e  w e re  s e l e c t e d  f o r  t r e a t m e n t . F o llo w in g  

t h e  p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e s , . s e c t i o n s  w e re  p u n c h e d  fro m  e a c h  l e a f  

a n d  t r e a t e d  f o r  f o u r  h o u r s  w i t h  l a b e l e d  2 ,4 -D .

A s l i g h t l y  s m a l l e r  d o s e ,  0 .0 8  m i c r o c u r i e s  o f  0^4  i n  10 m i c r o l i t e r ,  o f  

. t h e  2 ,4 -D  s o l u t i o n  w as a p p l i e d .  One m o d i f i c a t i o n  o f  t h e  p r e v i o u s l y  

d e s c r i b e d  p r o c e d u r e  w as m ad e . One m i l l i l i t e r  o f  b e n z e n e  w as u s e d  t o  

e x t r a c t  t h e  2 ,4 -D  i n s t e a d  o f  I  m i l l i l i t e r  o f  m e th a n o l .  W ith  t h i s  

m o d i f i c a t i q n  t h e  c o u n t in g  l i q u i d  d id  n o t  becom e g r e e n  fro m  e x t r a c t e d  

c h l o r o p h y l l s .  One m i l l i l i t e r  o f  b e n z e n e  q u e n c h e s  m ore t h a n  o n e  m i l l i l i t e r  

o f  m e th a n o l ,  , b u t ,  i n  t h e  p r e s e n c e  o f  g r e e n  p l a n t  m a t e r i a l , , t h e  c o u n t in g  

e f f i c i e n c y  i s  h i g h e r  w i t h  b e n z e n e .  , E x a c t  c r o s s  r e f e r e n c e s  c o u ld  n o t  be  

m ade b e tw e e n  s a m p le s  t h a t  w e re  e x t r a c t e d  w i t h  m e th a n o l  an d  s a m p le s  t h a t  

w e r e  e x t r a c t e d  w i t h ,b e n z e n e .



RESULTS AND DISCUSSION

T he d i s t r i b u t i o n  o f  s to m a ta  o n  t h e  u p p e r  l e a f  s u r f a c e  o f  t e n  C anada 

t h i s t l e  e c o ty p e s  was s t u d i e d  i n  r e l a t i o n  t o  t h e  p e n e t r a t i o n  r a t e  o f  2 ,4 -D  

C ^  an d  r e s p o n s e  t o  t r e a t m e n t  w i th  2 ,4 - D .  The r e s u l t s  r e p o r t e d  show  t h e  

d e v e lo p m e n t o f  t h e  s t o m a t a l  s a m p lin g  p r o c e d u r e ,  t h e  e c o ty p e  e f f e c t  o n  t h e  

E /S  r a t i o , an d  t h e  . r a t e . o f  p e n e t r a t i o n  o f  C ^  l a b e l e d  2 ,4 -D  i n t o  l e a f  

s e c t i o n s  o f  t h e  v a r i o u s  C an ad a  t h i s t l e  e c o ty p e s .

A. E f f e c t s  o f  L e a f  I n s e r t i o n  On E /S  R a t io

No s i g n i f i c a n t  d i f f e r e n c e  o f  E /S  r a t i o  w as fo u n d  among l e a f  s a m p le s  

c o l l e c t e d  f ro m  t h e , 25t h ,  I 6t h ,  o r  9t h  i n s e r t i o n  ab o v e  t h e  s o i l  s u r f a c e  

( T a b le  I ) .  T h e re  w ag , h o w e v e r ,  a  t r e n d  to w a r d s  a, h i g h e r  E /S  r a t i o  o n  t h e  

9t h  l e a f  w h ic h ,  i n  t h i s  c a s e ,  w as o n e  o f  t h e  l a s t  r o s e t t e  l e a v e s  fo rm ed  

e a r l y  i n  t h e  d e v e lo p m e n t o f  t h e  p l a n t s .  T h e se  d a t a  i n d i c a t e  t h a t  i n  

y o u n g e r  l e a v e s  w h e re  m o re  e p id e r m a l  c e l l s  p e r  u n i t  a r e a  w e re  p r e s e n t  

t h e r e  was a  c o r r e s p o n d in g  i n c r e a s e  i n  t h e  nu m b er o f  s to m a ta  p e r  u n i t  

, a r e a .  L e a f  s a m p le s  o f  t h e  f i e l d - g r o w n  p l a n t s  w e re  o b t a i n e d  f ro m  t h e  1 4 th  

t o  I d t h  i n s e r t i o n . w h i c h  w as w e l l  ab o v e  t h e  r o s e t t e  l e a v e s ,  t h u s  a v o id in g  

t h e  lo w e r  l e a v e s  w h e re  g r e a t e r  v a r i a t i o n  w as i n d i c a t e d  t o  b e  p r e s e n t .  I t  

w as a ssu m ed  t h a t  p l a n t s  g ro w n  I n  t h e  g re e n h o u s e  w e re  s i m i l a r  t o  f i e l d  

g ro w n  p l a n t s  i n  r e s p e c t  t o  t h e  e f f e c t , o f  l e a f  i n s e r t i o n  o n  t h e  E /S  r a t i o .

B. E f f e c t  o f  S am p le  P o s i t i o n  o n  t h e  E /s  R a t io

-When g re e n h o u s e  g ro w n  l e a v e s  o f  t h e  v a r i o u s  e c o ty p e s  w e re  sam p led  a t  

t h e  b a s e ,  n e a r  t h e  c e n t e r ,  an d  a t  t h e  t i p ,  no s i g n i f i c a n t  d i f f e r e n c e  i n  

E /S  r a t i o  wad fo u n d .  M eans o f  1 3 .9 0  f o r  t h e  b a s e ,  1 4 -0 8  f o r  t h e  c e n t e r ,  

a n d  15 .29  f o r  t h e  t i p  w e re  fo u n d  when t h e  11 s a m p le s  w e re  a v e r a g e d .

T h e se  v a l u e s  w e re  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  f i v e  p e r  c e n t  l e v e l
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o f  p r o b a b i l i t y  a l t h o u g h  t h e r e  w as a  t r e n d  f o r  m ore  s to m a ta  p e r  g iv e n  

n u m b er o f  e p id e r m a l  c e l l s  to w a rd  t h e  b a s e  o f  t h e  l e a v e s .  -T h ese  d a t a  

i n d i c a t e  t h a t  t h e  s a m p lin g  t e c h n i q u e  u s e d , i s  r e l i a b l e .  A l l  f i e l d  s a m p le s  

w e re  c o l l e c t e d  a t  o r  n e a r  t h e  c e n t e r  o f  t h e  l e a f  t o  t h e  s i d e  o f  t h e  

m i d r i b  o n  t h e  u p p e r  s u r f a c e .

TABLE I .  ■ E f f e c t  o f  i n s e r t i o n  l e v e l  o n  t h e  e p id e r m a l  c e l l  p e r  s to m a  r a t i o  
o f  g r e e n h o u s e  g row n  C anada t h i s t l e  l e a v e s .

I n s e r t i o n  L e v e l  .
E c o ty p e s  25 16 9 T o t a l  A v g i/

LW 1 1 .0 9 13 .09 15.81 3 9 .9 9 13.20

A l 1 1 .7 7 12.50 15 .56 39 .83 13 .14

G4 13.70 1 2 .7 0 13 .69 4 0 .09 13.23 d

T o t a l  w  
A v e rag e -^

3 6 .5 6 3 8 .2 9 4 5 .0 6
12.07 12 .64 1 4 .8 7

. ! / m eans n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  5% l e v e l  o f  p r o b a b i l i t y .  
(F  t e s t )
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C. E f f e c t  o f  E c o ty p e  an d  L o c a t io n  o n  t h e  E /S  R a t io

S to m a ta  o n  l e a f  s u r f a c e s  o f  t h e  t e n  C an ad a  t h i s t l e  e c o ty p e s  w e re  

d e te r m in e d  b y  H o d g s o n ^  i n  1964 . S to m a ta l  c o u n ts  p e r  s q u a r e  c e n t i m e t e r  

w e re  fo u n d  t o  v a r y  s i g n i f i c a n t l y  b e c a u s e  o f  a g e  o f  l e a f ,  s i d e  o f  l e a f  

(m o re  o n  t h e  u n d e r  s i d e )  a n d  p o s i t i o n  o n  t h e  l e a f  (m o re  n e a r  t h e  t i p ) „ '

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  g a t h e r e d  i n  1966 b y  t h e  a u t h o r  show ed I

no  d i f f e r e n c e s  i n  n u m b ers  o f  s to m a ta  o r  n u m b ers  o f  e p id e r m a l  c e l l s  am ong j

t h e  t e n  e c o t y p e s , H o w ev er, w hen t h e  E /S  r a t i o  w as d e te r m in e d ,  s i g n i f i c a n t  

d i f f e r e n c e s  among e c o ty p e g  w e re  d e t e c t e d  (T a b le  T l ) .  T he E /S  r a t i o  was 

u n i f o r m  an d  n o t  s i g n i f i c a n t l y  i n f l u e n c e d  b y  l e a f  ag e  o r  s i z e .

