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ABSTRACT 

T h i r t y - f i v e s p e c i e s of weeds were grown i n a f i e l d 

n u r s e r y i n o r d e r t o o b t a i n comparable data on the number, s i z e , 

and s u r f a c e d i s t r i b u t i o n of t h e i r stomata. Mature l e a v e s were 

c l e a r e d , s t a i n e d , and mounted f o r m i c r o s c o p i c e x a m i n a t i o n 

The mean numbers of stomata per mm? of l e a f s u r f a c e ranged 

from 2.3 t o 294.9. The mean l e n g t h s v a r i e d from 21.6 jj, t o 

59.0 jX . Twenty s p e c i e s had more stomata on the lower than on 

the upper s u r f a c e , w h i l e o n l y 3 s p e c i e s had s i g n i f i c a n t l y more 

on the upper than on the lower s u r f a c e ; Between s p e c i e s t h e r e 

was n e g a t i v e c o r r e l a t i o n of s t o m a t a l d e n s i t y w i t h l e n g t h , but 

between s u r f a c e s w i t h i n s p e c i e s , the l e n g t h s remained f a i r l y 

c o n s t a n t d e s p i t e d i f f e r e n c e s i n s t o m a t a l d e n s i t i e s . P l a n t s 
2 

grown i n p a r t i a l shade had r e l a t i v e l y more stomata/mm. than 

t h o s e grown i n f u l l sun. S i m i l a r l y , l e a v e s t a k e n i n J u l y had 

a g r e a t e r d e n s i t y of stomata than t h o s e h a r v e s t e d i n June. 

In n e i t h e r case c o u l d the d i f f e r e n c e s be a t t r i b u t e d t o 

e n v i r o n m e n t a l f a c t o r s , a l o n e . 

A s l i g h t but s i g n i f i c a n t c o r r e l a t i o n of s t o m a t a l d e n s i t y 

on t h e upper s u r f a c e w i t h known s u s c e p t i b i l i t y t o 2,4-D was 

d e t e c t e d . A greenhouse experiment u s i n g p i c l o r a m s p r a y s on 

3 of the s p e c i e s , i n d i c a t e d g r e a t e r p e n e t r a t i o n a s s o c i a t e d 

w i t h dense stomata on the lower s u r f a c e than w i t h s p a r s e stomata 

on the upper s u r f a c e . 

A s e r i e s of drawings were done d e p i c t i n g the d i f f e r e n t 

s t o m a t a l c h a r a c t e r i s t i c s and typ e s of t r i c h o m e s . I t was 

e s t i m a t e d t h a t the l e a v e s of 9 s p e c i e s were s u f f i c i e n t l y h a i r y 

t o i n f l u e n c e r e t e n t i o n or p e n e t r a t i o n of s p r a y s . 
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INTRODUCTION 

Modern a g r i c u l t u r e i s concerned w i t h the e f f i c i e n t 

p r o d u c t i o n of the maximum q u a n t i t y and q u a l i t y of f o o d from 

a g i v e n l a n d a r e a . Among the p r o d u c t s of s c i e n c e which are 

h e l p i n g t o a c h i e v e t h i s g o a l a re c h e m i c a l f e r t i l i z e r s , 

growth r e g u l a t o r s , and p e s t i c i d e s . When p r o p e r l y used, th e s e 

m a t e r i a l s i n c r e a s e y i e l d s by s t i m u l a t i n g growth of c r o p 

p l a n t s w h i l e r e d u c i n g c o m p e t i t i o n from weeds, i n s e c t s , and 

pathogens. These c h e m i c a l s may be a p p l i e d t o the s o i l or 

t o the f o l i a g e of p l a n t s . In some cases they must be absorbed 

i n t o the p l a n t b e f o r e b e i n g e f f e c t i v e w h i l e i n o t h e r s the 

c h e m i c a l s a c t e x t e r n a l l y . The e f f e c t i v e n e s s of most f o l i a r 

a p p l i e d f u n g i c i d e s and i n s e c t i c i d e s depends on t h e i r a b i l i t y 

t o adhere t o the s u r f a c e s of c r o p p l a n t s . P e n e t r a t i o n i n t o 

the p l a n t i s i n c i d e n t a l , a l t h o u g h i t may have i m p o r t a n t 

r e s i d u e i m p l i c a t i o n s . F o l i a r a p p l i e d n u t r i e n t s , s y s t e m i c 

i n s e c t i c i d e s , and h e r b i c i d e s on the o t h e r hand, must p e n e t r a t e 

the p l a n t s u r f a c e and e n t e r the p r o t o p l a s m i n o r d e r t o be 

e f f e c t i v e . 

In t h i s s t u d y , the emphasis i s on the f o l i a r 

p e n e t r a t i o n of h e r b i c i d e s and the p l a n t f a c t o r s which a f f e c t 

t h a t p e n e t r a t i o n . 

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

e n t e r i n g p l a n t l e a v e s has l o n g been a s u b j e c t of c o n t r o v e r s y . 

Thousands of hours of r e s e a r c h have been devoted t o the 

s u b j e c t and i t i s a t r i b u t e t o the c o m p l e x i t i e s of n a t u r e 

t h a t no s i m p l e e x p l a n a t i o n i s a v a i l a b l e . 



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

i s an academic problem, w i t h i m p o r t a n t p r a c t i c a l a p p l i c a t i o n s . 

For example, i f f o l i a r p e n e t r a t i o n of a g i v e n compound i s 

shown t o o c c u r m a i n l y t h r o u g h the l e a f c u t i c l e over v e i n s , 

t h e n s p e c i e s s u s c e p t i b i l i t y c o u l d be i n f l u e n c e d by the 

presence or absence of bundle s h e a t h e x t e n s i o n s . I f the e x a c t 

r o u t e of e n t r y of a h e r b i c i d e were known, th e n i n f o r m a t i o n 

c o n c e r n i n g the f a c t o r s a f f e c t i n g t h a t r o u t e c o u l d be used t o 

o b t a i n g r e a t e r s e l e c t i v i t y and e f f i c i e n c y of the c h e m i c a l . 

Much of the c o n f u s i o n and disagreement i n the 

p e n e t r a t i o n q u e s t i o n has been due t o the a t t e m p t s of 

s c i e n t i s t s t o reduce t o s i m p l e terms, a h i g h l y complex 

b i o l o g i c a l r e l a t i o n s h i p . No g e n e r a l statement r e g a r d i n g 

p e n e t r a t i o n w i l l e v e r be v a l i d f o r a l l p o s s i b l e s i t u a t i o n s . 

Among the f a c t o r s which may be e x p e c t e d t o i n f l u e n c e the 

p e n e t r a t i o n of c h e m i c a l s i n t o p l a n t l e a v e s are the f o l l o w i n g : 

P l a n t F a c t o r s 
1) T h i c k n e s s and c o m p o s i t i o n of c u t i c l e . 
2) Presence of s u p e r f i c i a l wax. 
3) Number, s i z e , and d i s t r i b u t i o n of stomata. 
4) Presence and d i s t r i b u t i o n of t r i c h o m e s . 

E n v i r o n m e n t a l F a c t o r s 
1 ) Temperature. 
2) R e l a t i v e h u m i d i t y . 
3) Wind v e l o c i t y . 
4) L i g h t i n t e n s i t y and q u a l i t y . 
5) P r e c i p i t a t i o n . 
6) M e c h a n i c a l damage by i n s e c t s , a n i m a l s , man, 

and machinery. 

C h e m i c a l F a c t o r s 
1) F o r m u l a t i o n . 
2) V o l a t i l i t y . 
3) P o l a r i t y . 
4) pH. 
5) S u r f a c e t e n s i o n 
6) S i z e of s p r a y d r o p l e t s . 
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Each of t h e f a c t o r s l i s t e d has been s t u d i e d but 

d i f f i c u l t y a r i s e s i n c o - o r d i n a t i n g t h e r e s u l t s of e x p e r i m e n t s 

c a r r i e d out under d i f f e r e n t c o n d i t i o n s . 

There are two l o g i c a l ways t o a t t a c k t h e problem as i t 

now s t a n d s . The f i r s t i s t o p e r f o r m l a r g e f a c t o r i a l e x p e r i m e n t s . 

The o t h e r i s t o accumulate as much i n f o r m a t i o n as p o s s i b l e 

about each f a c t o r . T h i s l a t t e r approach has been used t o 

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

wax, and p h y s i c a l and c h e m i c a l p r o p e r t i e s o f h e r b i c i d a l 

s o l u t i o n s . 

The p r e s e n t work c o n s i s t s o f a q u a n t i t a t i v e s t u d y o f 

the s i z e , number, and d i s t r i b u t i o n of stomata i n the l e a v e s 

of common weed s p e c i e s and a q u a l i t a t i v e s u r v e y of t h e 

t r i c h o m e s p r e s e n t on t h e same l e a v e s . In a d d i t i o n t o the 

s u r v e y f o r the above-mentioned c h a r a c t e r s , t h r e e weed s p e c i e s 

were used i n a h e r b i c i d e s p r a y experiment d e s i g n e d t o d e t e c t 

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



REVIEW OF LITERATURE 

The key t o the purpose of the p r e s e n t s t u d y i s g i v e n 

by the f o l l o w i n g s t atement by C u r r i e r and Dybing i n 1959 ( 8 ) . 

" Comparative s t u d i e s of s t r u c t u r e and 
f u n c t i o n of the l e a v e s of a wide v a r i e t y 
of weed and c r o p p l a n t s a re n e c e s s a r y , 
because the s p e c i e s v a r i a b l e confounds 
a l l o t h e r v a r i a b l e s i n the p e n e t r a t i o n 
complex." 

F i v e y e a r s l a t e r , H o l l y (31) ob s e r v e d t h a t i n the 

few s p e c i e s s t u d i e d , d i f f e r e n c e s i n p e n e t r a t i o n showed l i t t l e 

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

he made the f o l l o w i n g s t a t e m e n t . 

" D e s p i t e the l a c k of d i r e c t e v i d e n c e of an 
e f f e c t of p e n e t r a t i o n on s e l e c t i v i t y , i t i s 
t o be hoped t h a t p e n e t r a t i o n s t u d i e s w i l l be 
made on a w i d e r range of s p e c i e s and t h a t the 
r e s u l t s o b t a i n e d can be r e l a t e d t o s t o m a t a l 
c h a r a c t e r i s t i c s and o t h e r a s p e c t s of l e a f 
s t r u c t u r e . " 

As t h e s e two s t a t e m e n t s s u g g e s t , t h e r e have been 

v e r y few s t u d i e s u s i n g a l a r g e number of s p e c i e s . To 

e v a l u a t e the s i g n i f i c a n c e of the p r e s e n t s t u d y and the methods 

used, the l i t e r a t u r e of f o l i a r p e n e t r a t i o n , stomata, and 

t r i c h o m e s w i l l be r e v i e w e d . 

I. FOLIAR PENETRATION 

The volume of l i t e r a t u r e a v a i l a b l e under t h i s g e n e r a l 

t o p i c i s t r u l y amazing, c o n s i d e r i n g t h a t i t has been an a c t i v e 

f i e l d of s t u d y f o r o n l y about twenty y e a r s . There are a 

number of g e n e r a l r e v i e w s on the s u b j e c t (3,6,8,15,18,21,48,55, 

69,72,74). Others a re m a i n l y concerned w i t h the p l a n t c u t i c l e 

(7,40,53), l e a f s u r f a c e wax (5 9 ) , r e t e n t i o n of s p r a y s ( 3 1 ) , 

and s u r f a c t a n t s (2,33). 
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Whereas e a r l y workers i n t h i s f i e l d o f t e n made 

erro n e o u s g e n e r a l i z a t i o n s based on t h e i r e x p e r i m e n t a l r e s u l t s , 

i t i s now r e a l i z e d t h a t a l l p o s s i b l e f a c t o r s must be c o n s i d e r e d 

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

With t h i s i n mind, a l o g i c a l way t o summarize the c u r r e n t 

knowledge i s under the i n d i v i d u a l f a c t o r headings. 

1. Leaf C u t i c l e 

The c u t i c l e forms the o u t e r c o v e r i n g of a l l young 

p l a n t organs e x c e p t , p o s s i b l y , the r o o t h a i r ( 2 0 ) . I t o c c u r s 

as a s e p a r a t e l a y e r or v a r i o u s l y merged w i t h the o u t e r 

e p i d e r m a l w a l l . In f a c t , i t i s more a c c u r a t e t o r e f e r t o the 

c u t i c u l a r l a y e r s , one of w h i c h i s the c u t i c l e . The c u t i c u l a r 

l a y e r s a re thos e o u t e r s u r f a c e l a m e l l a e which a re embedded 

w i t h c u t i n and wax, i n c l u d i n g the o u t e r p o r t i o n of the 

e p i d e r m a l w a l l ( 7 ) . 