The C an ad a  t h i s t l e  e c o ty p e s  a r e  l i s t e d  i n  d e s c e n d in g  o r d e r  o f  E /S  

r a t i o  f o r  t h e  y e a r s  1966 an d  196? (T a b le  I I ) . Some e p o ty p e s  seem  t o

f o l l o w  a  p a t t e r n  f o r  e v e r y  l o c a t i o n  w h i l e  o t h e r s  show  no r e l a t i o n s h i p  '

f r o m  o n e  l o c a t i o n  t o  t h e  n e x t  o r  f ro m  o n e  y e a r  t o  t h e  n e x t . I n  a d d i t i o n

t o  t h e  s i g n i f i c a n t  d i f f e r e n c e s  among e c o ty p e s ,  s i g n i f i c a n t  i n t e r a c t i o n s

o f  e c o ty p e s  x  . l o c a t i o n ,  .e c o ty p e s  x  y e a r s , y e a r s  x  l o c a t i o n s ,  an d  e c o ty p e s

x  l o c a t i o n s  x  y e a r s  w e re  fo u n d .  E n v iro n m e n t a p p a r e n t l y  a f f e c t e d  t h e  E /S

r a t i o  o f  t h e  u p p e r  s u r f a c e  o f  C an ad a  t h i s t l e  l e a v e s .  The t e n  e c o ty p e s

v a r i e d  c o n s i d e r a b l y  b e c a u s e  o f  e n v iro n m e n t o r  lo c a t io n ,- .  " T he E /S  r a t i o

w as g r e a t e r  a t  H u n t le y  t h a n  a t  -Bozeman an d  N ew dale  an d  g r e a t e r  i n  196? I'

t h a n  i n  1 9 6 6 .

^  J .M . H o d g so n , "1 9 6 4  A n n u a l , R e p o r t , M eed C o n t r o l , I n v e s t i g a t i o n s ."
The C ro p s  R e s e a r c h  D i v i s i o n ,  ARS, USDA,, i n  c o o p e r a t i o n  w i t h  M o n tan a  
A g r i . E x p . - S t a t .  an d  R e g io n  6 ,  B u re a u  o f  R e c la m a tio n ,  U SD I.

, ' v



-IV-

' TABLE L I .  R a t io  o f  e p id e r m a l  c e l l s  p e r  s to m a  o f  10 C an ad a  t h i s t l e  
e c o ty p e s  f o r  t h r e e  l o c a t i o n s  i n  tw o  y e a r s .

1967 1966

E /S E /S
L o c a t io n E c o ty p e R a t io L o c a t io n E c o ty p e R a t io

' H u n t le y G3 13 .08 a i / H u n t le y GA 12,16 a
H u n t le y LW 12.63 ab / H u n t le y FM 12.13 a
Bozeman G3 11.96  ab c —'■* H u n t le y G3 1 1 .6A
Bozem an F I 11.96  ab c H u n t le y A l 11.62 ab
H u n t le y G4 11 .38  ab e d Bozem an GA 1 1 . A6 abc
H u n t le y F I 11 .36  ab e d ' H u n t le y . G2 10 .69
H u n t le y Gl 11 .32 a b c d e H u n t le y PW 10.57 b ed
N ew dale G3 11 .30 ab o d e *  Bozem an G3 1 0 .AO
Bozem an PW 11.26 a b c d e *  N ew dale G3 10.33
Bozem an LH 11 .22 a b c d e N ew dale ,GA 1 0 .1 7 cd e
Bozem an .,Gl 11 .22 a b c d e H u n t le y Gl 9 .91 d e f
H u n t le y G2 11.21 a b c d e N ew dale FM 9 .9 6 d e f
N ew dale F I 10 .82 b c d e f H u n t le y TM 9 .73 d e f g
H u n t le y FM 10 .59 b c d e fg Bozeman FM 9 .66 d e f g
H u n t le y LM 10:58 b c d e fg N ew dale Gl 9.A8 d e f g h
Bozem an GA 10 .30 q d e fg N ew dale PW 9.A7 d e fg h
H u n t le y A l 10.26 1c d e fg N ew dale G2 9.A7
Bozem an LW .10.25 c d e fg *  Bozem an F I 9 .3 1
N ew dale -GA 10 .09 c d e fg Bozem an A l 8 .9 6 e f g h
N ew dale LM .9 .95 c d e fg Bozem an PW 8.9A e fg h
Bozem an G2 '9 .90 c d e fg """ N ew dale F I 8 .7 8
N ew dale Gl 9 .7 6 d e f g N ew dale A l 8 .76 e fg h
N ew dale PW 9 .7 2 d e f g N ew dale LN .8 .75 e f g h
N ew dale FM 9 .6 8 d e f g H u n t le y LW 8 .6 8 f g h
H u n t le y PW 9 .5 2 d e f g Bozem an TM 8.A9 f g h
N ew dale G2 9 .3 6 d e f g Bozem an LW 8 .3 0 gh
Bozem an A l 9 .3 2 d e f g Bozeman G l 8 .2 9 gh
.Bozeman FM 9 , IA , e fg N ew dale LW 8 .1 7 h
N ew dale LW 8 .67 f g ' *  Bozem an G2 7 .9 0
N ew dale A l 8 .65 g H u n t le y F I M is s in g

V a lu e s  w i t h  t h e  sam e l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
5$  l e v e l  o f  p r o b a b i l i t y .

T h e se  s a m p le s  w e re  n o t  i n c l u d e d  i n  t h e  o r i g i n a l  a n a l y s i s  o f  v a r i a n c e  
t e s t  b e c a u s e  o f  m i s s i n g  d a t a .  T hey  a r e  p l a c e d  i n  t h e i r  n u m e r ic a l  
o r d e r  h e r e  f o r  c o m p a r a t iv e  p u r p o s e s .
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B o th  y e a r s  a n d  l o c a t i o n s  w e re  s i g n i f i c a n t l y  d i f f e r e n t .  ' I n  1 9 6 6 , t h e

f i e l d  p l o t s  w e re  i n f e s t e d  b y  B uckm oth l a r v a e  an d  m any o f  t h e  lo w e r  l e a v e s
!

w e re  c o m p le te ly  d e v o u r e d . C o n s e q u e n t ly ,  1966 sa m p le  l e a v e s  w e re  t a k e n  

f ro m  s l i g h t l y  h i g h e r  i n s e r t i o n s  t h a n  t h o s e  t a k e n  i n  1 9 6 ?• The ch a n g e  i n  

i n s e r t i o n  s h o u ld  h a v e  h a d  l i t t l e  i n f l u e n c e  o n  t h e  E /s r a t i o , b u t  t h e  r e ­

m o v a l o f  t h e  lo w e r  l e a v e s  b y  t h e  l a r v a e  c o u ld  h a v e  h a d  a n  e f f e c t  o n  t h e  

s u b s e q u e n t  g ro w th  o f  t h e  h i g h e r  l e a v e s . T h is  f a c t o r  c o u ld  h a v e  h ad  some 

e f f e c t  o n  t h e  d i f f e r e n c e s  i n  t h e , E/S r a t i o  fo u n d  b e tw e e n  t h e  y e a r s  1966
i

a n d  1967 .

D. E f f e c t  o f  E c o ty p e  o n  S to m a ta l  A re a  ' ■

P h o to m ic ro g ra p h 's , f ro m  t h e  f o u r ,  r e p l i c a t i o n s  w e re  e n l a r g e d  an d  t h e  

a v e r a g e  a r e a  o f  a  s i n g l e  s to m a  w as c a l c u l a t e d  f o r  e a c h  e c o ty p e .  T h is  

v a l u e  w as a p p l i e d  t o  t h e  E /S  r a t i o  d a t a  f o r  1967 a t  Bozem an an d  a  s t o m a t a l  

a r e a  w as co m p u ted  f o r  e a c h  f i e l d  r e p l i c a t e .  The a v e r a g e  s i z e  o f  s to m a ta  

d i d  n o t  v a r y  s i g n i f i c a n t l y  among e c o t y p e s . H o w ev er, t h e  t o t a l  a r e a  i n ­

v o lv e d  i n  s to m a ta ,  t h a t  i s  t h e  a r e a  o f  t h e  s t o m a t a l  p o r e  an d  i t s  c o r r e s ­

p o n d in g  g u a r d  c e l l s ,  p e r  s q u a r e  c e n t i m e t e r  o f  u p p e r  l e a f  s u r f a c e  v a r i e d  

s i g n i f i c a n t l y  (T a b le  I I I ) .  The a r e a  o f  s to m a ta  was c a l c u l a t e d  u s in g  

a n  a v e r a g e  V a lu e  f o r  t h e  s i z e  o f  e p id e r m a l  c e l l s ,  w h ic h  i n  t h e  1966 

Bozem an d a t a  d i d  n o t  v a r y  s i g n i f i c a n t l y  i n  s i z e .