C u t i n i s a m i x t u r e of l o n g c h a i n u n s a t u r a t e d f a t t y 

a c i d s and a l c o h o l s which are produced by c e l l m e t a b o l i s m ( 7 ) . 

These p r o d u c t s m i g r a t e v i a c e l l w a l l s t o the n e a r e s t a i r / w a t e r 

i n t e r f a c e where t h e i r u n s a t u r a t e d l i n k a g e s a re o x i d i z e d and 

p o l y m e r i z a t i o n o c c u r s ( 1 5 ) . The c u t i c l e waxes c o n s i s t m a i n l y 

of f a t t y a c i d s e s t e r f i e d t o monohydric a l c o h o l s of 24-36 carbons 

but t h e y a l s o c o n t a i n f r e e a l c o h o l s , a l k a n e s , k e t o n e s , and 

aldehydes (7,40,69). P e c t i n s are composed of l o n g c h a i n 

p o l y g a l a c t u r o n i c a c i d m o l e c u l e s w i t h c a r b o x y l s i d e groups 

which may be me t h y l e s t e r i f i e d (7,60). The c u t i c l e i s l i k e a 

sponge made of c u t i n i n which the h o l e s a re f i l l e d w i t h wax (69). 

The o u t e r l a y e r s t e n d t o have more wax w h i l e the i n n e r l a y e r s 
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a l s o c o n t a i n p e c t i n and c e l l u l o s e . 

The q u a l i t y and t h i c k n e s s of c u t i c l e are i n f l u e n c e d 

not o n l y by s p e c i e s d i f f e r e n c e s , but a l s o by the environment. 

Wax d e p o s i t i o n i s g r e a t e s t under hot , d r y , sunny c o n d i t i o n s 

( 3 1 ) . Thus, a d e s e r t s u c c u l e n t would be l i k e l y t o have a t h i c k 

c u t i c l e of h i g h wax c o n t e n t , whereas a shade p l a n t i n a r a i n 

f o r e s t would p r o b a b l y have a t h i n , h y d r a t e d c u t i c l e ( 7 ) . 

The waxy c u t i c l e of a mature l e a f i s a s e r i o u s 

b a r r i e r t o the p e n e t r a t i o n of e x t e r n a l l y a p p l i e d s u b s t a n c e s 

(69 ) . Recent s t u d i e s have proven t h a t the p e n e t r a t i o n of 

most s u b s t a n c e s t h r o u g h the i n t a c t c u t i c l e does o c c u r , a l t h o u g h 

doubt remains i n r e g a r d t o some i n o r g a n i c compounds (61). I t 

has been proposed t h a t p o l a r s u b s t a n c e s p e n e t r a t e m a i n l y v i a the 

h y d r o p h i l i c c u t i n and p e c t i n , w h i l e n o n - p o l a r compounds p r e f e r 

a l i p o i d a l pathway ( 7 ) . In any e v e n t , a l l f o l i a r absorbed 

compounds must somehow t r a v e r s e the c u t i c l e . There are many 

c o n f l i c t i n g r e p o r t s on the speed of p e n e t r a t i o n , due i n p a r t 

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

Areas which may p e r m i t more r a p i d p e n e t r a t i o n i n c l u d e 

c r a c k s i n the c u t i c l e , t h i n areas over v e i n s , t h i n areas over 

d i v i d i n g e p i d e r m a l c e l l s , the t h i n c u t i c l e l i n i n g s u b - s t o m a t a l 

chambers, and the bases of t r i c h o m e s (69). The l a t t e r two 

w i l l be d i s c u s s e d below. R e c e n t l y the e x i s t e n c e of pores i n 

the c u t i c l e has been shown f o r a few s p e c i e s but i t i s t o o 

e a r l y t o s p e c u l a t e as t o whether they are i n v o l v e d i n 

p e n e t r a t i o n ( 4 0 ) . 



2. S u r f a c e Wax 

In a d d i t i o n t o t h a t which i s embedded i n the c u t i c l e , 

many s p e c i e s have wax of s i m i l a r c o m p o s i t i o n f o r m i n g a 

s u r f a c e c o v e r i n g or bloom ( 3 1 ) . T h i s wax g e n e r a l l y has the 

appearance of a dense mat of rods as r e v e a l e d by the e l e c t r o n 

m i c r o s c o p e (59). The d e p o s i t i o n of s u r f a c e wax c o n t i n u e s o n l y 

u n t i l t he l e a f i s mature and then any wax d e p o s i t i o n o c c u r s 

below the mature c u t i c l e , i n d i c a t i n g t h a t the wax passes 

t h r o u g h the immature c u t i c l e . S p e c i a l wax c h a n n e l s through 

the c u t i c l e have been doubted ( 3 1 ) , but r e c e n t l y t hey have 

been shown f o r a few s p e c i e s (40,55). 

These waxes are h i g h l y r e p e l l e n t t o aqueous s o l u t i o n s 

and thus p r o v i d e the c o n d i t i o n s n e c e s s a r y f o r s e l e c t i v e p o s t -

emergence weed c o n t r o l i n such waxy l e a v e d c r o p s as peas, 

o n i o n s , and c e r e a l s . In some s p e c i e s , the wax d e p o s i t s are 

absent from c e r t a i n a r e a s so t h a t p e n e t r a t i o n c o u l d o c c u r 

p r e f e r e n t i a l l y i n th o s e a r e a s . For example, i n pea l e a f l e t s , 

wax i s absent over the stomata ( 3 1 ) . 

The s t r u c t u r e of the wax r o d l e t s i s i m p o r t a n t i n 

d e t e r m i n i n g water r e p e l l a n c y as shown by t h e f a c t t h a t wax 

d i s s o l v e d i n e t h e r and r e d e p o s i t e d on a g l a s s s l i d e i s not 

r e p e l l a n t ( 1 9 ) . 
A s u r v e y of a m i s c e l l a n e o u s a s s o r t m e n t of p l a n t s f o r 
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s u r f a c e wax i n c l u d e d the f o l l o w i n g weed s p e c i e s ( 5 9 ) : 

Wax B e a r i n g Non-Wax B e a r i n g 

S e t a r i a v i r i d i s  
S e t a r i a f a b e r i i  
S e t a r i a l u t e s c e n s  
g i g i t a r i a s a n g u i n a l i s 
Polygonum a v i c u l a r e 

Solanum nigrum 
AmbrosTa t r i f i d a 
Ambrosia e l a t i o r  
Polygonum p e r s i c a r i a 
C o n v o l v u l u s a r v e n s i s 
C i r s i u m v u l g a r e  
P l a n t a g b l a n c e p l a t a 
P l a n t a g o major 

3. Stomata 

I t has g e n e r a l l y been agreed t h a t vapors and o i l s 

e a s i l y p e n e t r a t e stomata ( 8 ) . The r o l e of stomata i n 

p e n e t r a t i o n of aqueous s o l u t i o n s has been a s u b j e c t of 

c o n t r o v e r s y (8,31,55).. Some r e p o r t s i n d i c a t e t h a t s t o m a t a l 

p e n e t r a t i o n d i d not oc c u r (22,68,70), or a t l e a s t not t h r o u g h the 

open pore (25). Others suggest t h a t i t does o c c u r i f adequate 

s u r f a c t a n t i s i n c l u d e d (62,69). For a few s p e c i e s , the s t o m a t a l 

pore has now been demonstrated t o be a major p o i n t of e n t r y 

(9,14). Other e x p e r i m e n t s have shown c o r r e l a t i o n between 

s t o m a t a l numbers and e n t r y of compounds but l i t t l e d i f f e r e n c e 

between the open and c l o s e d c o n d i t i o n s ( 5 6 ) . A l s o the f a c t 

t h a t guard c e l l w a l l s are b e l i e v e d t o c o n t a i n a l a r g e 

c o n c e n t r a t i o n of ectodesmata (25) and may be p r e f e r e n t i a l l y 

s t a i n e d ( 1 4 ) , has l e a d t o s u g g e s t i o n s t h a t t h e guard c e l l s and 

a c c e s s o r y c e l l s may be i m p o r t a n t areas of p e n e t r a t i o n (21,56). 

I f t h i s i s t r u e , i t would seem r e a s o n a b l e t h a t p e n e t r a t i o n 

would be most r a p i d when the stomata are op e n i n g and the 

guard c e l l s a r e i m b i b i n g . 

While t h e r e have been no comprehensive s t u d i e s on the 
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e f f e c t of s t o m a t a l s i z e on e n t r y v i a the open pore, t h e poor 

p e n e t r a t i o n i n t o bean l e a v e s r e l a t i v e t o n i n e o t h e r s p e c i e s 

was a t t r i b u t e d t o s m a l l s t o m a t a l s i z e ( 1 4 ) . A s y s t e m i c s t u d y 

a l o n g t h e s e l i n e s might w e l l r e s o l v e much of the c o n f l i c t i n g 

d a t a . 

When a l i q u i d e n t e r s the s u b - s t o m a t a l chamber i t s t i l l 

must p e n e t r a t e the c u t i c l e of the m e s o p h y l l c e l l s b e f o r e 

becoming a v a i l a b l e f o r e f f e c t i v e a c t i o n o r t r a n s l o c a t i o n . 

However, s t o m a t a l p e n e t r a t i o n s u g g e s t s two i m p o r t a n t advantages 

over p e n e t r a t i o n of e x t e r n a l c u t i c l e . One of t h e s e i s t h a t t h e 

i n t e r n a l c u t i c l e i s much t h i n n e r and more e a s i l y p e n e t r a t e d and 

the o t h e r i s t h a t the h i g h h u m i d i t y of the s u b - s t o m a t a l chamber 

p r e v e n t s the s p r a y s o l u t i o n from d r y i n g out, thus e n a b l i n g 

p e n e t r a t i o n over a l o n g e r p e r i o d of time (6). 

In summary, stomata are d e f i n i t e l y i n v o l v e d i n f o l i a r 

p e n e t r a t i o n . T h e i r e x a c t r o l e i n the p e n e t r a t i o n of d i f f e r e n t 

s p e c i e s under v a r y i n g e n v i r o n m e n t a l c o n d i t i o n s and w i t h s p r a y s 

of d i f f e r i n g c h e m i c a l and p h y s i c a l c h a r a c t e r i s t i c s i s not w e l l 

u n d e r s t o o d . 

4. Trichomes 

Leaf t r i c h o m e s ( h a i r s ) may have an i m p o r t a n t b e a r i n g 

on the w e t t a b i l i t y of l e a f s u r f a c e s and thus on t h e i r a b i l i t y 

t o r e t a i n aqueous s p r a y s . Even when r e t e n t i o n o c c u r s , h a i r s 

w h i c h are d e n s e l y packed and h y d r o p h o b i c may e f f e c t i v e l y 

p r e v e n t p e n e t r a t i o n by h o l d i n g the s p r a y d r o p l e t s away from 

the l e a f s u r f a c e . On the o t h e r hand, l o o s e l y matted h a i r s may 

h o l d g r e a t e r s p r a y d e p o s i t s t h a n g l a b r o u s l e a v e s and thus i n c r e a s e 
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p e n e t r a t i o n ( 3 1 ) . 

A f u r t h e r e f f e c t of t r i c h o m e s on p e n e t r a t i o n may 

depend on the e x i s t e n c e of ectodesmata i n t h e i r w a l l s , 

e s p e c i a l l y near the base (25). Ectodesmata are b e l i e v e d t o be 

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

s i m i l a r t o the plasmodesmata which connect a d j a c e n t p r o t o p l a s t s 

(20). 

5. Ectodesmata 

The e x i s t e n c e of h i g h c o n c e n t r a t i o n s of ectodesmata 

i n the w a l l s of guard c e l l s , and t r i c h o m e s , and the a n t i c l i n a l 

w a l l s of e p i d e r m a l c e l l s over v e i n s has been shown (25). I t 

has a l s o been shown t h a t p e n e t r a t i o n of dyes and e x c r e t i o n of 

p r e v i o u s l y absorbed s u b s t a n c e s may o c c u r p r e f e r e n t i a l l y i n t h e s e 

a r e a s (14,25,27). Thus i t has been proposed t h a t p e n e t r a t i o n 

may be enhanced by the presence of ectodesmata (25,26,40). 

T h i s would agree w i t h the t h e o r y t h a t c u t i c u l a r p e n e t r a t i o n 

o c c u r s most r a p i d l y where an i n t e r n a l t r a n s p o r t mechanism 

m a i n t a i n s a s t e e p c o n c e n t r a t i o n g r a d i e n t (55). 

At the p r e s e n t t i m e , p r e v a i l i n g i n t e r e s t i n the r o l e 

of ectodesmata i s b e i n g shown by European workers (40), w h i l e 

u n t i l r e c e n t l y the American a t t i t u d e i n r e g a r d t o t h e i r 

i mportance has been one of s k e p t i c i s m ( 7 ) . 

6. Temperature 

Temperature has b o t h d i r e c t and i n d i r e c t e f f e c t s on 

f o l i a r p e n e t r a t i o n . I n d i r e c t l y , h i g h t e m p e r a t u r e over a 

l o n g p e r i o d reduces p e n e t r a t i o n by s t i m u l a t i n g the f o r m a t i o n 

of a t h i c k c u t i c l e of h i g h wax c o n t e n t ( 6 2 ) . D i r e c t l y , h i g h 
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t e m p e r a t u r e s i n c r e a s e p e n e t r a t i o n by l o w e r i n g the v i s c o s i t y 

of the a p p l i e d s o l u t i o n and the c u t i c u l a r b a r r i e r s ( 8 ) , and 

by a c c e l e r a t i n g m e t a b o l i c p r o c e s s e s concerned w i t h uptake and 

t r a n s l o c a t i o n (22,36,56). For c h e m i c a l s w i t h h i g h vapor 

p r e s s u r e s , h i g h t e m p e r a t u r e s may r e s u l t i n v o l a t i l i z a t i o n of 

the s o l u t i o n from the l e a f s u r f a c e , t h e r e b y r e d u c i n g the 

amount a v a i l a b l e f o r p e n e t r a t i o n ( 4 0 ) . In a r e c e n t s t u d y , 

most but not a l l of the d i f f e r e n c e s i n s u s c e p t i b i l i t y t o 

h e r b i c i d e s of p l a n t s under d i f f e r e n t t e m p e r a t u r e s , c o u l d be 

e x p l a i n e d on the b a s i s of d i f f e r e n c e s i n a b s o r p t i o n and 

t r a n s l o c a t i o n (49). 

7. R e l a t i v e H u m i d i t y 

Humid c o n d i t i o n s t e n d t o f a v o u r development of t h i n 

c u t i c l e of low wax c o n t e n t ( 7 ) . Such l e a v e s s h o u l d be 

r e l a t i v e l y permeable. I t has been shown t h a t h i g h h u m i d i t y 

at the time of a p p l i c a t i o n i n c r e a s e s uptake of b o t h o r g a n i c 

(5,8) and i n o r g a n i c compounds (47). T h i s may be due t o 

d e l a y e d d r y i n g of the s p r a y d e p o s i t ( 8 ) , s t i m u l a t i o n of 

s t o m a t a l o p ening (52), and h y d r a t i o n of the c u t i c l e w i t h 

r e s u l t a n t w i d e r spaces between wax p l a t e l e t s (69). 

8. L i g h t 

B r i g h t s u n l i g h t s t i m u l a t e s the p r o d u c t i o n of t h i c k 

c u t i c l e of h i g h wax c o n t e n t and t h u s , i n d i r e c t l y reduces 

p e n e t r a t i o n of f o l i a r s p r a y s . I t i s p r o b a b l e t h a t s u n l i g h t 

a c t s m a i n l y by r a i s i n g l e a f t e m p e r a t u r e . Shade grown p l a n t s 

are r e l a t i v e l y e a s i l y damaged by f o l i a r h e r b i c i d e s (37). L i g h t 

on the o t h e r hand, may a l s o promote p e n e t r a t i o n by c a u s i n g 

opening of stomata (8,56), and by m a i n t a i n i n g a c o n c e n t r a t i o n 
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g r a d i e n t due t o t r a n s l o c a t i o n of p h o t o s y n t h a t e out of the 

l e a v e s (8,71). Recent f i n d i n g s ( 5 7 ) , t h a t dark f o l l o w e d by 

l i g h t promotes f a s t e r p e n e t r a t i o n t h a n c o n t i n u o u s l i g h t 

r e q u i r e s f u r t h e r s t u d y . As p r e v i o u s l y s u g g e s t e d , i t may be 

t h a t the s w e l l i n g of guard c e l l s d u r i n g opening causes 

r a p i d uptake. 

9. R a i n and Dew 

R a i n may wash o f f s p r a y d e p o s i t s b e f o r e they have had 

time t o p e n e t r a t e or become absorbed by the c u t i c l e . A l i g h t 

r a i n may promote uptake by k e e p i n g the d e p o s i t i n s o l u t i o n . 

S i m i l a r l y , a d r i e d s p r a y d e p o s i t may r e d i s s o l v e i n n i g h t dew 

and be absorbed w i t h the dew d r o p l e t when the stomata open i n 

the morning ( 4 6 ) . 

10. Spray D r o p l e t 

The s i z e , s u r f a c e t e n s i o n , and v e l o c i t y of a p p l i c a t i o n 

of s p r a y d r o p l e t s i n f l u e n c e s r e t e n t i o n and p e n e t r a t i o n . As 

a r u l e , the s m a l l e r the d r o p l e t , the b e t t e r i t s r e t e n t i o n on 

the l e a f . In peas, r e t e n t i o n f e l l f rom 100% t o z e r o as 

d r o p l e t d i a m e t e r i n c r e a s e d from 100 t o 250 m i c r o n s ( 3 1 ) . 

P a r t i c l e s s m a l l e r than 20 m i c r o n s seldom s e t t l e onto a l e a f 

s u r f a c e on a sunny day (15). On an o v e r c a s t day, such s m a l l 

d r o p l e t s may e n t e r stomata d i r e c t l y , p r o v i d e d t h a t a h i g h 

v e l o c i t y s p r a y i s used ( 8 ) . Large d r o p l e t s r e m a i n i n s o l u t i o n 

l o n g e r so t h a t c u t i c u l a r p e n e t r a t i o n may o c c u r over a l o n g e r 

p e r i o d of t i m e . 

11. F o r m u l a t i o n of C h e m i c a l 

Chemicals may be f o r m u l a t e d i n many d i f f e r e n t ways, 
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each h a v i n g i t s own c h a r a c t e r i s t i c p r o p e r t i e s . H e r b i c i d e s may 

be f o r m u l a t e d as s o l u t i o n s of water or o i l , e m u l s i o n s , w e t t a b l e 

powders, g r a n u l e s , and d u s t s (39). For f o l i a r a p p l i c a t i o n s , 

s o l u t i o n s or e m u l s i o n s a re g e n e r a l l y used. I t i s b e l i e v e d 

t h a t d i f f e r e n t f o r m u l a t i o n s of a h e r b i c i d e have the same a c t i o n 

i n t he p l a n t but d i f f e r i n t h e i r speed and path of p e n e t r a t i o n 

( 7 4 ) . Work w i t h 2 , 4-D showed the f o l l o w i n g o r d e r of t o x i c i t y t o 

one s p e c i e s : Na s a l t - N H 4 s a l t - amine - e s t e r ( l e a s t t o 

g r e a t e s t ) ( 8 ) . 

The e f f e c t i v e n e s s of e s t e r f o r m u l a t i o n s i s l a r g e l y due 

t o t h e i r low p o l a r i t y and consequent ease of p e n e t r a t i o n of 

the c u t i c l e ( 5 6 ) . Low m o l e c u l a r w e i g ht e s t e r s such as m e t h y l , 

e t h y l , and p r o p y l t e n d t o be v o l a t i l e so t h a t much of the 

h e r b i c i d e may be l o s t b e f o r e p e n e t r a t i o n can o c c u r . The use 

of h i g h m o l e c u l a r w e i g ht e s t e r s overcomes t h i s ( 39). 

The pH, degree of d i s s o c i a t i o n , and presence of o t h e r 

i o n s i n f l u e n c e s p e n e t r a t i o n (31). 2 , 4-D and dal a p o n e v i d e n t l y 

p e n e t r a t e most r a p i d l y i n the u n d i s s o c i a t e d form as low pH 

f a v o r s t h e i r e n t r y (8,23,51). The p e r m e a b i l i t y of the c u t i c l e 

and r a t e of m e t a b o l i c uptake may a l s o be a f f e c t e d by pH (8,31). 

Ions such as NH4" and P O 4 "def i n i t e l y i n f l u e n c e uptake but the 

d i r e c t i o n of the e f f e c t i s d i s p u t e d (8,51,66). 

More s t u d y on the e f f e c t s of f o r m u l a t i o n on 

s e l e c t i v i t y and p e n e t r a t i o n c o u l d l e a d t o much more 

s o p h i s t i c a t e d and e f f i c i e n t use of the c h e m i c a l s which a re 

now a v a i l a b l e . 

12. S u r f a c t a n t s 

The v a l u e of s u r f a c t a n t s i n i n c r e a s i n g the e f f e c t i v e n e s s 
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of h e r b i c i d e s i s w e l l known. I n c r e a s e d response of up t o 

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

s u r f a c t a n t ( 8 ) . The ways i n which s u r f a c t a n t s may i n c r e a s e 

p e n e t r a t i o n are summarized by Sargent (5 5 ) : 

a) by i n c r e a s i n g the a r e a of c o n t a c t t h r o u g h 
s p r e a d i n g the s o l u t i o n . 

b) by e l i m i n a t i n g a i r f i l m s between the s o l u t i o n 
and p l a n t s u r f a c e . 

c) by a c t i n g as c o s o l v e n t s or s o l u b i l i z i n g agents 
i n c u t i c u l a r p e n e t r a t i o n . 

d) by e a s i n g e n t r y t h rough open stomata and 
subsequent movement th r o u g h i n t e r c e l l u l a r 
s p aces. 

e) by a c t i n g i n a s econdary c a p a c i t y as humectants 
by r e t a r d i n g d r y i n g out of the s o l u t i o n . 

Most of the e f f e c t s of s u r f a c t a n t s appear thus t o be 

due t o a l o w e r i n g of s u r f a c e t e n s i o n . In some c a s e s , however, 

h e r b i c i d a l enhancement may o c c u r w i t h o u t change i n s u r f a c e 

t e n s i o n (55). An i d e a l s u r f a c t a n t m o l e c u l e has b oth 

r e l a t i v e l y l i p o p h i l i c arid h y d r o p h i l i c p o r t i o n s and i s not 

h i g h l y t o x i c i n i t s e l f ( 8 ) . 

The e f f e c t s of s u r f a c t a n t s may not a l l be b e n e f i c i a l . 

For example, where s e l e c t i v i t y i n a c r o p depends on i t s waxy 

l e a v e s , a s u r f a c t a n t may cause w e t t i n g and damage t o the c r o p . 

Use of a s u r f a c t a n t on a h i g h l y w e t t a b l e l e a f s u r f a c e may r e s u l t 

i n a t h i n n e r f i l m of s o l u t i o n and thus a s m a l l e r s p r a y l o a d on 

the l e a f (55). 

S u r f a c t a n t s may be c l a s s i f i e d as n o n - i o n i c , c a t i o n i c , 

or a n i o n i c ( 3 9 ) . A l l s u r f a c t a n t s do not g i v e e q u a l l y 

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

e x p e r i m e n t a t i o n and s e l e c t i o n i s r e q u i r e d t o a v o i d d i f f i c u l t i e s 

such as p r e c i p i t a t e f o r m a t i o n ( 8 ) . 
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Recent r e s e a r c h i n the f i e l d of s u r f a c t a n t use i s 

e x t e n s i v e (33). S t u d i e s have i n v o l v e d the p h y s i c a l and 

c h e m i c a l c h a r a c t e r s of s u r f a c t a n t s themselves (2,35), as w e l l 

as the r e l a t i o n s h i p of thos e c h a r a c t e r s t o h e r b i c i d a l e f f e c t s 

and e n t r y of t r a c e r s i n t o l e a v e s (24,32). From the p r a c t i c a l 

approach, e x t e n s i v e s t u d i e s on the i n t e r a c t i o n s of s u r f a c t a n t s , 

s u r f a c t a n t c o n c e n t r a t i o n s , and v a r i o u s h e r b i c i d e s have been 

c a r r i e d out (34,43,44,67). 