T h e se  v a l u e s  f o r  t h e  a r e a  o f  s to m a ta  (T a b le  I I I )  c a n  a l s o  b e  ex ­

p r e s s e d  a s  t h e  p e r c e n t a g e  ( 2 .9 2  rm? e q u a ls  2 . 92% o f  I  cm2 ) o f  t h e  t o t a l  

u p p e r  l e a f  s u r f a c e  a r e a  t h a t  i s  i n v o l v e d  i n  s to m a ta .  The d i f f e r e n c e  

b e tw e e n  t h e  h ig h  e c o ty p e  FM w i t h  2 .9 2  mm2 o f  s t o m a t a l  a r e a  an d  t h e  lo w  

e c o ty p e  o f  G l w i t h  1 .8 8  mm2 o f  s t o m a t a l  a r e a ,  was lv 0 4  mm2 o f  s t o m a t a l
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a r e a .  When c o n s i d e r i n g  t h e  l e a f  a r e a ,  1 .0 4  p e r  I  cm^ o r  1 . 04% o f  t h e  

t o t a l  l e a f  a r e a . 'w o u ld  b e  a  v e r y  s m a l l . p o r t i o n , t o  c o n s i d e r .  I f ,  .h o w e v e r , 

o n ,ly  t h e  s t o m a t a l  a r e a  i s  c o n s i d e r e d ,  t h e  u p p e r  s u r f a c e  o f  G l l e a v e s  h ad  

3 5 .6 %  l e s s  s t o m a t a l  a r e a  t h a n  t h e  u p p e r  s u r f a c e  o f  FM l e a v e s .  I f  s to m a ta  

w e re  t h e  m a jo r  p o r t a l s  f o r  t h e . e n t r y  o f  2 ,4 -D  i n t o  l e a f  s u r f a c e s ,  t h i s  

m uch d i f f e r e n c e  c o u ld  b e  v e r y  s i g n i f i c a n t .  H o w ev er, i f  s to m a ta  w e re  o n ly  

m in o r  p o r t a l s ,  t h e  s m a l l  p e r c e n t a g e  o f , s t o m a t a  an d  t h e  e v e n  s m a l l e r  d i f ­

f e r e n c e  b e tw e e n  e c o ty p e s  w o u ld  b e  c o m p le te ly  o v e rsh a d o w e d  b y  t h e  h ig h  r a t e  

o f  n o n - s t o m a t a l  p e n e t r a t i o n .

TABLE I I I .  The a r e a  in v o lv e d  i n  s to m a ta  o n  I  s q u a r e  c e n t i m e t e r  o f  t h e
u p p e r  l e a f ,  s u r f a c e  o f  10 C an ad a  t h i s t l e  e c o ty p e s  'a t  Bozem an, 
M o n tan a  i n  1 9 6 ? .

E c o ty p e mm"
S to m a ta l  a r e a  

cm- ^  l e a f  a r e a

FM 2 .9 2 a i /
G2 2 .7 6 a
A l 2 .4 9 ab
PW ,2 .2 3 b e
LW 2 .1 6 be
G3 2 .1 6 b e
YM 2 .0 9 b e
F I 2 .0 8 be
0 4 ' 2 .0 6 b e
G l 1 .8 8 C

I / V a lu e s  T fith  t h e  sam e l e t t e r  a r e .n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
1% l e v e l  o f  p r o b a b i l i t y .
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E . P e n e t r a t i o n  o f  2 ,4 -D  i n  L ig h t  o r  D ark

C arb o n  14  l a b e l e d  2 ,4 -D  p e n e t r a t e d  i n t o  l e a f  s e c t i o n s  t r e a t e d  i n  

t h e  d a r k  a t  a  s lo w e r  r a t e  t h a n  i n t o  l e a f  s e c t i o n s  t r e a t e d  i n  t h e  l i g h t .  

L e a f  s e c t i o n s  t r e a t e d  i n  t h e  d a r k  a v e ra g e d  70 CPM ( c o u n ts  p e r  m in u te )  

w h i l e  t h o s e  t r e a t e d  i n  t h e  l i g h t  a v e r a g e d  146,. W h e th e r t h i s  d i f f e r e n c e  

i s  d u e  t o  s to m a ta  b e in g  c l o s e d  i n  t h e  d a r k  an d  o p e n  i n  t h e  l i g h t  o r  d u e  

t o  som e m e t a b o l i c  p r o c e s s  t h a t  o c c u r s  i n  t h e  l i g h t  b u t  d o e s  n o t  o c c u r  i n  

t h e  d a r k  i s  n o t  know n. T he m eans g iv e n  a b o v e  a r e  f o r  a  , s i n g l e ,  f i v e -  

r e p l i c a t i o n  e x p e r im e n t  o n ly .  V a r io u s  o t h e r  e x p e r im e n ts  w e re  r u n  i n  w h ic h  

m o re  v a r i a t i o n  was fo u n d .  The l e a f  s e c t i o n s  w e re  c a r e f u l l y  s e l e c t e d  and  

f a i r l y  u n i f o r m  d a t a  w as o b t a i n e d  g i v i n g  th e ,  a b o v e  r e s u l t . Any t y p e  o f  

d e f e c t  o r  i n j u r y  a t  t h e  p o i n t , o f  a p p l i c a t i o n  c a u s e d  a  t re m e n d o u s  i n c r e a s e  

(u p  t o  a b o u t  100 t i m e s )  i n  t h e  am ount o f  C ^  d e t e c t e d  i n  t h e  l e a f .  The 

p l a n c h e t  c o u n t e r  d id  n o t  c o u n t  t h e  d i s i n t e g r a t i o n s  o f  t h e  0^4 v e r y  

e f f i c i e n t l y .  No c o r r e c t i o n  w as m ade f o r  c o u n t  e f f i c i e n c y , o r  s a m p le  

g e o m e try  a s  i t  w as f e l t  t h a t  t h e  s a m p le s  w e re  v e r y  n e a r  t h e  sam e i n  

t h i s  r e s p e c t .

I Zi
F . P e n e t r a t i o n  o f  2 ,4 -D  i n t o  F i e l d  Grown o r  G re e n h o u se  Grown L e a v e s

P e n e t r a t i o n  o f  2 ,4 ^ D  0^4  w as s i g n i f i c a n t l y  d i f f e r e n t  among e c o ty p e s  

w hen  l e a v e s  w e re  g row n  i n  t h e  f i e l d  o r  i n  t h e  g re e n h o u s e  i n  196?

(T a b le  I F . ) .  H ow ever, t h e  C o e f f i c i e n t  o f  v a r i a b i l i t y  f o r  t h e  f i e l d  d a t a  

w as q u i t e  h ig h  i n d i c a t i n g  t h a t  p e n e t r a t i o n  o f  2 ,4 -D  u n d e r  f i e l d  c o n d i t i o n s  

w as e x t r e m e ly  v a r i a b l e  an d  m o re  d e p e n d e n t  u pon , m eth o d  o f  h e r b i c i d e  a p p l i ­

c a t i o n  o r  t h e  p h y s i c a l  c o n d i t i o n  o f  t h e  l e a f  e p id e r m a l  l a y e r s  t h a n  u p o n  

e c o ty p e  d i f f e r e n c e s .
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TABLE IV . DPM o f  C ^  l a b e l e d  2 ,4 -D  t h a t  p e n e t r a t e d . i n t o  l e a f  s e c t i o n s  
.o f  f i e l d  an d  g r e e n h o u s e  g ro w n  C an ad a  t h i s t l e ,  Bozem an, 
-M o n tan a , 1967-

E c o ty p e F i e l d  Grown

l /  
DPM - 1

G re e n h o u se  Grown

G4
2/

1,295 a -/ 500 b

FM 1 ,094  ab 415 b

G3 902  ab

YM 866 ab 6 5 4  a

LW 6 34  ab

A l 504 ab 4 17  b

Gl 504 ab .4 3 1  b

FW 501 ab 482 b

F I 339 b

G2 321 b

— D i s i n t e g r a t i o n s  p e r  m in u te

2/- /  N um bers w i t h  d i f f e r e n t  l e t t e r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
5 $  - l e v e l  o f  p r o b a b i l i t y .
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M e c h a n ic a l  dam age t o  t h e  l e a f  a p p e a re d  t o  t h e  m a jo r  c a u s e  o f  t h i s  

v a r i a t i o n .  T h e r e f o r e ,  i t  a p p e a r s  t h a t  p o o r  p e n e t r a t i o n  c a u s e d  b y  im ­

p e r v io u s  e p id e r m a l  l a y e r s  c o u ld  b e  o v e rco m e  b y  s c r a t c h i n g  o r  o th e r w is e  

d i s r u p t i n g  t h e  l e a f  s u r f a c e  p r i o r  t o  t r e a t m e n t .

The sam e t y p e  v a r i a t i o n ,  b u t  t o  a  l e s s e r  e x t e n t ,  w as e x p e r ie n c e d  

w i t h , l e a v e s  g ro w n  i n  t h e  g r e e n h o u s e .  A sa m p le  w o u ld  o c c a s i o n a l l y  t u r n  

u p  w i t h  a  r e a d i n g  10 t o  '30 t im e s  g r e a t e r  t h a n  t h e  u s u a l  r a n g e .  On m ost 

o c c a s i o n s ,  t h e s e  s a m p le s  c o u ld  b e  p i c k e d  o u t  b e f o r e . t h e  r e a d i n g s  w e re  

t a k e n .  T h e se  s a m p le s  u s u a l l y  h a d  v i s i b l e  dam age o r  t h e  t r e a t m e n t  s o l u t i o n  

w as ,c o m p le te ly  a b s o r b e d . S u ch  s a m p le s  w6re ' d i s c a r d e d .