I I STOMATA 

Stomata may be c o n s i d e r e d as openings i n the e p i d e r m i s 

bounded by two guard c e l l s ( 2 0 ) . In t h i s d i s c u s s i o n , the 

stomata a re t a k e n t o i n c l u d e the pore and the guard c e l l s . 

There may a l s o be a d j a c e n t m o d i f i e d e p i d e r m a l c e l l s known as 

a c c e s s o r y c e l l s . Stomata a re organs of gaseous exchange i n 

h i g h e r p l a n t s and are e s p e c i a l l y numerous i n green l e a v e s . 

P r e v i o u s mention was made of the p o s s i b l e r o l e of the s t o m a t a l 

pore, guard c e l l s , and a c c e s s o r y c e l l s i n p e n e t r a t i o n of f o l i a r 

c h e m i c a l s . 

The s t u d y of stomata from an anatomic and taxonomic 

v i e w p o i n t has been of i n t e r m i t t e n t i n t e r e s t s i n c e the t u r n of 

the' c e n t u r y . S i n c e the f i r s t comprehensive s u r v e y of greenhouse 

p l a n t s ( 1 6 ) , t h e r e have been r e l a t i v e l y few s y s t e m a t i c s t u d i e s 

on the s i z e and number of stomata (46,54,65). A few s t u d i e s 

have d e a l t w i t h c o r r e l a t i o n of s t o m a t a l numbers w i t h l e a f s i z e 

w h i l e o t h e r s have been concerned w i t h the s t o m a t a l complement 

of a r e s t r i c t e d p l a n t group (28,68). The o r i e n t a t i o n of 

stomata has been s t u d i e d and i t has been found t h a t t h e r e i s 
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a tendency f o r them t o be a l i g n e d w i t h t h e i r l o n g a x i s 

p a r a l l e l w i t h u n d e r l y i n g v e i n s (63). T h i s i s c o n s i s t e n t w i t h 

t h e p a r a l l e l o r i e n t a t i o n common i n monocot l e a v e s and the 

a p p a r e n t l y random o r i e n t a t i o n i n d i c o t l e a v e s . 

The taxonomic s t u d y of stomata has l e d t o the 

r e c o g n i t i o n of f o u r main t y p e s i n r e g a r d t o a c c e s s o r y c e l l 

number and arrangement (45). 

The p h y s i o l o g y of stomata, e s p e c i a l l y the opening and 

c l o s i n g p r o c e s s has r e c e i v e d p a r t i c u l a r a t t e n t i o n . In 

c o n j u n c t i o n w i t h t h i s t h e r e have been many methods of 

o b s e r v i n g stomata p u b l i s h e d from time t o t i m e . These i n c l u d e : 

horn and yucca hygroscopes ( 1 1 ) ; r e s i s t a n c e thermometer t o 

s t u d y changes i n l e a f t e m p e r a t u r e ( 1 2 ) ; e p i d e r m a l s t r i p p i n g and 

f i x a t i o n i n a l c o h o l ( 4 1 ) ; porometer t o measure a i r f l o w t h rough 

l e a f ( 1 3 ) ; c o b a l t - c h l o r i d e h y g r o m e t r i c paper ( 4 2 ) ; i n f i l t r a t i o n 

w i t h a l c o h o l i c dye s o l u t i o n ( 7 3 ) ; new r e s i s t a n c e thermometer 

method ( 6 4 ) ; i n f i l t r a t i o n w i t h v a r i o u s s o l v e n t s ( 1 , 1 0 ) ; 

c e l l u l o s e a c e t a t e f i l m s ( 5 0 ) ; s c o t c h tape method ( 5 8 ) ; and 

time l a p s e photography of i n t a c t l e a v e s ( 1 7 ) . None of th e s e 

methods i s e n t i r e l y s a t i s f a c t o r y but used i n c o m b i n a t i o n w i t h 

v i s u a l o b s e r v a t i o n of l i v e l e a v e s , t h e y y i e l d u s e f u l i n f o r m a t i o n . 

The e a r l i e s t comprehensive s t u d i e s of s t o m a t a l 

p h y s i o l o g y a r e those of L l o y d i n 1908 (4 1 ) , and L o f t f i e l d i n 

1921 ( 4 2 ) . Recent r e v i e w s a re by Heath i n 1959 (30), and 

K e t e l l a p e r i n 1963 (38) . The p h y s i o l o g y of stomata i s , even 

now, not c o m p l e t e l y u n d e r s t o o d . 
Because open stomata may be an i m p o r t a n t s i t e of 
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p e n e t r a t i o n of f o l i a r a p p l i e d c h e m i c a l s , i t i s n e c e s s a r y t o 

be f a m i l i a r w i t h the f a c t o r s a f f e c t i n g opening and c l o s i n g . 

The f o l l o w i n g summary i s a m o d i f i c a t i o n of the r e v i e w by 

K e t e l l a p p e r (38). I t has l o n g been known t h a t guard c e l l s 

a r e p e c u l i a r i l y adapted f o r opening by c o m b i n a t i o n s of c e l l 

w a l l c h a r a c t e r s and i n t e r n a l t u r g o r p r e s s u r e . In most d i c o t s , 

the p r i m a r y w a l l next t o the pore has the c e l l u l o s e m i c e l l e s 

o r i e n t e d i n such a way as t o p e r m i t m i n i m a l e x t e n s i o n . To 

f u r t h e r m i n i m i z e e x t e n s i b i l i t y , s econdary t h i c k e n i n g s may be 

added. The remainder of the guard c e l l w a l l i s r e l a t i v e l y 

e x t e n s i b l e so t h a t when t u r g o r p r e s s u r e i s i n c r e a s e d , the 

guard c e l l tends t o bend away from the pore. In most monocots, 

the guard c e l l s are dumbbell shaped and the bulbous t i p s s w e l l t o 

open the pore. 

The e n v i r o n m e n t a l f a c t o r s which r e g u l a t e s t o m a t a l 

a p e r t u r e are l i g h t , C O 2 , water s t r e s s , and t e m p e r a t u r e . 

O r d i n a r i l y , morning l i g h t causes p h o t o s y n t h e s i s i n the 

m e s o p h y l l and guard c e l l s accompanied by a r e d u c t i o n of C O 2 

i n the guard c e l l s and opening of the stomata. A water d e f i c i t 

w i l l o v e r - r i d e a l l o t h e r e f f e c t s and cause c l o s u r e . Temperatures 

above 30°C. cause i n c r e a s e d C O 2 c o n t e n t of the guard c e l l s and 

s t o m a t a l c l o s u r e . T h i s may e x p l a i n the commonly o b s e r v e d 

mid-day c l o s u r e . 

The c l a s s i c a l mechanism f o r s t o m a t a l opening was t h a t 

the r e d u c e d i n t e r n a l C O 2 caused i n c r e a s e d guard c e l l pH which 

f a v o u r e d a c o n v e r s i o n of s t a r c h t o s o l u b l e sugar w i t h 

r e s u l t a n t i n c r e a s e i n o s m o t i c p r e s s u r e and t u r g o r . I t i s now 
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known t h a t t h i s e x p l a n a t i o n i s i n c o m p l e t e . As a r e s u l t , i t 

has been proposed t h a t an a c t i v e , energy r e q u i r i n g , t r a n s p o r t 

system i s i n v o l v e d w h i c h supplements the c l a s s i c a l mechanism. 

Whether the a c t i v e t r a n s p o r t a p p l i e s t o s o l u t e or water and i f 

opening or c l o s i n g or both i s the a c t i v e p r o c e s s i s not known. 

F u r t h e r r e s e a r c h i n t o the b i o c h e m i s t r y of p h o t o s y n t h e s i s w i l l 

p r o b a b l y p r o v i d e an e v e n t u a l e x p l a n a t i o n . 

I l l TRICHOMES 

The m a j o r i t y of v a s c u l a r p l a n t s possess t r i c h o m e s or 

e p i d e r m a l h a i r s on at l e a s t some of t h e i r a e r i a l organs. A 

t r i c h o m e i s i n i t i a t e d as a p r o t r u b e r a n c e from an e p i d e r m a l 

c e l l w h i c h e l o n g a t e s and may undergo v a r i o u s d i v i s i o n s ( 2 0 ) . 

A u n i c e l l u l a r t r i c h o m e may resemble a s i m p l e h a i r or i t may 

bran c h t o form a f o r k e d h a i r or a T-shaped h a i r c l o s e l y 

a p p r e s s e d t o the l e a f s u r f a c e . Great d i v e r s i t y i s p o s s i b l e i n 

m u l t i c e l l u l a r h a i r s . They may ascend f o r some d i s t a n c e and 

then d i v i d e i n a s i n g l e p l a n e t o produce s t e l l a t e ( s t a r - s h a p e d ) 

or p e l t a t e ( s c a l e - l i k e ) t o p s . By c o m b i n a t i o n s of p e r i c l i n a l 

and a n t i c l i n a l d i v i s i o n s , d e n d r o i d ( t r e e - l i k e ) or c a n d e l a b r a 

h a i r s may be produced. Those which d i v i d e p e r i c l i n a l l y at the 

base may form massive m u l t i c e l l u l a r h a i r s . 

The g r e a t d i v e r s i t y of t r i c h o m e s has l e d t o t h e i r 

s y s t e m a t i c s t u d y and subsequent use i n taxonomy (4). While 

they a re not u s e f u l f o r the i d e n t i f i c a t i o n and c l a s s i f i c a t i o n 

of a l l p l a n t s , t hey a re used i n many keys and taxonomic 

monographs. They may be u s e f u l at the f a m i l y , genus, s p e c i e s , 

and even s p e c i e s h y b r i d l e v e l (45). 
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Trichomes may r e t a i n l i v i n g p r o t o p l a s t s or th e y may 

l o s e t h e i r p r o t o p l a s m i c c o n t e n t s (20). They may p e r s i s t 

t h r o u g h o u t the l i f e of a l e a f or they may be ephemeral, b e i n g 

d i s c a r d e d as the l e a f matures ( 2 0 ) . T h i s c o r r e s p o n d s w i t h the 

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

t r a n s p i r a t i o n by l o w e r i n g s u r f a c e t e m p e r a t u r e and m a i n t a i n i n g 

a humid micro-environment a t the l e a f s u r f a c e (29). They may 

a l s o reduce the d e s t r u c t i o n of c h l o r o p h y l l by s u n l i g h t when 

the l e a f i s young and the c u t i c l e i s t h i n (29). 

The more complex or p h y l o g e n e t i c a l l y advanced (4) 

t r i c h o m e s have s p e c i a l p r o p e r t i e s which e q u i p them f o r v a r i o u s 

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

r e d u c i n g t r a n s p i r a t i o n . Some t r i c h o m e s have s e c r e t o r y 

g l a n d u l a r heads; o t h e r s such as n e t t l e s , have b r i t t l e t i p s 

w i t h b u l b o u s , t o x i n - f i l l e d bases w h i c h e j e c t p o i s o n i n t o the 

u n f o r t u n a t e a n i m a l making c o n t a c t . Some h a i r s have g r e a t l y 

t h i c k e n e d w a l l s and s h a r p t i p s c o n t a i n i n g l i g n i n , s i l i c a , or 

c a l c i u m c a r b o n a t e (20). These s t r u c t u r e s p r o t e c t the l e a f 

s u r f a c e from b r o w s i n g a n i m a l s and i n s e c t s ( 29). 

As was a l r e a d y mentioned, t r i c h o m e s may c o n t a i n a 

l a r g e number of ectodesmata (25). Thus they may s e r v e as 

are a s of uptake of f o l i a r a p p l i e d c h e m i c a l s . I t i s a l s o 

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

a b s o r p t i v e a b i l i t y . The r u p t u r e d b a s a l c e l l s or c a v i t y l e f t 

when a t r i c h o m e i s shed may be p o i n t s of c h e m i c a l p e n e t r a t i o n , 

a l t h o u g h i t i s known t h a t i n some s p e c i e s c e l l w a l l growth 

and c u t i n i z a t i o n r a p i d l y f i l l t he openings (29). In g e n e r a l , 
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has been c o n f i n e d t o m a c r o s c o p i c o b s e r v a t i o n s . 
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MATERIALS AND METHODS 

I E s t a b l i s h m e n t of the Weed N u r s e r y . 

In o r d e r t o reduce e n v i r o n m e n t a l v a r i a b i l i t y , a weed 

n u r s e r y was e s t a b l i s h e d i n which a l l of the s p e c i e s s t u d i e d 

were grown i n an e s s e n t i a l l y u n i f o r m environment. The s i t e 

was p r e p a r e d on a t u r f e d a r e a of the P l a n t S c i e n c e p l o t s a t 

the U n i v e r s i t y of B r i t i s h Columbia. Two by f i v e f o o t p l o t s were 

dug out of the t u r f as shown i n f i g u r e 1. 

N 1BBIBBS11B 
I I I I I 1 1 1 B 1 
B l l l l i B i B 

B 

V i l l i 1 i i B 

H I l l l l T I l ^ 
V i l l i l l . l l f r \ 5 , ^ rs 
2' 

F i g u r e 1. Weed n u r s e r y p l o t p l a n . 

The weeds were i n t r o d u c e d i n t o t h e i r r e s p e c t i v e 

p l o t s between May 26 and May 31, 1965. Most s e e d l i n g s were 

o b t a i n e d from v a r i o u s p l a c e s on campus. Redroot pigweed, 

yarrow, Canada t h i s t l e , hemp n e t t l e , and b r o a d l e a f dock were 

found a t L a n g l e y , B.C. S p o t t e d knapweed and t o a d f l a x came 

from Westwold, B.C. White c o c k l e , R u s s i a n knapweed and l e a f y 
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spurge were from Campbell Creek and d i f f u s e knapweed from 

P r i t c h a r d , B.C. B l u e bur, w i l d o a t s , an-d b a r n y a r d g r a s s 

were grown from seed i n the greenhouse p r i o r t o t r a n s p l a n t i n g 

i n t he f i e l d . 

T a b l e 1 . 

F a m i l y Common Name 
Amaranthaceae 

• r e d r o o t pigweed 
B o r a g i n a c e a e 

• b l u e bur 
C a r y o p h y l l a c e a e 

•chickweed 
•mouse-ear chickweed 
• w h i t e c o c k l e 

Chenopodiaceae 
• l a m b s q u a r t e r s 

Compositae 
yarrow 
d i f f u s e knapweed 

• s p o t t e d knapweed 
R u s s i a n knapweed 

•Canada t h i s t l e 
• c a t ' s e ar 
pineappleweed 

• g r o u n d s e l 
a n n u a l sow t h i s t l e 
d a n d e l i o n 

C r u c i f e r a e 
w i l d r a d i s h 
•hedge mustard 
•shepherd's purse 
s t i n k w e e d 

E u p h o r b i a c e a e 
• l e a f y spurge 

Gramineae 
•couch g r a s s 
• w i l d o a t s 
• b a r n y a r d g r a s s 

L a b i a t a e 
hemp n e t t l e 

P l a n t a g i n a c e a e 
•narrow l e a f p l a n t a i n 
b r o a d l e a f p l a n t a i n 

Polygonaceae 
• w i l d buckwheat 
• l a d y ' s thumb 
• p r o s t r a t e knotweed 

L i s t of weeds s t u d i e d . 

S c i e n t i f i c Name 

Amaranthus r e t r o f l e x u s L. 

Lap p u l a e c h i n a t a G i l i b . (seed) 

S t e l l a r i a media (L.) C y r i l l o 
C e r a s t i u m vulgatum L. 
L y c h n i s a l b a M i l l . 

Chenopodium album L. 

A c h i l l e a m i l l e f o l i u m L. 
Centaurea d i f f u s a Lam. 
C. maculosa Lam. 
C. repens L. 
C i r s i u m arvense (L) Scop. 
H y p o c h a e r i s r a d i c a t a L. 
M a t r i c a r i a m a t r i c a r i o i d e s ( L e s s ) 
S e n e c i o v u l g a r i s L. P o r t e r 
Sonchus o l e r a c e u s L. 
Taraxacum o f f i c i n a l e Weber 

Raphanus r a p h a n i s t r u m L. 
Sisymbrium o f f i c i n a l e (L.) Scop. 
C a p s e l l a b u r s a - p a s t o r i s (L.) Medic, 
T h l a s p i arvense L. 

Eu p h o r b i a e s u l a L. 

Agropyron repens (L.) Beauv. 
Avena f a t u a L. 
E c h i n o c h l o a c r u s g a l l i (L.) Beauv. 

G a l e o p s i s t e t r a h i t L. 

P l a n t a g o l a n c e o l a t a L. 
P. major L. 

Polygonum c o n v o l v u l u s L. 
P. p e r s i c a r i a L. 
P. a v i c u l a r e L. 
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•sheep s o r r e l 
• b r o a d i e a f dock 

Rumex a c e t o s e l l a L. 
R. o b t u s i f o l i u s L. 

P o r t u l a c a c e a e 
•western s p r i n g beauty Mo n t i a s i b i r i c a L. 

Ranunculaceae 
• c r e e p i n g b u t t e r c u p Ranunculus repens L. 

S c r o p h u l a r i a c e a e 
• t o a d f l a x L i n a r i a v u l g a r i s H i l l 

• S p e c i e s w h i c h were grown i n a r e a B as w e l l as i n a r e a A 
( f i g u r e 1) 

c o n s i d e r e d a weed, was i n c l u d e d as a r e p r e s e n t a t i v e of the 

s u c c u l e n t l e a v e d P o r t u l a c a c e a e . 

s p a c i n g between p l a n t s was 6 i n c h e s . The p l o t s were kept 

f r e e of o t h e r p l a n t s by hand weeding at i n t e r v a l s t hroughout 

the summer. The g r a s s between the p l o t s was mowed r e g u l a r l y . 

As i t was f e l t t h a t such a l a c k of c o m p e t i t i o n and s h a d i n g 

was u n n a t u r a l f o r weeds, t h i r t y wooden s l a t shades were 

c o n s t r u c t e d and e r e c t e d over the p l o t s i n a r e a B. These 

shades c o n s i s t e d of wooden l a t h e s a p p r o x i m a t e l y \\ i n c h e s wide 

spaced one l a t h e w i d t h a p a r t on a 3 by 6 f o o t frame. I t was 

i n t e n d e d t h a t they would ^ s i m u l a t e a growing c r o p by 

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

In a l l o t h e r r e s p e c t s , the p l o t s i n area B were i d e n t i c a l 

t o t h o s e i n A. H e n c e f o r t h , a r e a s A and B w i l l be r e f e r r e d 

t o as sun and shade, r e s p e c t i v e l y . F i g u r e 2 shows the p l o t 

a r e a w i t h shades i n p l a c e i n mid-summer. 

Western s p r i n g beauty, M o n t i a s i b i r i c a , a l t h o u g h not 

Each p l o t c o n t a i n e d t e n p l a n t s i n a row, thus the 
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F i g u r e 2. The weed n u r s e r y i n mid-summer. 

I I Leaf Sampling P r o c e d u r e . 

Leaf samples were ta k e n a t two d a t e s . The f i r s t time 

of s a m p l i n g was June 28-30 and c o n s i s t e d of t a k i n g a minimum 

of 6 mature, h e a l t h y l e a v e s from each of the 2nd, 4 t h , 6 t h , and 

8 t h p l a n t s i n each p l o t . These f o u r p l a n t s per p l o t are 

h e n c e f o r t h r e f e r r e d t o as r e p l i c a t i o n s 1 t o 4. The second 

h a r v e s t was made on J u l y 29-30 from p l a n t s 3,5,7, and 9. 

As the l e a v e s of each p l a n t were removed they were 

p l a c e d i n i n d i v i d u a l v i a l s c o n t a i n i n g FAA k i l l i n g and f i x i n g 

s o l u t i o n (90:5:5 - 50% e t h a n o l , formaldehyde, a c e t i c a c i d ) . 

These v i a l s were l e f t o v e r n i g h t or f o r not more than 24 hours 

and then the FAA was r e p l a c e d w i t h 70% e t h a n o l . They were 

then s t o r e d u n t i l needed f o r s l i d e - m a k i n g . 

I I I S l i d e P r e p a r a t i o n . 

A p p r o x i m a t e l y h a l f of the l e a v e s from each v i a l were 

p l a c e d i n s m a l l beakers or p e t r i d i s h e s i n which they were 
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c l e a r e d and s t a i n e d p r i o r t o mounting on g l a s s s l i d e s i n a 

permanent mounting medium ('Kleermount' - C a r o l i n a B i o l o g i c a l 

S u pply Co.). T h i s method was used because i t a l l o w s m i c r o s c o p i c 

o b s e r v a t i o n of b oth the upper and lower e p i d e r m i s i n any g i v e n 

f i e l d and i t a l s o a l l o w s one t o s e l e c t d e f i n i t e f i e l d s i n 

r e l a t i o n t o d i s t a n c e from l e a f t i p , base, m i d - r i b , and margin. 

I t has the d i s a d v a n t a g e t h a t s t o m a t a l a p e r t u r e may be a f f e c t e d 

by the v a r i o u s s t e p s . 

The c l e a r i n g procedure r e s u l t s i n d i s s o l u t i o n of the 

p r o t o p l a s m i c c o n t e n t s of the l e a f so t h a t o n l y the c e l l w a l l s 

a r e l e f t t o t a k e up the s t a i n . B e g i n n i n g w i t h the l e a v e s 

t a k e n from 70% e t h a n o l , the c l e a r i n g method i n v o l v e d the 

f o l l o w i n g s t e p s : 

a. wash t h o r o u g h l y w i t h water ( i n t h e o r y r u n n i n g 
water s h o u l d be used but i n p r a c t i c e 5-6 
changes over 2-3 hours i s a d e q u a t e ) . 

b. immerse i n 2^% aqueous NaOH u n t i l w h i t e (about 
7 days a v e r a g e ) . 

c. wash w e l l i n water. 
d. immerse i n aqueous c h l o r a l h y d r a t e (250g./lOOcc.) 

o v e r n i g h t or up t o 24 hours. The l e a v e s s h o u l d 
now be c o m p l e t e l y t r a n s p a r e n t . 

e. wash w e l l i n water. 

S e v e r a l s t a i n c o m b i n a t i o n s were t r i e d and of t h e s e , 

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

were most u s e f u l . Those w h i c h were of l i t t l e v a l u e i n 

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

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

t a n n i c a c i d - f e r r i c c h l o r i d e c o m b i n a t i o n a c t u a l l y gave the b e s t 

d i f f e r e n t i a t i o n but the c r y s t a l v i o l e t gave adequate r e s u l t s 

w i t h fewer time consuming s t e p s , so t h a t i t was f i n a l l y s e l e c t e d . 

The procedure f o r both of t h e s e methods i s o u t l i n e d below. 
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1. S a f r a n i n - t a n n i c a c i d - f e r r i c c h l o r i d e . 

a. 1% aqueous t a n n i c a c i d - 10 minutes. 
b. wash w e l l i n water. 
c. 3% aqueous f e r r i c c h l o r i d e - 5 minutes. 
d. wash w e l l i n water. 
e. 30% e t h a n o l - 5 minutes. 
f . 50% 
g. 70% . " 
h. 95% 
i . 100% e t h a n o l -
j . 1:1-xylene and 100% e t h a n o l - 5 minutes. 
k. s a f r a n i n ( l g . / l O O c c 1:1 x y l e n e - e t h a n o l ) s e v e r a l hours. 
1. wash w i t h 1:1 ( x y l e n e - e t h a n o l ) 
m. x y l e n e - change a t l e a s t once, no maximum t i m e , 
n. mount. 

2. C r y s t a l v i o l e t . 

a. \% aqueous c r y s t a l v i o l e t - s e v e r a l hours. 
b. wash w e l l i n water. 
c. t a k e up the a l c o h o l s (e-h, above) 
d. d e c o l o u r i z e i n 100% e t h a n o l u n t i l d e s i r e d c o l o u r 

i s r e a c h e d . 
e. 1 : 1 - 5 minutes. 
f . x y l e n e - at l e a s t 10 minutes, no maximum time. 
g. mount. 

When p o s s i b l e a t l e a s t t h r e e l e a v e s of each r e p l i c a t e 

were mounted on a s l i d e . In the case of l a r g e l e a v e s , p o r t i o n s 

were c u t out midway between the base and t i p of the l e a f . In 

a l l cases the l e a v e s were mounted w i t h t h e i r upper s u r f a c e s 

uppermost. In o r d e r t o f l a t t e n the mounted specimens, l e a d 

w e i g h t s of up t o 150 grams were p l a c e d on each cover s l i p 

d u r i n g the i n i t i a l d r y i n g time of 1-2 weeks. F i g u r e 3 shows 

the f i n a l appearance of a few of the s l i d e s . 
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F i g u r e 3. Mounted l e a v e s ready f o r m i c r o s c o p i c 
e x a m i n a t i o n . 