Gr. R e l a t i o n  o f .E / S  R a t io  an d  2 ,4 -D  P e n e t r a t i o n  t o  R e sp o n se  t o  2 , A-D • 

The d a t a  , c o l l e c t e d  i n  196? f o r  t h e  r e s p o n s e  o f  t h e  t e n  e c o ty p e s  t o  

' t r e a t m e n t  w i t h  2 ,4 -D  i n  1966 w e re  n o t  u s e d  i n  t h i s  a n a l y s i s  a s  m any ,o f  

t h e  p l o t s  becam e c o n ta m in a te d  b y  m ix in g  o f  e c o ty p e s  a n d  t h e  d a t a  was

q u i t e  e r r a t i c .  R e sp o n se  o f  t h e s e  e c o ty p e s  t o  2 ,4 -D  t r e a t m e n t  w as s t u d i e d

I 2 /
p r e v i o u s l y  b y  H odgson  an d  t h e  r a n k in g  o f  e c o ty p e s  .fo u n d  . i n  t h a t  s tu d y  

i s .  u s e d  h e r e  f o r  c o m p a r is o n s .

The f o u r  y e a r  a v e r a g e  p e r c e n t  s u r v i v a l ,  t h e  s t q m a t a l  a r e a  f o r  1 9 6 ? , 

a n d  t h e  r e l a t i v e  p e n e t r a t i o n  r a t e s  o f  t h e  t e n  C anada t h i s t l e  e c o ty p e s  a r e  

l i s t e d , i n  d e s c e n d i n g .o r d e r ,  (T a b le  V ) .

The c o r r e l a t i o n  c o e f f i c i e n t s  f d r  t h e  t h r e e  p o s s i b l e  r e l a t i o n s h i p s  

b e tw e e n  t h e  a b o v e  t h r e e  c h a r a c t e r s  .a r e  a l s o  g iv e n .  T h e re  w as no

2/ J .M . H o d g so n , " A n n u a l R e p o r t s ,  Weed C o n t r o l  I n v e s t i g a t i o n s . "  The 
C ro p s  R e s e a r c h  D i v i s i o n ,  ARS, USDA, . i n  c o o p e r a t i o n  w i t h  M o n tan a  A g r i . 
E x p . S t a t . an d  R e g iq n  6 , B u re a u  o f  R e c la m a tio n ,  USDI, I9 6 0  t h r u  1 9 6 3 .
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s i g n i f i c a n t  c o r r e l a t i o n  b e tw e e n  t h e  f o u r  y e a r  a v e r a g e  p e r c e n t  s u r v i v a l  

a n d  e i t h e r  t h e  s t p m a t a l  a r e a  o r  t h e  2 , 4 - D .G ^  p e n e t r a t i o n  r a t e .  T h e re  

w as a l s o  no s i g n i f i c a n t  c o r r e l a t i o n  b e tw e en , t h e  r a t e  o f  p e n e t r a t i o n  .o f

2 . 4 -  D an d  t h e  s t o m a t a l  a r e a .

T h e re  seem s t o  b e  v e r y  l i t t l e  e v id e n c e  t h a t  t h e  v a r i a t i o n  i n  r e s p o n s e  

o f  t h e  t e n  C an ad a  t h i s t l e  e c o ty p e s  t o  2 ,4 -D  t r e a t m e n t  was , r e l a t e d  t o  

e i t h e r - t h e  num ber o f  s to m a ta  p r e s e n t  o n  t h e  u p p e r  s u r f a c e  o f  t h e  l e a f  o r  

t h e  r a t e  a t  w h ic h  2 ,4 -D  p e n e t r a t e d  i n t o  t h i s  s u r f a c e .

S to m a ta  d i d  n o t  a p p e a r  t o  b e  t h e  m a jo r  p o r t a l s  f o r  t h e  e n t r y  o f

2 . 4 -  D i n t o  t h e  u p p e r . s u r f a c e  o f  C an ad a  t h i s t l e  l e a v e s .  F u r th e r m o r e ,  t h e  

r a t e  a t  w h ic h .2 ,4 - D  p e n e t r a t e d  i n t o  t h e  u p p e r  s u r f a c e  o f  C an ad a  t h i s t l e  

l e a v e s  d id  n o t  a p p e a r  t o  b e  t h e  l i m i t i n g  f a c t o r  i n  d e t e r m in in g  t h e  

r e s p o n s e  o f  a  g i v e n  e c o ty p e  t o , t r e a t m e n t . w i t h  2 ,4 -D .
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TABLE V. The r e l a t i o n s h i p s  
2 ,4 -D  s u r v i v a l  o f

b e tw e e n  p e n e t r a t i o n ,  s t o m a t a l  a r e a ,  
C an ad a  t h i s t l e  e c o ty p e s  a t  B ozem an,

and
M o n tan a .

4  y e a r  a v g . s u r v i v a l  
f ro m  2 ,4 -D  t r e a t m e n t

■S to m a ta l  a r e a  
p e r  cm^ o f  l e a f

2 ,4 -D  C14 
p e n e t r a t i o n

E c o ty p e % E c o ty p e 2mnr' E c o ty p e dpm

04 7 4 .8 FM 2 .9 2 FM .1094

A l 5 9 .4 02 2 .7 6 04 999

G l 5 2 .0 A l 2 .4 9 03 941

02 ' 4 4 .6 PW 2 .23 YM 868

LW 3 9 .1 03 ■ 2 .1 6 LW 561

F I 3 6 .0 LW 2 .1 6 01 504

03 3 5 .0 F I 2 .0 8 A l 504

YM 3 3 .3 YM 2 .0 9 -PW 501

PW 3 0 .4 04 2.06' F I 339

FM 2 1 .6 01 1 .8 8 02 320

C o r r e l a t i o n  C o e f f i c i e n t s :

S u r v i v a l  w i t h  a r e a  r  =  -» 3 1 5  N .S . 
P e n e t r a t i o n  w i t h  a r e a  r  =  .0 9 4  N .S . 
P e n e t r a t i o n  w i t h  s u r v i v a l  r  =  .0 0 7  N .S .

N .S . N o•s i g n i f i c a n t  c o r r e l a t i o n  a t  t h e  5% l e v e l  o f  p r o b a b i l i t y .



SUMMARY

T en e c o ty p e s  o f  C anada t h i s t l e ,  w h ic h  show  v a r i a t i o n  i n  r e s p o n s e  t o  

t r e a t m e n t  w i th  2 ,4 -D  w e re  s t u d i e d .  T he d i s t r i b u t i o n  o f  s to m a ta  o n  t h e  

u p p e r  l e a f  s u r f a c e  w as , s t u d i e d  a s  t h e  E/S r a t i o .  The r a t e  o f  p e n e t r a t i o n  

o f  2 ,4 -D  i n t o  l e a f  s e c t i o n s  p u n c h e d  f ro m  l e a v e s  o f  t h e  e c o ty p e s  was 

s t u d i e d  u n d e r .v a r i o u s  c o n d i t i o n s .  The r e l a t i o n s h i p  b e tw e e n  t h e  r e s p o n s e  

t o  t r e a t m e n t ■w i t h  2 ,4 - D ,  t h e  E/S r a t i o , an d  t h e  p e n e t r a t i o n  r a t e  o f

2 ,4 -D . C14 i n t o  l e a f  s e c t i o n s  w e re  co m p ared  s t a t i s t i c a l l y .

The p r o c e d u r e  o f , u s i n g  p h o to m ic ro g ra p h s  o f  "Duco" cem en t l e a f  

im p r e s s i o n s  f o r  c o u n t in g  o f  s to m a ta  an d  e p id e r m a l  c e l l s  w as q u i t e  

a c c u r a t e .  The. u s e  o f  t h e  e p id e r m a l  c e l l  p e r  s to m a  (E /s) r a t i o  e l i m in a t e d  

■ v a r i a t i o n s  d u e  t o  l e a f  s i z e  an d  a g e .

The t e n  C an ad a  t h i s t l e  e c o ty p e s  d i f f e r e d  s i g n i f i c a n t l y  i n  t h e  

e p id e r m a l  c e l l  p e r  s to m a  r a t i o .  T h is  r a t i o  w as n o t  c o n s t a n t  w hen p l a n t s  

w e re  g ro w n  a t  d i f f e r e n t  l o c a t i o n s  o r  d i f f e r e n t  y e a r s  f o r  a  g iv e n  e c o ty p e .

Any d am ag e , e v e n  w hen v e r y  s l i g h t , w i l l , g r e a t l y  i n c r e a s e  t h e  r a t e  

a t  w h ic h  2 ,4 -D  C ^  p e n e t r a t e s  i n t o  l e a f , s e c t i o n s  o f  C an ad a  t h i s t l e .  A 

s i g n i f i c a n t  d i f f e r e n c e  w as .fo u n d  i n  t h e  r a t e  a t  w h ic h .2 ,4 - D  p e n e t r a t e d  

i n t o  t h e  l e a f  s e c t i o n s  o f  t h e  v a r io u s  C an ad a  t h i s t l e  e c o t y p e s . T h is  

d i f f e r e n c e ,  h o iy e v e r , .was q u e s t i o n e d  b e c a u s e  o f  t h e  l a r g e  am ount o f  

v a r i a t i o n  i n  t h e  d a t a  a s  i n d i c a t e d  b y xt h e  l a r g e  c o e f f i c i e n t  o f  v a r i a b i l i t y .