IV Counts, Measurements and P i c t o r i a l Record. 

A f t e r s l i d e s f o r b o t h s a m p l i n g dates had been made, 

c o u n t i n g and measuring stomata was begun. Ten microscope 

f i e l d s (x500) were counted f o r each s l i d e . In making counts 

c a r e was t a k e n t o a v o i d the base, t i p , m i d v e i n and margin where 

i r r e g u l a r numbers and/or immature stomata were commonly observed. 

Upper and lower s u r f a c e s of the same f i e l d were counted by 

f o c u s s i n g up and down. 

Measurements were made w i t h the a i d of a c a l i b r a t e d 

e y e p i e c e micrometer. Twenty stomata were s e l e c t e d at random 

d u r i n g the c o u n t i n g procedure and were measured f o r l e n g t h from 

t i p t o t i p of the guard c e l l s . I t was d e c i d e d t o measure o n l y 

the l e n g t h of the guard c e l l s as i t was f a s t e r and l e s s s u b j e c t 

t o v a r i a b i l i t y then measurements of w i d t h or s i z e of a p e r t u r e . 
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A t o t a l of over 450 s l i d e s r e p r e s e n t i n g 33 s p e c i e s were 

s t u d i e d . A l t o g e t h e r , a p p r o x i m a t e l y 75,000 stomata were 

co u n t e d and about 19,000 were measured. 

Pen and i n k drawings were made t o i l l u s t r a t e the 

e p i d e r m a l f e a t u r e s of the v a r i o u s s p e c i e s . P hoto-micrographs 

were t a k e n t o i l l u s t r a t e s p e c i f i c f e a t u r e s but t h e y were not 

used e x t e n s i v e l y because of t h e i r i n a b i l i t y t o show depth and 

the f a c t t h a t some of the l e a v e s were not p e r f e c t l y f l a t so 

t h a t o n l y a p a r t of the f i e l d was i n f o c u s a t a t i m e . In 

a d d i t i o n , not a l l of the s p e c i e s had enough c o n t r a s t i n 

s t a i n i n g t o p e r m i t good photographs. Photographs were used 

t o i l l u s t r a t e the appearance of t r i c h o m e s under f a i r l y low 

m a g n i f i c a t i o n . In a l l c a s e s , a Z e i s s Photomicroscope was 

used. 

V. H e r b i c i d e S u s c e p t i b i l i t y T r i a l . 

A f t e r some data on stomata counts were a v a i l a b l e , t h r e e 

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

e x p eriment i n the greenhouse. The t h r e e s p e c i e s were w h i t e 

c o c k l e w h i c h was s e l e c t e d f o r i t s r e l a t i v e l y g l a b r o u s l e a v e s 

w i t h most stomata on the lower s u r f a c e ; hemp n e t t l e s e l e c t e d 

f o r pubescent l e a v e s w i t h most stomata on t h e lower s u r f a c e ; 

and l a m b s q u a r t e r s which has a t h i c k c o a t i n g of f o l i a r wax on 

b o t h s u r f a c e s and most stomata on the lower s u r f a c e . 

For t h i s e x p e r i m e n t , seeds which had been p r e v i o u s l y 

h a r v e s t e d from the f i e l d p l o t s were sown i n 3 by 3 i n c h p l a n t 

bands i n greenhouse f l a t s . In o r d e r t o o b t a i n s a t i s f a c t o r y 

growth f o l l o w i n g p l a n t i n g i n December, 1965, the f l a t s were 
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p l a c e d under a bank of c o o l w h i t e f l u o r e s c e n t l i g h t s which 

p r o v i d e d an i n t e n s i t y of about 900 f o o t c a n d l e s a t p l a n t l e v e l 

f o r a d a y l e n g t h of 16 hours. A f t e r 6 weeks, growth was v e r y 

good. At t h a t t i m e , the i n d i v i d u a l bands c o n t a i n i n g 3, 4, or 

5 p l a n t s of w h i t e c o c k l e , l a m b s q u a r t e r s , or hemp n e t t l e 

r e s p e c t i v e l y , were removed from the f l a t s and the t r e a t m e n t s 

were a p p l i e d . 

The t r e a t m e n t s c o n s i s t e d of 0, 1, 10, 100, and 1000 ppm. 

aqueous s o l u t i o n s of p i c l o r a m ( 4 - a m i n o - 3 , 5 , 6 - t r i c h l o r o - p i c o l i n i c 

a c i d ) a p p l i e d t o the l e a v e s as a f i n e s p r a y i n a volume of 

5 ml. per p l a n t band. Runoff was n e g l i g i b l e . V a r i a b l e s b e s i d e s 

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

lower l e a f s u r f a c e and t o p l a n t s w i t h r e l a t i v e l y c l o s e d stomata 

v e r s u s t h o s e w i t h r e l a t i v e l y open stomata. The l a t t e r c o n d i t i o n s 

were a c h i e v e d by a p p l y i n g the h e r b i c i d e p r i o r t o exposure t o 

morning l i g h t and a f t e r 2 hours of s u n l i g h t , r e s p e c t i v e l y . 

In o r d e r t o a v o i d the i n t r o d u c t i o n of a r t i f i c i a l c o n d i t i o n s , 

a p p l i c a t i o n s were made by s i m p l y s p r a y i n g from above or below 

the l e a v e s f o r upper and lower s u r f a c e a p p l i c a t i o n , r e s p e c t i v e l y . 

The methods used approximate t h o s e which would be p o s s i b l e under 

f i e l d c o n d i t i o n s . 

F o l l o w i n g the s p r a y a p p l i c a t i o n s on January 16, 1966, 

the p l a n t bands were randomly a r r a n g e d on a greenhouse bench 

w i t h o u t supplementary l i g h t . Two weeks l a t e r , the p l a n t s were 

h a r v e s t e d at ground l e v e l and f r e s h and dry w e i g h t s were t a k e n . 

These w e i g h t s were s u b j e c t e d t o a n a l y s i s of v a r i a n c e i n an attempt 

t o d e t e c t d i f f e r e n c e s i n h a r v e s t w e i g ht a s s o c i a t e d w i t h the 

t r e a t m e n t s . 
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RESULTS 

The data p e r t a i n i n g t o the 8 s p e c i e s which were grown 

o n l y under sunny c o n d i t i o n s were a n a l y z e d s e p a r a t e l y from 

t h o s e of the l a r g e group of 25 s p e c i e s , grown under shade and 

i n sun. For c o n v e n i e n c e , the r e s u l t s of the two groups w i l l 

be g i v e n s e p a r a t e l y and then a f i n a l summary t a b l e w i l l be 

p r e s e n t e d . A l l of the l a r g e s t a t i s t i c a l a n a l y s e s , b o t h f o r 

the h e r b i c i d e experiment and the counts and measurements, were 

c a r r i e d out u s i n g the I.B.M. 7040 Computer at the U.B.C. 

Computing C e n t r e . 

I S t o m a t a l Number and S i z e of E i g h t S p e c i e s Grown i n Sun Only, 

Table 2. Number and s i z e of stomata of e i g h t s p e c i e s , mean 
of b o t h s u r f a c e s and s a m p l i n g dates ( i n o r d e r of 
d e c r e a s i n g number). 

2 
S p e c i e s No./mm. S i z e i n M i c r o n s 

d a n d e l i o n - 216.6a* 26.6 
w i l d r a d i s h - 215.4a 25.5a 
b . l . p l a n t a i n - 190.8 25.7a 
s t i n k w e e d - 144.5 25.4a 
s p o t t e d knapweed - 137.3 29.2 
hemp n e t t l e - 124.5 27.6 
pineappleweed - 88.5 34.5 
yarrow - 8 3 . 8 37.7 

* In t h i s and i n a l l f u r t h e r p r e s e n t a t i o n s of d a t a , 
means w i t h i n columns f o l l o w e d by the same l e t t e r 
were not s i g n i f i c a n t l y d i f f e r e n t at the 5% l e v e l 
a c c o r d i n g t o Duncan's new m u l t i p l e range t e s t (DMRT). 

1. S t o m a t a l Numbers 

The c o n c e n t r a t i o n s of stomata v a r i e d g r e a t l y w i t h 

s p e c i e s , h a r v e s t d a t e , and s u r f a c e (appendix t a b l e 1 ) . T a k i n g 

the means of b o t h upper and lower s u r f a c e and both s a m p l i n g 
2 

d a t e s , the 8 s p e c i e s had the numbers of stomata per mm, of 

l e a f s u r f a c e shown i n t a b l e 2. 
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Tab l e 3. Number of stomata per mm. on upper and lower l e a f 
s u r f a c e a t two s a m p l i n g d a t e s , ( i n o r d e r of 
d e c r e a s i n g grand mean). 

June J u l y 
S p e c i e s Upper Lower Upper Lower 

d a n d e l i o n 141. 3 g h i 241. , Oabc 155. , 3efgh 328. 6 
w i l d r a d i s h 219. . 3abcd 195. . 3cdef 201. ,3bcde 231. Oabc 
b.1. p l a n t a i n 125. 3 j k l 172. .Odefgh 217. .9abcd 247. 9ab 
s t i n k w e e d 100. 6 j k l m 148. O f g h i 121. .3 j k l 207. 9bcd 
s p o t t e d knapweed 137. 3 g h i 128. Ojk 131. 3 i j 152 . 6f gh 
hemp n e t t l e 11. 3n 172. .Odefg 53. 3mn 261. 3a 
pineappleweed 118. 6 j k l 60. Omn 120. .6 j k l 54. 6mn 
yarrow 81. .3klmn 41. 3n 136. . Ohi 76. 61mn 

mean 116. 9 144. ,7 138. 2 197. 2 

(DMRT comparisons w i t h i n the body of the t a b l e , o n l y . The 
f o u r s u r f a c e means are s i g n i f i c a n t l y d i f f e r e n t from one 
a n o t h e r ) . 

As shown i n t a b l e 3, the mean number of stomata per 
2 

mm. was much g r e a t e r on the lower s u r f a c e than on the upper 
at b o t h h a r v e s t d a t e s . T a k i n g the average of b o t h d a t e s , the 

mean d e n s i t i e s were 171.8/mm.2 on the lower and 127.2/mm.^ on 

the upper s u r f a c e . T h i s d i f f e r e n c e was s i g n i f i c a n t at the 

0.5% l e v e l . In the f o l l o w i n g t e x t , o n l y t h o s e d i f f e r e n c e s 

which were s i g n i f i c a n t a t the 5% l e v e l or more h i g h l y 

s i g n i f i c a n t a r e mentioned. Of the 8 s p e c i e s , o n l y pineappleweed 

and yarrow had a g r e a t e r d e n s i t y of stomata on the upper than 

on the lower s u r f a c e . T a k i n g the mean of bo t h s u r f a c e s , the 

d e n s i t y of 130.8/mm.^ at the June s a m p l i n g date was c o n s i d e r a b l y 
o 

l e s s than the J u l y mean of 169.5/mm. Not a l l s p e c i e s r e a c t e d 

i n the same way but the i n t e r a c t i o n was much l e s s than t h a t 

w i t h s u r f a c e . There was s i g n i f i c a n t i n t e r a c t i o n between l e a f 

s u r f a c e and s a m p l i n g date. At the f i r s t h a r v e s t , the upper 
9 2 s u r f a c e mean was 116.9/mm. and t h a t of the lower was 144.7/mm. 

At the second h a r v e s t t h e r e was a g r e a t e r s p r e a d , from 138.2/mm.' 
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on the upper t o 197.0/mm.^ on the lower s u r f a c e . There was no 

s i g n i f i c a n t s p e c i e s x s u r f a c e x date i n t e r a c t i o n s , i n d i c a t i n g 

t h a t a l l s p e c i e s had a s i m i l a r s u r f a c e x date i n t e r a c t i o n . 

2. S t o m a t a l S i z e s 

The l e n g t h s of stomata v a r i e d c o n s i d e r a b l y between 

s p e c i e s and s a m p l i n g dates but v e r y l i t t l e between s u r f a c e s 

(appendix t a b l e 2 ) . The mean l e n g t h s of stomata from b o t h 

l e a f s u r f a c e s and s a m p l i n g dates were g i v e n p r e v i o u s l y 

( t a b l e 2 ) . 

Ta b l e 4. Length of stomata i n m i c r o n s , on upper and lower 
s u r f a c e at two s a m p l i n g d a t e s , ( i n o r d e r of 
d e c r e a s i n g grand mean). 