T h e re  w as no c o r r e l a t i o n  b e tw e e n  t h e  r a t i o  o f  e p id e r m a l  c e l l s  p e r  

s to m a  o r  t h e  t o t a l  a r e a  in v o lv e d  i n  s to m a ta  an d  t h e  r e s p o n s e  o f  t h e  

v a r i o u s  e c o ty p e s  t o  t r e a t m e n t  ,,w ith , 2 ,4 - D .  T h e re  was a l s o  no , c o r r e l a t i o n  

b e tw e e n  t h e  r a t e  a t ,w h i c h  2 ,4 -D  C -^ p e n e t r a t e d  i n t o  l e a f  s e c t i o n s  o f  t h e  

v a r i o u s  C a n a d a - t h i s t l e  e c o ty p e s  a n d  t h e  r e s p o n s e  o f  t h e  sam e e c o ty p e s
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t o  2 ,4 -D  t r e a t m e n t  i n :.th e  f i e l d .

T he r a t e  a t  w h ic h  2 ,4 -D  p e n e t r a t e d  i n t o  t h e , u p p e r  s u r f a c e  o f  C anada 

t h i s t l e  l e a v e s  w as p r o b a b ly  n o t. Ibhe m a jo r  f a c t o r  i n f l u e n c i n g  t h e  r e s ­

p o n s e  o f , t h e  C an ad a  t h i s t l e  e c o ty p e s  t o  t r e a t m e n t  w i th  2 ,4 - D .  T h is  w o u ld  

, e l i m i n a t e , t h e  p o s s i b i l i t y  t h a t  t h e  d i s t r i b u t i o n  o f  s to m a ta  o r  t h e  t o t a l  

s t o m a t a l  a r e a  o n  t h e  u p p e r  l e a f  s u r f a c e  o f  a  g iv e n  e c o ty p e  w o u l d . i n f lu e n c e  

i t s  r e s p o n s e  t o  2 ,4 -D  t r e a t m e n t .  S to m a ta  d i d  n o t  a p p e a r  t o  b e  a  s i g n i f i ­

c a n t  p o r t a l  o f  e n t r y  o f  2 , 4 -D i n t o  t h e  u p p e r  l e a f  s u r f a c e  o f  C anada 

t h i s t l e  l e a v e s .
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APPENDH TABLE I . U S o u rc e  an d  d e s i g n a t i o n  o f  10 C anada t h i s t l e  e c o ty p e s  
w i t h  b r i e f  l e a f  an d  f l o w e r  d e s c r i p t i o n s .

E c o ty p e 2 / L e a v e s F lo w e rs

S o u rc e D e s . S h ap e M a rg in F l o r e t s ^ /  C o lo r

A d a , Id a h o A l O v a te A lm o st f l a t ,  lo b e d  
l o b e s  up  t o  3 cm.

P P a l e  b lu e

F re m o n t ,  Id a h o ■FI O b la n c e o la t e R u f f l e d , - l o b e s . up 
t o  4 -5  cm.

• P P u r p l e

G a l l a t i n , - M o n t a n a G l L a n c e o l a t e  t o  
o b l a n c e o l a t e

W avy, lo b e d ,  l o b e s  
up  t o  2 .7  cm.

P P u r p le

G a l l a t i n ,  M o n tan a G2 L i n e a r  l a n c e o ­
l a t e

W avy, lo b e d ,  l o b e s  
up  t o  4 .5  cm.

S - Deep p u r p l e  
( im p )

G a l l a t i n ,  M o n tan a G3 L a n c e o l a t e l t o  
o b l a n c e o l a t e

D e e p ly ,  r u f f . Ie d y  
l o b e s  up  t o  4  cm.

S W h ite  
( im p )

■ G a l l a t i n ,  M o n tan a G4 S y m m e tr ic a l  
l a n c e o l a t e

E n t i r e ,  f l a t  t o  
w avy o c c a s i o n a l  

. b r i s t l e s

P P u r p l e

Y e l lo w s to n e ,
M o n tan a

YM L a n c e  s h a p e d  • 
.s y m m e tr ic a l

D e e p ly  r u f f l e d ,  ■ 
. l o b e s  up  t o  4  cm

P P a l e  b lu e

F e r g u s ,  M o n tan a FM L a n c e o l a t e  t o  
o b l a n c e o l a t e

W avy, l o b e d ,  l o b e s  
up  t o  3 . 0  cm.

P P a l e  b lu e

P r o s s e r ,
'W a s h in g to n

PW O b la n c e o la t e D e e p ly  r u f f l e d ,  
l p b e s  u p  t o  ,5 cm.

P L ig h t  p u r p l e

L a r a m ie ,
W yoming

LW L a n c e o la t e W avy, l o b e d ,  l o b e s  
u p  t o ,25 cm.

P 'P a l e  b lu e

A f t e r  H o d g so n , J .M . 1 9 6 4 , V a r i a t i o n s  i n  e c o ty p e s  o f  C an ad a  t h i s t l e  
W eeds 1 2 : 1 6 7 -1 7 1 .
A s p e c im e n  o f  e a c h  e c o ty p e  i s  o n  f i l e  i n  t h e  M o n tan a  S t a t e  U n i v e r s i t y  
H e rb a r iu m .
P - p i s t i l l a t e , ' S =  s t a m i n a t e ,  im p =  i m p e r f e c t l y

U
2/
3 /



APPENDIX TABLE I I .  E f f e c t  o f  l e a f  i n s e r t i o n  o n  t h e  e p id e r m a l  c e l l  p e r
s to m a  r a t i o  o f  g re e n h o u s e  g row n C anada t h i s t l e .

- 2 9 -

S am p le L e a f , I n s e r t i o n

25 16 9 T o t a l

LW1 10 .52 1 1 .9 1 14.35 3 6 .7 8

LW2 1 1 .6 5 1 4 .2 6 ,1 7 .2 7 4 3 .1 8

A Ii 13 .37 1 2 .4 1 13.87 39 .65

A I2 10.16 12 .58 17 .24 3 9 -9 8

1 6 .8 0 13.21 11.63 4 1 .6 4

10.60 12.20 15.74 3 8 .5 4

T o t a l 7 3 .1 0 76 .57 90.10 239.77

A v g . 1 2 .1 8 12 .76 15.01

A n a ly s i s  o f  V a r ia n c e

S o u rc e  o f  E r r o r d . f .
Sum ,of 

• S q u a re
Mean 

■ S q u a re F .

T o t a l 17 86.685

I n s e r t i o n 2 26.895 13.448 2 .6 0 4  N .S .

R e p l i c a t i o n 5 9 .139 1 .828

E r r o r 10 51.651 5.165

N . S .• N ot s i g n i f i c a n t  a t  t h e  5% l e v e l .
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APPENDIX TABLE I I I .  The e f f e c t  o f  t h e  p o s i t i o n  o f  t h e  s a m p le  o n  t h e  l e a f
o n  t h e  e p id e r m a l  c e l l  p e r  s to m a  r a t i o  o f  g re e n h o u s e  
g ro w n  C an ad a  t h i s t l e .

P o s i t i o n  o n  L e a f

S am p le  No. B ase C e n te r T ip T o t a l A v e rag e

I 1 4 .5 4 13 .12 12.63 . 4 0 .2 9 13,42
2 20 .57 2 1 .4 2 2 2 .42 6 4 .4 1 21.45
3 16 .42 16.75 19.60 , 52 .77 17.57
4 12.13 13.27 2 1 .4 2 4 6 .8 2 15.59
5 14 .50 15.91 1 2 .7 1 4 3 .1 2 14.36
6 11.53 1 3 .1 4 15 .00 ,3 9 .6 7 13.21
7 16.45 17.30 12.53 4 6 .2 8 15.41
8 12 .36 12.35 10 .48 .3 5 .1 9 11.72
9 13.73 ,1 1 .9 5 15 .29 40 .97 1 3 .6 4

10 1 0 .0 0 10.85 13 .22 3 4 .0 7 11.35
11 10 .72 8 .7 9 12 .89 3 2 .4 0 10.79

T o t a l 152.95 154.85 168.19 475 .99 14.42
A v e ra g e 13 .90 14 .08 15 ,29

A n a ly s i s  o f V a r ia n c e
Sum o f Mean

S o u rc e  o f  E r r o r D .F . S q u a re S q u a re F

T o t a l ■ 3 2 409 .44
L o c a t io n 2 2 1 .5 4 6 .27 1 .1 1 7  N.S.
R e p l i c a t i o n 10 284 .68 28.47 5 .0 7 4  **
E r r o r 20 112.22 5 .61

N .S . N ot s i g n i f i c a n t  a t ,5% l e v e l  
S i g n i f i c a n t  a t ' 1% l e v e l
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APPENDIX TABLE IV . E p id e rm a l  c e l l  p e r  s to m a  r a t i o  o f  7 C an ad a  t h i s t l e
e c o ty p e s  g ro w n  a t  Bozem an an d  H u n t le y ,  - M o n tan a , and  
N e w d a le , Id a h o  i n  1966 an d  1 9 6 ? .

E co ty p

E p id e rm a l  C e l l p e r  S tom a (E /s) R a t i o s  a t  Bozeman

T o t a l
G rand
T o t a l>e I

1966

I I  I I I IV T o t a l I

' 196?

I I  I I I IV

A l 8 .2 8 8 .7 8 9 .6 1 9 .1 8 35 .85 8.13 lOOOOvl0v64410C47' 3 9 .2 4 75 .09
G l 8 .0 2 8 .15 8 .1 1 8 .8 6 3 3 .1 4 9 . # 12.25. 11.84 9 .25 43.14 7 6 .2 8
PW 9-59 9 .2 2 8 .6 1 8.35 3 5 .7 7 1 1 .6 6 11.81 11.13 9 .4 1 44-01 7 9 .7 8
LW ' 7 .9 8 9 . AO 7.5A 8 .2 6 3 3 .1 8 9 .7 9 11 .89 9 .7 0 9 .8 7 41.25 74.43
GA 122 2 9 ^ 9 .9 7 1 1 .3A 12.24 4 5 .8 4 10.95 10.12 11.17 10 .19 42.43 88 .27
FM 8.A6 10.59 11.07 8 .51 38 .63 9 .3 6 9.03 8.53 7 .7 7 3 4 .6 9 73 .32
TM 7 .7 6 8 .3 8 9 .9 6 7 .8 4 3 3 .9 4 12.43 10.00 10.12 1 1 .88 44.43 78 .37
T o t a l 6 2 .3 8  6A.A9 6 6 .2A 6 3 .2A 256.35 7 2 .12 7 5 .10 73.13 68:84  289 .19 545.54

E p id e rm a l C e l l p e r  S tom a R a t io  a t H u n t le y
1966 1967

G ran d
E c o ty p e  I I I I I I IV T o t a l I I I I I I IV T o t a l T o ta l

A l 10 .90 11 .80 12.07 11.71 4 6 .4 8  1 3 .58 8 .4 1 7 ,45 81.33 .4 0 .6 5 87.13
G l 9 .27 10.35 9 .9 9 10.01 3 9 .6 2 15 .18 11.8? 8.43 1 1 .08 46 .56 86 .18
PW 11.27 10.76 9 .5 9 10 .64 42 .26 1 0 .04 9 .3 2 8.35 1 1 .28 3 8 .9 9 81.25
LW 8 .9 9 8 .73 9 .0 6 7 .9 2 3 4 .7 0 12 .54 11 .62 12.81 13 .89 50.86 85-56
GA 1 2 .A5 13 .12 11.23 11 .84 4 8 .6 4  1 3 .5 8  11.61 10.91 1 1 .68 4 7 .7 8 96 .42
FM 12.13 11 .88 1 3 .84  10 .66 48 .51 9 .9 7 12 .12 11.09 10 .02 43 .20 91.71
TM 9 .25 9 .3 0 9.23 11.12 3 8 .90 10.17 9 .0 6 11.41 12 .17 42 .81 81 .71
T o t a l 7A.26 7 5 .9A 75 .01 73 .90 299.11 85 .06 74 .01 70.45 81:33 310.85  609 .96

E c o ty p e  I

E p id e rm a l C e l l  p e r  S tom a R a t io  a t  N e w d a le , Id a h o

G rand
T o t a lI I

1966

I I I IV T o t a l I I I

1967

I I I IV T o ta l

A l 8.35 10.20 7 .8 6 8 .6 4 35 .05 8 .8 6 8 .5 4 8 .1 0 8 .0 9 3 3 .5 9 68 .64
G l 8 .9 9 10 .06 9.36" 9 .5 0 37 .91 11.73 10.31 8 .31 9 .53 3 9 -8 7 . 7 7 .7 8
PW 9 .3 2 8:66 10 .58 9 .3 2 3 7 .8 8 9 .9 1 10 .39 8 .36 10 .41 39 .07 76 .95
LW 8 .51 7 .0 0 9 .3 7 7 .8 0 3 2 .6 8 10 .54 8 .4 7 10.66 7 .15 3 6 .8 2 69 .50
GA 10.40 10.27 8 .4 9 11.52 4 0 .6 8 9 .1 7 11.43 9 .3 9 10.83 40 .82 81 .50
FM 10.52 9 .6 2 9 .5 8 9.73 39 .45 8 .3 2 10 .29 1 1 .1 1 10.06 3 9 .7 8 79.23
TM 8 .6 0 8 .5 9 9 .0 8 8.71 3 4 .9 8 8 .1 0 12.71 11.22 10.05 4 2 .0 8 77 .06
T o ta l 6 4 .69  6 4 .4 0  6 4 .3 2  6 5 .22  258.63 66 .63 72.13 67.15' 6 6 .1 2 273.03 530.66
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APPENDIX TABLE"V. A nalysis  o f v a ria n c e  t a b le  f o r  th e  epiderm al c e l l /
s to m a  r a t i o  o f  t h e  7 C an ad a  t h i s t l e  e c o ty p e s  grow n 
a t  Bozem an an d  H u n t le y ,  M o n tan a  an d  N ew d ale ,  Id a h o  
i n  1966 an d  1 96?-

S o u rc e  o f  V a r i a t i o n d . f .
Sum o f  
S q u a re

M ean
S q u a re F .

T o t a l 167 401.25

E c o ty p e s 6 3 7 .7 0 6 .2 8 9 .2 4  **

L o c a t io n 2 63 .45 3 1 .73 46 .66

Y e a rs I 20 .01 20 .01 29.43  **

R e p s , w i t h i n  L o c . 9 12.23 1 .36 2 .0 0  *

E c o ty p e  x  L o c „ 12 21 .23 1.77 2 .6 0  **

E c o ty p e  x  Y e a rs 6 53 .91 8 .9 9 13 .22  **

Y e a rs  x  L o c . 2 4 .9 1 2 .4 6 3 .6 2  *

E c o ty p e  x  Y e a rs  x  L oc - 12 108.09 '9 .0 1 13.25 **

E r r o r 117 7 9 .7 2 .68

S i g n i f i c a n t  a t  5 /  l e v e l

-"-X S i g n i f i c a n t  a t  1% l e v e l
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APPENDIX TABLE V I. Number o f  e p id e r m a l  c e l l s  o n  p h o to m ic ro g ra p h s  o f
C anada t h i s t l e  l e a f  i m p r e s s io n s  a t  B ozem an, M o n tan a  
i n  1 9 6 6 .

N um bers o f  E p id e rm a l  C e l l s

E c o ty p e I I I I I I IV V T o t a l Ave

G3 283 , 201 180 233 191 1090 2 1 8

FW 2 7 8 202 219 246 250 1193 239

LW 162 164 165 223 229 943 189

04 28$ 2 34 217 221 246 1223 243

FM 193 1 88 221 202 2 34 1040 2 0 8

02 179 236 231 209 207 1062 212

A l 220 273 2 4 8 211 2 3 4 1188 2 3 8

G l 264 190 2 52 226 3 06 1238 2 48

F I 223 243 2 2 ? 196 243 1136 227

YM 283 209 2 29 144 199 1064 213

T o t a l 2374 2162 2189 , 2113 2341 1 1 ,1 7 9 2 24

A n a ly s i s o f  V a r ia n c e

S o u rc e  o f V a r i a t i o n d . f .
Sum o f  
S q u a re

Mean
S q u a re F

T o t a l 49 3 9 .3 9 0

R e p l i c a t i o n s 4, .5 .2 8 8 1 3 2 2 .0 1 .2 5 N .S .

E c o ty p e 9 1 6 .0 2 4 1 7 8 0 .4 1 .6 8  N .S .

E r r o r 36 3 8 .0 7 8 , 1 0 5 7 .7

N . S .  N ot s i g n i f i c a n t  a t  t h e  5% l e v e l
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APPENDIX TABLE V I I .  Number o f  s to m a ta  o n  e a c h  p h o to m ic ro g ra p h  o f  l e a f
im p r e s s io n s  f ro m  C an ad a  t h i s t l e  l e a v e s  g row n  a t  
B ozem an, M o n ta n a , 1 9 6 6 .

Number o f  S to m a ta

E c o ty p e s I I I I I I  IV V T o t a l A vg.

G3 28 17 18 23 19 105 21

PW 29 22 25 29 30 135 27

LW 21 28 23 30 27 ' 119 24

G4 23 26 25 20 20 114 23

FM 23 .19 22 19 28 i l l 22

G2 23 23 33 24 24 127 • 27

A l 27 3 2 33 . 22 26 140 28

Gl 33 24 29 28 33 147 29

F I 33 28 24 18 24 127 25

IM 37 25 27 15 25 129 26

T o t a l 277 244 259 228 256 1264 25

A n a ly s i s o f  V a r ia n c e

S o u rc e  o f V a r i a t i o n d . f .
Sum o f  
S q u a re

Mean
S q u a re F

T o t a l 49 1258 .08

R e p l i c a t i o n s 4 132 .68 33 .170 1.532 N .S.

E c o ty p e s 9 3 4 1 .2 8 37 .920 1 .7 4 1  N .S .