June J u l y 
S p e c i e s Upper Lower Upper Lower 

yarrow 39. . 7 45. ,3 31. Ocd 35. 0a 
pineappleweed 32. ,4b 35, , l a 34. l a 36. 5 
s p o t t e d knapweed 27. 9ef 27. , Ofh 31. 6bc 30. 2d 
hemp n e t t l e 30. 3d 30. , 4d 26. l h i j k l 23. , 6m 
d a n d e l i o n 26. , 6 h i 28. , 3e 26. . O h i j k l 25. , 5 i j k l m 
b.1. p l a n t a i n 26. , 8 f h 25. . 2klm 25. 3 i j k l m 25. 3 i j k l m 
w i l d r a d i s h 24. , 91mn 24. , 41mn 26. , l h i j k l 26. 5 h i j 
s t i n k w e e d 26. , 3 h i j k 26. , 4 h i j 25. ,2jklm 23, , 8m 

grand mean 29. .4 30. .3 28. ,2a* 28, ,3a 

*DMRT comparisons between grand means. 

At the June h a r v e s t , the mean l e n g t h of stomata on the 

lower s u r f a c e was g r e a t e r a t 30.3^ than on the upper a t 29.4JH 

( t a b l e 4 ) . E x a m i n a t i o n of s p e c i e s x s u r f a c e i n t e r a c t i o n shows, 

however, t h a t much of t h i s d i f f e r e n c e i s due t o a s i n g l e s p e c i e s , 

namely yarrow. Other s p e c i e s t e n d t o have s l i g h t l y l o n g e r 

stomata on one s u r f a c e or the o t h e r but th e s e d i f f e r e n c e s , 

a l t h o u g h s t a t i s t i c a l l y s i g n i f i c a n t , a r e so s l i g h t as t o be of 

no p r a c t i c a l consequence. . 

Mean l e n g t h a t f i r s t h a r v e s t was 29.8u, compared! t o 28.2u. 
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at the second h a r v e s t . E x a m i n a t i o n of s p e c i e s by date i n t e r a c t i o n 

shows t h a t the d i f f e r e n c e s between dates w i t h i n i n d i v i d u a l 

s p e c i e s were q u i t e l a r g e . Of the 8 s p e c i e s , 4 had l o n g e r stomata 

i n June (mean of b o t h s u r f a c e s ) - , 3 had l o n g e r stomata i n J u l y ; 

and 1 showed no d i f f e r e n c e . 

3. R e l a t i o n s h i p of Number and S i z e of Stomata 

Except f o r 2 s p e c i e s , t h e r e was no c l o s e r e l a t i o n s h i p 

between s t o m a t a l number and s i z e . As shown i n t a b l e 2, yarrow 

and pineappleweed had by f a r the fewest and t h e l a r g e s t stomata. 

The o t h e r s p e c i e s had a wide range of s t o m a t a l d e n s i t i e s but 

v e r y s i m i l a r s i z e s . 

I I S t o m a t a l Number and S i z e of T w e n t y - f i v e S p e c i e s Grown 
under Sunny and Shady C o n d i t i o n s . 

1. S t o m a t a l Numbers 

In t h i s group, t h e g r e a t e s t v a r i a t i o n i n s t o m a t a l d e n s i t y 

was found between s u r f a c e s . There were a l s o s i g n i f i c a n t 

d i f f e r e n c e s between s p e c i e s d a t e s , and l i g h t c o n d i t i o n s 

(appendix t a b l e 3 ) . T a k i n g the mean of b o t h l e a f s u r f a c e s , 

s a m p l i n g d a t e s , and l i g h t c o n d i t i o n s , t h e v a r i o u s s p e c i e s 

e x h i b i t e d a wide range of s t o m a t a l d e n s i t i e s . A p p r o x i m a t e l y 

t h e same number of s p e c i e s had fewer than 75, as had 75-150, o r 

more than 150 stomata per mm. of l e a f s u r f a c e ( t a b l e 5 ) . 
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T a b l e 5. Number of stomata per sq.mm. of l e a f s u r f a c e , 
mean of a l l f a c t o r s . 

Very Dense 
shepherd's purse 268.7 
hedge mustard 241.0 

Dense 
n . l . p l a n t a i n 198,5 
c a t ' s e a r 183.0a 
l e a f y spurge 173.6a 
l a d y ' s thumb 171.lab 
d i f f u s e knapweed 161.2b 
b l u e bur 156.8b 
r e d r o o t pigweed 139.5 

Medium 
p r o s t r a t e knotweed 114.9c 
b a r n y a r d g r a s s 104.2cd 
w h i t e c o c k l e 98.8de 
t o a d f l a x 96.7def 
couchgrass 90.1ef 
l a m b s q u a r t e r s 87.2ef 
Canada t h i s t l e 84.6f 

Sparse 
b r o a d l e a f dock 7 5 . 6 f g 
g r o u n d s e l 67.9gh 
c r e e p i n g b u t t e r c u p 67.2ghi 
w i l d buckwheat 64.3ghi 
chickweed 5 8 . 6 h i j 
mouse-ear chickweed 5 7 . 6 i j 
sheep s o r r e l 4 5 . 6 j k 
w i l d o a t s 44.7k 

Very Sparse 
montia 24.9 
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Table 6. Numbers of stomata per sq.mm. of l e a f s u r f a c e ( i n 
order of d e c r e a s i n g d e n s i t y ) . 

Species 

shpd's purse 
h. mustard 
n.1. p l a n t a i n 
c a t ' s ear 
l e a f y spurge 
lady's thumb 
d i f . knapweed 
blue bur 
pigweed 
knotweed 
bynd. grass 
wh. c o c k l e 
t o a d f l a x 
couch grass 
lambsfluarters 
Can. t h i s t l e 
b.1. dock 
groundsel 
c r . b u t t e r c u p 
w. buckwheat 
chickweed 
mouse-ear 
sheep s o r r e l 
w i l d oats 
montia 

average 

Surface 
(mean of both 
ha r v e s t s and 
l i g h t 
c o n d i t i o n s ) 
Upper 

242.6b* 
185.7d 
189.5cd 
197.7cd 
158.3ef 
101.6ijk 
155.8ef 
147.6fg 
113.7hi 
98.91jk 

105.4ij 
66.lmno 
2.3s 

84.4klm 
68.51mn 
43.9pqr 
25.6r 
43.6pqr 
49.2Pp 
27.4qr 
50.Onop 
44.6pqr 
40.6pqr 
44.7pqr 
4. Is 

91.7 

Lower 

294.9a 
296.4a 
207.5c 
168.4e 
188.9d 
240.6b 
166.7e 
165.9ef 
165.2ef 
130.8gh 
103.1ijk 
131.5gh 
191.Ocd 
9 5 . 8 i j k 

1 0 5 . 9 i j 
125.4h 
125. 7h 
92 . 3 i j k 
8 5 . 3 j k l 

101.2ijk 
67.2lmno 
70.61m 
50.7nop 
44.7pqr 
45.7pq 

138.5 

Harvest 
(mean of both, 
s u r f a c e s and 
l i g h t 
c o n d i t i o n s ) 
June J u l y 

L i g h t 
(mean of both 
s u r f a c e s and 
h a r v e s t s ) 

Shady Suciciy 

9 
5 

281. 5 
218.6 
190.3 
163.3 
177. 0 
138.0 
156, 
122 
136.0 
100.2 
91.3 
96.9 
96. 1 
65.5 
86. 1 

102.2 
75. 5 
82.3 
61, 
64, 
32 
53, 
41.4 
35.4 
27.9 

,2 
.6 

,5 
,2 

5 
0 
3 
5 

256. 0 
263.5 
206.6 
202.8 
170.1 
204 
165. 
191. 0 
143.0 
129 
117 
100. 7 
97.2 

114.7 
88.3 
67. 0 
75.8 
53 .5 
73. 0 
64.7 
84.9 
61. 
49. 
54, 
21, 

,7 
,9 
,0 
9 

272.5 
242.4 
208. 0 
110.1 
171.3 
171.2 
155.3 
167.9 
152.8 
125.6 
111.2 
100.2 
95.1 
72.6 
91.8 
84.5 
76.3 
65.2 
72. 0i 
81.6 
63.5 
55.4 
48.0 
4-7.9 
19.8 

265.0 
239.7 
189.0 
123.0 
175.9 
170.9 
167.2 
145.6 
126.2 
104.7 
97.2 
97.4 
98.2 

107.6 
82.6 
84.8 
75.0 
70.6 
62.5 
47.0 
53.7 
59.8 
43.2 
41.6 
30.1 

107.9 122.3 119.8 110.3 
* Duncan's m u l t i p l e range t e s t c a r r i e d out f o r s u r f a c e , o n l y . 

The mean d e n s i t y was g r e a t e s t on the lower s u r f a c e , at 

the second sampling date, and under shady c o n d i t i o n s ( t a b l e 6). 

There were s i g n i f i c a n t s p e c i e s x date; s p e c i e s x s u r f a c e ; and 

s p e c i e s x s u n l i g h t i n t e r a c t i o n s (appendix t a b l e 3 ). A l t o g e t h e r , 

22 of the 25 s p e c i e s had more stomata per sq.mm. on the lower 

than on the upper s u r f a c e ( f i g u r e t 4); 18 had more under shady 

than under sunny c o n d i t i o n s ; and 20 had a gr e a t e r d e n s i t y at 
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montia 

w i l d o a t s 

sheep s o r r e l 

mouse-ear 

chickweed 

w i l d buckwheat 

c r . b u t t e r c u p 

g r o u n d s e l 

broad l e a f dock 

Canada t h i s t l e 

l a m b s q u a r t e r s 

couch g r a s s 

t o a d f l a x 

w h i t e c o c k l e 

b a r n y a r d g r a s s 

knotweed 

pigweed 

b l u e bur 

dif.knapweed 

l a d y ' s thumb 

l e a f y spurge 

c a t ' s e ar 

n . 1 . p l a n t a i n 

hedge mustard 

shpd's purs el 

upper s u r f a c e 

F i g . 4 Numbers of 
Stomata on Upper 
and Lower Leaf 
Surfaces(mean of 
a l l f a c t o r s ) . 

lower s u r f a c e 

I I I 
200 100 0 100 200 

Number of stomata/mm.^ of l e a f s u r f a c e 
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the second than a t the f i r s t h a r v e s t . Other s i g n i f i c a n t 

i n t e r a c t i o n s showed t h a t not a l l s p e c i e s had the same r e l a t i v e 

s t o m a t a l d e n s i t y on upper and lower s u r f a c e at b o t h dates or 

under b o t h sun or shade; and a l l s p e c i e s d i d not r e a c t t o l i g h t 

c o n d i t i o n s i n the same way at both d a t e s , i . e . 14 of the 25 

s p e c i e s r e a c t e d i n the o p p o s i t e way t o shade i n J u l y as i n June. 

2. S t o m a t a l S i z e s . 

T a b l e 7. Length of Stomata i n m i c r o n s , mean of a l l f a c t o r s . 

Very S h o r t 
Shepherd's purse 22.0 
hedge mustard 23.4 

S h o r t 
l a d y ' s thumb 25.2g 
d i f f u s e knapweed 2 5 . 5 f g 
l e a f y spurge 25.7f 
pigweed 25.9f 
b l u e bur 27.6e 
c a t ' s e a r 27.7de 
t o a d f l a x 2 8 . I d 
n . l . p l a n t a i n 28.6 

Medium 
p r o s t r a t e knotweed 31.0 
b a r n y a r d g r a s s 32.1 
Canada t h i s t l e 33.0c 
b . l . dock 33.3c 
w h i t e c o c k l e 33.8 
l a m b s q u a r t e r s 34.8 

Long 
w i l d buckwheat 39.3 
mouse-ear chickweed 42.5b 
g r o u n d s e l 42.5b 
couch g r a s s 43.4a 
sheep s o r r e l 44.3a 
c r e e p i n g b u t t e r c u p 44.8a 
chickweed 45.1 
Montia 48.9 

Very Long 
w i l d o a t s 59.0 

The l e n g t h s of stomata v a r i e d m a i n l y between s p e c i e s 

and between l i g h t c o n d i t i o n s (appendix t a b l e 4 ) . As shown i n 

t a b l e 7, the mean l e n g t h s of stomata f o r a l l f a c t o r s ranged 

from 2 2 . 0 ^ i n shepherd's purse t o 59.0yUV i n w i l d o a t s . The 
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s p e c i e s a re grouped i n t o g e n e r a l c a t e g o r i e s from v e r y s h o r t t o 

v e r y l o n g . In t a b l e 8, the s p e c i e s means are broken down t o 

show how they were i n f l u e n c e d by s u r f a c e , d a t e , and l i g h t 

c o n d i t i o n s . 