E r r o r 36 384 .12 21.780

N .S . N ot s i g n i f i c a n t  a t  3% l e v e l
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APPENDIX TABLE V I I I .  T he t o t a l  a r e a  i n v o lv e d  i n  s to m a ta  p e r  cm^ o f
l e a f  a r e a  o f  t h e  u p p e r  s i d e  o f  C an ad a  t h i s t l e  l e a v e s .  
B ozem an, M o n ta n a , 1 9 6 ?•

A re a  i i
2

i  mm

E c o ty p e I I I I I I IV ■ V ■ T o ta l Avg

Gl 2 .1 1 1 .7 0 1 .76 2 .2 4 1.61 9 .4 2 1 .8 8

G2 2 .3 6 3 .0 5 3 .0 5 2 .5 2 2 .8 0 13 .78 2 .7 6

G3. 1 .96 2 .36 2 .23 2 .13 2 .1 4 10.82 2 .16

GA 1.93 2 .0 8 1 .8 9 2 .0 7 2 .3 2 10 .29 2 .0 6

FW 2 .1 4 2 .1 2 2 .2 4 2 .6 4 2 .0 2 11.16 2 .23

LW 2 .2$ 1 .87 2 .2 7 2 .23 2 .2 0 10 .82 2 .1 6

A l 2 .7 9 2 .2 8 2 .1 5 3 .0 3 2 .1 8 12.43 2 .4 9

F I 2 .1 2 1 .97 1 .9 9 2 .1 8 2 .15 10.41 2 .0 8

FM 2 .8 2 2 .9 2 3 .0 8 3 .3 8 2 .4 1 14.61 2 .9 2

IM 1 .8 8 2 .3 2 2 .2 9 1 .9 6 2 .0 0 10.45 2 .0 9

T o t a l 2 2 .36 22 .6? 22.95 24-38 21.83 114.19 2 .2 8

A n a ly s i s o f  V a r ia n c e

S o u rc e  o f V a r i a t i o n d . f .
Sum o f  
S q u a re

Mean
S q u a re F

T o t a l 49 7 .5342

E c o ty p e s 9 4 .9582 .5509 8.97 -:h:-

R e p l i c a t i o n s 4 .3993 .0916 1.49  N .S.

E r r o r 36 2 .2097 .0 6 1 4

N . S .  N ot s i g n i f i c a n t  a t  5% l e v e l

S i g n i f i c a n t  a t  1% l e v e l

\
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a p p e n d ix  TABLE IX . P e n e t r a t i o n  o f  2 ,4 -D  C a s  a s s e s s e d  b y  t h e  CPM o f
t h e  w ash ed  l e a f  s e c t i o n s  o f  C anada t h i s t l e  l e a v e s  
t r e a t e d  i n  t h e  l i g h t  an d  t h e  d a r k .

Counts P er M inute

T re a tm e n t I I l I I I IV V T o t a l A vg.

D ark 42 70 ■ 69 '88 82 351 70

L ig h t 134 106 183 174 137 734 146

176 176 252 262 219 1085 108

A n a ly s i s  o f  V a r ia n c e  

S o u rc e  o f  V a r i a t i o n d . f .
Sum o f  
S q u a re s

■ M ean 
S q u a re F

T o t a l 9 1 9 .8 9 6

T re a tm e n t I 1 4 .6 6 8 14= 6 68 3 0 .5 6  * *

R e p l i c a t i o n s 4 3 » 3 0 8 .8 2 ? 1 .7 2  N .S

E r r o r 4 1 .9 2 0 .4 8 0

N .S . N ot s i g n i f i c a n t  a t  5% l e v e l  

-'H(- S i g n i f i c a n t  a t  1% l e v e l
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APPENDIX TABLE X. P e n e t r a t i o n  o f  2 , A-D C ^  a s  a s s e s s e d  b y  t h e  DPM o f
t h e  w ash ed  l e a f  s e c t i o n s  o f  C anada t h i s t l e  l e a v e s , 
f i e l d  g row n  a t  B ozem an, M o n ta n a , 1 9 6 ? .

D i s i n t e g r a t i o n s  P e r  M in u te

E c o ty p e I I I I I I IV V T o t a l A vg.

Gl 2A1 1,071 535 337 338 2 ,522 504

G2 A83 381 140 334 26? 1,605 321

G3 1 ,678 557 1 ,128 745 404 4 ,5 1 2 902

GA 1,070 517 1,341 1 ,068 2 ,480 6 ,476 1,295

PW A87 315 669 517 519 2 ,507 501

LW 705 43 A 1,123 363 544 3 ,1 6 9 634

A l 313 6AA .953 452 159 2,521 504

F I 393 218 251 178 653 1,693 .3 3 9

FM 1,673 1,135 1,936 390 334 5 ,4 6 8 1 ,094

IM 8A5 997 720 910 860 4 ,3 3 2 866

T o t a l 7 ,8 8 8 6 ,2 6 9 8,796 5 ,2 9 4 6 ,5 5 8  34 ,805 696

A n a ly s i s  o f V a r ia n c e

S o u rc e  o f  V a r i a t i o n d . f .
Sum o f  
S q u a re s

M ean
S q u a re F

T o t a l A9 11 ,651 ,773 ’■>.

E c o ty p e s 9 4 ,8 6 1 ,7 9 5 540,199 3 ,2 2 8  **

R e p l i c a t i o n s 4 764 ,762 191,168 I 1.142 N .S.

E r r o r 36 6 ,0 2 5 ,3 0 6 167,370

C .7 . =  58#

N . S .  N ot s i g n i f i c a n t  a t . 5$  l e v e l
* *  S i g n i f i c a n t  a t  1% l e v e l
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APPENDIX TABLE X I. P e n e t r a t i o n  o f  2 ,4 -D  C i n t o  l e a f  s e c t i o n s  o f  g r e e n ­
h o u s e  g row n  C an ad a  t h i s t l e  l e a v e s  a s  a s s e s s e d  by  t h e  
DPM o f  t h e  w ash ed  l e a f  s e c t i o n s , B ozem an, M o n tan a  196?.

D i s i n t e g r a t i o n s  P e r  M in u te

E c o ty p e I I I I I I  IV T o t a l Avg.

G4 544 648 ' 405 4Q3 2 ,000 500

A l 3 SB 437 538 306 1 ,669 417

G l 359 418 579 368 1 ,724 431

IM 486 897 655 579 2 ,6 1 7 654

PW 541 503 397 488 1 ,929 482

FM 381 435 413 433 1 ,662 415

T o t a l 2 ,699 3 ,3 3 8 2 ,98?  2 ,577 11,601

A n a ly s i s  io f  V a r ia n c e
Sum o f Mean

S o u rc e  o f V a r i a t i o n d . f , S q u a re s S q u a re F

T o t a l 23 3 7 0 ,754

T re a tm e n t ' 5 164,795 32 ,9 5 9 2 .8 8  *

E r r o r 18 205,959 11,442

*  S i g n i f i c a n t  a t  5% l e v e l
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7 - C u r r i e r ,  H .B . a n d  C .D . D y b in g , 1959- F o l i a r  p e n e t r a t i o n  o f  h e r b i c i d e s -  
r e v ie w  an d  p r e s e n t  s t a t u s .  W eeds 7 :1 9 5 -2 1 3 -

8 .  D ay, B .E . ,  1 9 5 2 . The a b s o r p t i o n  an d  t r a n s l o c a t i o n  o f  2 ,4 - D i c h l o r o -  
p h e n o x y  a c e t i c  a c i d  by b e a n  p l a n t s .  P l a n t  P h y s io lo g y  2 7 :1 4 3 -1 5 2 .

9 - D y b in g , C .D . a n d  H .B . C u r r i e r ,  1 9 6 1 . F o l i a r  p e n e t r a t i o n  b y  c h e m ic a ls .  
P l a n t  P h y s i o l .  3 6 :1 6 9 -1 7 4 -

1 0 . E c k e r s o n ,  S .H . ,  1 9 0 8 . The num ber an d  s i z e  o f  s to m a ta .  B o t . G az.
4 6 : 2 21 .

1 1 . F i s h e r ,  E .G . , , 1 9 5 2 .  The p r i n c i p l e s  u n d e r ly i n g  f o l i a g e  a p p l i c a t i o n s  
o f  U re a  f o r  n i t r o g e n  f e r t i l i z a t i o n  o f  t h e  M c In to s h  a p p l e .  P r o c ,
Amer= S o c . H o r t - S c i . 5 9 = 9 1 -1 0 2 .

1 2 .  F o g g , G .E . ,  1 9 4 8 . The p e n e t r a t i o n  o f  3 /5  d i n i t r o : c r e s o l  i n t o  l e a v e s .  
Ann. A p p l . B i o l .  3 5 = 3 1 5 -3 5 0 .

1 3 - F r a n k s ,  W ., 1961- E c to d e s m a ta  an d  f o l i a r  a b s o r p t i o n .  A m er. J o u r .
B ot. 4 8 : (8 )  683-691.

1 4 - F r a n k s ,  W ., 1 964- R o le  o f  g u a rd  c e l l s  i n  f o l i a r  a b s o r p t i o n .  N a tu r e
202:1236-37-

15- F r a n k s , W ., 1 964- U b er D ie  B e z ie h u n g e n  D er E k lo d esm en  z u r  S l o f f a u f -  
nahm e D u rch  B l a t t e r .  P l a n t a  6 l ; 1 -1 6 .
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l6 o  G u p ta , B . ,  1 9 6 1 . C o r r e l a t i o n  o f  t i s s u e s  i n  l e a v e s ,  2 .  A b s o lu te  
s to m a ta  n u m b e rs . A n n u ls  o f  B o ta n y , NS, 2 5 : ( 9 7 )  7 1 -7 7 »

1 7 . G u s t a f s o n ,  F .G . an d  M .T. S c h l e s s i n g e r , J r . ,  1 9 5 6 . A b s o r p t io n  o f
C o-60  b y  l e a v e s  o f  b e a n  p l a n t s  i n  t h e  d a r k .  P l a n t  P h y s i o l .  3 1 :3 1 6 - 3 IS .

I S .  G u s t a f s o n ,  F .G . , 1957» C o m p a ra t iv e  a b s o r p t i o n  o f  C o b a l t - 6 0  b y  u p p e r  
an d  lo w e r  e p id e r m is  o f  l e a v e s .  P l a n t  P h y s i o l .  3 2 :1 4 1 -1 4 2 .

1 9 . H e r r e t t , R .A . an d  A .T . L e n c k , 1 9 6 1 . P e n e t r a t i o n  o f  3 -a m in o  1 , 2 , 4 -  
t r i a z o l e  i n  C an ad a  t h i s t l e  and  f i e l d  b in d w e e d . W eeds 9*. 2 2 4 -2 3 0 . •

2 0 .  H i r a n o , E . ,  1951« R e l a t i v e  a b u n d a n c e  o f  s to m a ta  i n  c i t r u s  an d  some 
r e l a t e d  g e n e r a .  B o t , G a z . 9 2 :2 9 6 -3 1 0 .

2 1 .  H o d g so n , J . M . , 1 9 6 1 . R e sp o n se  o f  e c o ty p e s  o f  C anada t h i s t l e .  Ab­
s t r a c t s  o f  Weed S o c i e t y  o f  A m e r ic a . S t .  L o u i s ,  M i s s o u r i ,  p p .  3 6 -3 7 »

2 2 .  H o d g so n , J . M . , I 964 . V a r i a t i o n s  i n  e c o ty p e s  o f  C an ad a  t h i s t l e .  W eeds 
1 2 :1 6 7 -1 7 1 »

23» H o le v y , A braham  H . ,  a n d  S y lv a n  K. W i t tw e r , 1965» F o l i a r  u p ta k e  and  
t r a n s l o c a t i o n  o f  R u b id iu m  i n  b e a n  p l a n t s  a s  a f f e c t e d  b y  r o o t  a b s o rb e d  
g ro w th  r e g u l a t o r s .  P l a n t a  6 ?  ( 4 ) :3 7 5 -3 S 3 .

24» H o l l e y ,  K . ,  1 9 5 6 . P e n e t r a t i o n  o f  c h l o r i n a t e d  p h e n o x y a c e t i c  a c id s  
i n t o  l e a v e s .  A nn. A p p l . B i o l .  4 4 :1 9 5 -1 9 9 »

25» J y r u n g , Woon H . ,  S y lv a n  H. W i t tw e r , an d  M a r t in  T. B u k o v ac , I 965 .  The 
r o l e  o f  s to m a ta  i n  t h e  f o l i a r  a b s o r p t i o n  o f  Rb l e a v e s  o f  t o b a c c o ,  
b e a n ,  an d  to m a to .  Am., S o c . H o r t . S c .  P r o c . 8 6 :3 6 1 -3 6 7 »

2 6 .  L e o n a rd ,  O . A . ,  1 9 5 8 . S t u d i e s  o n  t h e  a b s o r p t i o n  and  t r a n s l o c a t i o n  o f  
2 ,4 - D i c h l o r o p h e n o x y a c e t i c  a c i d  i n , b e a n  p l a n t s .  H i l g a r d i a  2 8 :1 1 5 »

27» P a l l a s ,  J . E . ,  i 960 . E f f e c t s  o f  t e m p e r a t u r e  and  h u m id i ty  o n  f o l i a r  
a b s o r p t i o n  an d  t r a n s l o c a t i o n  o f  2 ,4 -D  a c i d  and  b e n z o ic  a c i d .  P l a n t
P h y s io l. 35 (5 ):'575-580.

2 8 .  ' P e n fo u n d , W . T . ,  1 9 3 2 . T he an a to m y  o f  t h e  c a s t o r  b e a n  a s  c o n d i t i o n e d
b y  l i g h t  i n t e n s i t y  an d  s o i l  m o i s t u r e .  'Am.  J o u r .  B o t . 1 9 :5 3 8 -5 4 6 .

2 9 .  P r a s a d ,  R . ,  C. L .  F o y , an d  A . S .  C r a f t s ,  1967» E f f e c t s  o f  r e l a t i v e  
h u m id i ty  o n  a b s o r p t i o n  an d  t r a n s l o c a t i o n s  o f  f o l i a r l y  a p p l i e d  d a la p o n .  
W eeds 1 5 :1 4 9 -1 5 6 .

3 0 .  R ic e ,  E . L . ,  1 9 4 8 . A b s o r p t io n  an d  t r a n s l o c a t i o n  o f  ammonium 2 , 4 -  
D ic h lo r o p h e n o x y a c e t ic  a c i d  b y  b e a n  p l a n t s .  B o t . G a z . 1 0 9 :3 0 1 -3 1 4 »
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3 1 -  S a l i s b u r y ,  E . T . , 1927- On t h e  c a u s e s  a n d  e c o l o g i c a l  s i g n i f i c a n c e  o f  
s t o m a t a l  f r e q u e n c y  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  w o o d lan d  f l o r a s .
P h i l=  Tans= R o y a l Soc= 2 4 1 :1 - 6 $ .

32= S a r g e n t ,  J=A= an d  G=E= B lack m an , 1 9 6 2 . S tu d i e s  o n  f o l i a r  p e n e t r a t i o n ,
1 ,  F a c t o r s  c o n t r o l l i n g  t h e  e n t r y  o f  2 ,4 - D .  J= Exp= Bot= 1 3 :3 4 8 -3 6 8 =

33= S a r g e n t , J=A= a n d  G=E= B lack m an , 1 9 6 $ . S tu d i e s  o n  f o l i a r  p e n e t r a t i o n .
2 ,  The r o l e  o f  l i g h t  i n  d e t e r m in in g  t h e  p e n e t r a t i o n  o f  2 , 4 - D i c h l o r o -  
p h e n o x y a c e t i c  a c i d .  J= Exp= Bot= 16 ( 4 6 ) :2 4 - 4 7 -

3 4 -  S a r g e n t ,  J=A=,  196$ = The p e n e t r a t i o n  o f  g ro w th  r e g u l a t o r s  i n t o  l e a v e s  
A nn. Rev= P l a n t  P h y s i o l .  1 6 :1 - 1 2 .

3 $ .  S k o s s , J e s s e  D=, 19$$= S t r u c t u r e  an d  c o m p o s i t io n  o f  p l a n t  c u t i c l e  i n  
r e l a t i o n  t o  e n v iro n m e n t f a c t o r s  a n d  p e r m e a b i l i t y .  B o t . Gaz= 117 :
5 5 -7 2 .

3 6 .  S t a l f e l t , M=G=, 1 9 5 6 . D ie  s t o m a t a r e  t r a n s p i r a t i o n  an d  d i e  p h y s i o l o g ic  
d i e  sp  a l t  o f f  nu n g  em. E n c y c lo p e d ia  o f  P l a n t  P h y s io lo g y .  S p r i n g e r -  
V e r l a g , B e r l i n ,  Vol= 3 ,  PP= 351  -

37» T e u b n e r , 'F  = G=, S = H= W i t tw e r , W=G= L o n g , an d  H. B.  T u k e y ,' 1957- Some 
f a c t o r s  a f f e c t i n g  a b s o r p t i o n  an d  t r a n s p o r t  o f  f o l i a r  a p p l i e d  n u t r i e n t s  
a s  r e v e a l e d  b y  r a d i o a c t i v e  i s o t o p e s  = MLch=' Agr= E x p . S ta t=  ,Q u a r t .
B ui. 3 9 :398 -415 .

3 8 .  Van O v e rb e e k ,  J = ,  1956= A b s o r p t io n  an d  t r a n s l o c a t i o n  o f  p l a n t  r e g u l a ­
t o r s .  Ann. R ev . P l a n t  P h y s i o l .  7 :3 5 5 -3 7 2 -

39= V o lk , R=, a n d  C= M c A u l i f f e r ,  1 954- F a c t o r s  a f f e q t i n g  t h e  f o l i a r  a b ­
s o r p t i o n  of. N-*-5 l a b e l e d . u r e a  b y  t o b a c c o .  S o i l  Sc i = Soc= Amer= P ro c  = 
18 :308- 312 .

4 0 ,  W e a v e r , R=J= a n d  H. R.  D e ro s e ,  I 946 . A b s o r p t io n  an d  t r a n s l o c a t i o n  o f  
2 ,4 - D ic h lo r o p h e n o x y a c e t i c  a c i d .  B o t . G a z . 107 :109=

41= W e in t r a u b ,  R=L=, J=N= Y e a tm a n , T=W= B row n, T . A . , T h r o n e ,  J=D= S k o s s , 
an d  J=R= C o n o v e r , 1954= S tu d i e s  o n  e n t r y  o f  2 ,4 -D  i n t o  l e a v e s .  P roc=  
N o r t h e a s t e r n  Weed C o n t r o l  C o n fe re n c e  8 : $ - 1 0 .

4 2 .  W h itw o r th ,  J=W= a n d  T = J . M u z ik , 1 967- D i f f e r e n t i a l  r e s p o n s e ; o f  
s e l e c t e d  c lo n e s  o f  b in d w e e d  t o  2 ,4 - D .  W eeds 1 $ :2 7 5 -2 8 0  =

4 3 - W i l l i a m s , M=C=, F=W= S l i f e ,  and. J  =H= H a n so n , I 9 6 0 .  A b s o r p t io n  and  
t r a n s l o c a t i o n  o f  2 ,4 -D  i n  s e v e r a l  a n n u a l  b ro a d  l e a v e d  w eed s = W eeds
8:244 -255 .
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