T a b l e 8. Average l e n g t h of stomata i n microns ( l i s t e d i n 
o r d e r of i n c r e a s i n g mean s i z e ) . 

S u r f a c e H a r v e s t L i g h t 
(mean of b o t h (mean of b o t h (mean of both 
h a r v e s t s and s u r f a c e s and s u r f a c e s and 
l i g h t l i g h t h a r v e s t s ) 
c o n d i t i o n s ) c o n d i t i o n s ) 

S p e c i e s Upper Lower June J u l y Sunny Shady 
shpd's purse 21. , 6 22. ,4 21. ,9 22, , 1 22, , 1 22, , 0 
h. mustard 23. 3y 23. 5y 23, , 9 23, , 0 23. , 7 23. , 1 
l a d y ' s thumb 25. . 7uv 24. , 7 26, , 0 24, ,4 24. ,8 25. ,6 
d i f . knapweed 25. ,3v 25. , 7uv 23, , 9 27, , 1 28. ,3 22. ,8 
l e a f y spurge 25. , 6uv 25. , 9uv 26, , 5 25. , 0 26. ,3 25. ,2 
pigweed 25. , 5v 26. 2u 26. 5 25, ,2 25. , 9 25. ,8 
b l u e bur 27. , 8 r s 27. , 3 s t 28, ,8 26. ,3 27. ,2 27. ,9 
c a t ' s e a r 26. , 9t 28. ,6pq 26. ,8 28, ,6 25. , 7 29. ,7 
t o a d f l a x 28. ,6pq 27. , 5 s t 28. ,2 28. , 0 28, 5 27. , 6 
n.1. p l a n t a i n 28. 9p 28. , 2qr 28. ,3 28. ,8 28. , 0 29. , 1 
knotweed 31. . 4mn 30. 5o 32. ,2 29. , 7 33. , 5 28. ,4 
bynd. g r a s s 31. , 7m 32. 51 32. , 9 31. ,2 31. ,8 32. 3 
Can. t h i s t l e 35. , l i 30. 9no 29. , 0 37. , 0 33. 0 33. 0 
b.1. dock 34, ,3k 32. 31 32. ,2 34, ,4 34. ,4 32. , 1 
w h i t e c o c k l e 33. ,2 34. 5 j k 32. ,4 35. ,2 35. 9 31. , 7 
l a m b s q u a r t e r s 34. • 9 i j 34. 6 i j k 34. , 7 34. ,8 36. 0 33. 5 
w. buckwheat 39, ,8h 38. 9 37. ,7 40. ,9 37. 9 40. ,8 
mouse-ear 41. ,6 43. 3 f g 41. 5 43. ,4 43, , 1 41. 9 
g r o u n d s e l 45. 5bc 39. 5h 37. ,6 47. ,4 44. 4 40. 6 
couch g r a s s 43. 9de 42. 8g 44. 5 42. ,2 44, 5 42. 3 
sheep s o r r e l 45. 0c 43. 7def 46. 2 42. 5 43. 7 45. 0 
c r . b u t t e r c u p 43. 5ef g 46. Ob 45. 4 44. 2 42. 7 46. 8 
chickweed 44. 2d 46. Ob 49. 8 40. 3 44. 4 45. 8 
Montia 45. 9b 51. 9 46. 8 51. 0 51. 1 46. 6 
w i l d o a t s 50. 9a 59. 0a 64. 1 54. 0 59. 9 58. 2 

average 34. 7 34. 7 34. 7 34. 7 35. 1 34. 3 

* Duncan's m u l t i p l e range t e s t c a r r i e d out f o r s u r f a c e o n l y . 

There was no mean d i f f e r e n c e i n l e n g t h between upper and 

lower s u r f a c e ; however, t h e r e were d i f f e r e n c e s w i t h i n i n d i v i d u a l 

s p e c i e s ( t a b l e 8 ) . S i m i l a r l y , s a m p l i n g date means were not 
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s i g n i f i c a n t l y d i f f e r e n t but t h e r e was a s i g n i f i c a n t s p e c i e s by 

date i n t e r a c t i o n (appendix t a b l e 4 ) . The mean l e n g t h s f o r each 

s u r f a c e and s a m p l i n g date were the same at 34.7JA. . The mean 

l e n g t h of stomata under f u l l sun was 35.1^, which was 

s i g n i f i c a n t l y g r e a t e r than 34.3^, the mean f o r shade. A g a i n , 

not a l l s p e c i e s r e a c t e d i n the same way t o s u n l i g h t . 

There was an i n t e r a c t i o n of l i g h t c o n d i t i o n s w i t h 

s a m p l i n g d a t e , the d i f f e r e n c e s between sun and shade b e i n g 

g r e a t e r i n June than i n J u l y . There was a l s o a s u r f a c e x l i g h t 

i n t e r a c t i o n . Under f u l l s u n l i g h t , the upper s u r f a c e had 

s l i g h t l y l a r g e r stomata t h a n the lower, w h i l e under shade, the 

r e v e r s e was t r u e . A l l of the t h r e e f a c t o r i n t e r a c t i o n s and the 

f o u r f a c t o r date x s p e c i e s x l i g h t x s u r f a c e i n t e r a c t i o n s were 

s i g n i f i c a n t . The s m a l l magnitude of the d i f f e r e n c e s i n v o l v e d , 

however, does not wa r r a n t emphasis of the s e i n t e r a c t i o n s . 

1. R e l a t i o n s h i p of Number and S i z e of Stomata. 

By comparing t a b l e s 5 and 7, i t can be seen t h a t t h e r e 

was an apparent i n v e r s e r e l a t i o n s h i p between s t o m a t a l number and 

l e n g t h . W i t h minor d e v i a t i o n s , the more stomata p r e s e n t per 

sq.mm., the s m a l l e r t h e i r s i z e and v i c e - v e r s a . In o r d e r t o 

o b t a i n a v a l i d s t a tement r e g a r d i n g the apparent r e l a t i o n s h i p 

between number (x) and s i z e ( y ) , the 200 p a i r s of date x 

s u r f a c e x l i g h t x s p e c i e s i n t e r a c t i o n means were used t o 

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

n e g a t i v e v a l u e of r=-.71 was o b t a i n e d . T h i s i n d i c a t e s s t r o n g 

n e g a t i v e c o r r e l a t i o n of stomate number and l e n g t h , t a k i n g a l l 

25 s p e c i e s t o g e t h e r . The c o e f f i c i e n t of d e t e r m i n a t i o n or r 2 
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s u g g e s t s t h a t 50*3% of the v a r i a t i o n i n l e n g t h of stomata can 

be a t t r i b u t e d t o the l i n e a r r e l a t i o n s h i p between l e n g t h and 

number. 

By m u l t i p l y i n g the mean s t o m a t a l l e n g t h f o r each s p e c i e s 

( t a b l e 7) w i t h the c o r r e s p o n d i n g d e n s i t y ( t a b l e 5 ) , a f i g u r e i s 

o b t a i n e d which i s c l o s e l y r e l a t e d t o the t o t a l a r ea of the 

e p i d e r m i s which i s composed of guard c e l l s . W h i l e i t i s not a 

measure of a r e a , the f a c t t h a t s t o m a t a l w i d t h v a r i e s much l e s s 

than l e n g t h makes i t v a l i d f o r purposes of c o m p a r i s o n , 

C a l c u l a t i o n of t h i s f i g u r e showed a range from 7220 ( t o t a l 

l e n g t h of guard c e l l s /mm. ) i n shepherd's purse t o 1217 i n 

montia. In g e n e r a l , t h o s e s p e c i e s w i t h the g r e a t e s t d e n s i t y 

of stomata had the l a r g e s t v a l u e f o r t h i s a r e a i n d e x and 

those w i t h the l o w e s t d e n s i t y had the s m a l l e s t . 

4. R e l a t i o n s h i p of S t o m a t a l C h a r a c t e r s w i t h Taxonomic 
groups. 

E x a m i n a t i o n of the data f o r a l l 33 s p e c i e s (sun o n l y 

and sun p l u s s h a d e ) , shows some p o s s i b l e t r e n d s i n r e g a r d t o 

p l a n t f a m i l i e s . As the number of s p e c i e s examined i n each 

f a m i l y was r e l a t i v e l y s m a l l , however, the d i f f e r e n c e s cannot 

be c o n s i d e r e d s i g n i f i c a n t . In t h i s r e g a r d , no s t a t i s t i c a l 

a n a l y s i s was c a r r i e d out. 

Of the 5 f a m i l i e s r e p r e s e n t e d by 3 or more s p e c i e s , the 

C r u c i f e r a e was c h a r a c t e r i z e d by c o n s i s t e n t l y l a r g e numbers of 

s m a l l stomata. Members of the C a r y o p h y l l a c e a e and Gramineae 

had u n i f o r m l y s m a l l numbers of l a r g e stomata. R e p r e s e n t a t i v e s 

of the Compositae and Polygonaceae had a wide range of d e n s i t i e s 

and c o r r e s p o n d i n g s i z e s . The r a t i o of s t o m a t a l numbers on upper 
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Tabl e 9. R e l a t i o n s h i p of s t o m a t a l d e n s i t y and s i z e w i t h 
p l a n t f a m i l i e s ( d e n s i t i e s and l e n g t h s a re means 
of two s a m p l i n g dates under sun o n l y ) . 

Number/mm.^ Length(mean of 
F a m i l y S p e c i e s Upper Lower b o t h s u r f a c e s , ) 

C a r y o p h y l l a c e a e 

Compositae 

C r u c i f e r a e 

Gramineae 

Polygonace 

w h i t e c o c k l e 65. 5 135. 0 35. 9 
mouse-ear 45. 6 65. 2 43. 1 
chickweed 51. 6 75. 4 44. 4 

mean 54. 2 91. 9 41. 4 
t 

yarrow 108. 6 59. 0 37. 7 
d i f f u s e knapweed 143. 3 167. 2 28. 3 
s p o t t e d knapweed 143. 3 140. 3 29. 2 
Canada t h i s t l e 45. 9 123. 0 33. 0 
c a t ' s e a r 135. 7 132. 5 25. 7 
pineappleweed 119. 6 57. 3 34. 5 
g r o u n d s e l 40. 9 89. 4 44. 4 
d a n d e l i o n 148. 3 284. 9 26. 6 

mean 107. 0 110. 2 32. 4 

shepherd's purse 229. 8 315. 2 22. 1 
hedge mustard 176. 6 308. 3 23. 7 
s t inkweed 111. 0 178 0 25. 4 

mean 172. 5 267. 2 23. 7 

couch g r a s s 71. 8 74. , 5 44. , 5 
w i l d o a t s 46. , 6 49, .2 59. . 9 
b a r n y a r d g r a s s 110. . 7 111. . 7 31. ,8 

mean 76. 4 78. , 5 45. 4 

:ae 
w i l d buckwheat 41. 9 121 .4 37 9 
l a d y ' s thumb 110. . 7 231 . 7 24, . 8 
sheep s o r r e l 39. 6 56 . 5 43, . 7 
knotweed 107. .4 142 . 6 33. . 5 
bro a d l e a f dock 29. , 6 123 . 0 34. _4 

mean 65. 8 135, . 0 30 . 9 
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and lower s u r f a c e was h i g h l y v a r i a b l e i n Compositae. A l l 

members of Polygonaceae and G r u c i f e r a e had by f a r the most 

stomata on the lower s u r f a c e . The o t h e r t h r e e f a m i l i e s , 

e s p e c i a l l y Gramineae, showed s m a l l e r d i f f e r e n c e s between 

s u r f a c e s . 

I l l I l l u s t r a t i o n s of Weed Leaf Anatomy. 

The f o l l o w i n g pages c o n t a i n p l a t e s I-IX. P l a t e s I-VI 

c o n t a i n drawings showing the upper ( l e f t ) and lower ( r i g h t ) 

l e a f s u r f a c e s of the v a r i o u s weed s p e c i e s , a l l a p p r o x i m a t e l y 

x 115. The f i e l d s were chosen from i n t e r c o s t a l areas and do 

not n e c e s s a r i l y show the average number and s i z e of stomata f o r 

each s p e c i e s . P l a t e s V I I - IX c o n s i s t of photomicrographs 

i l l u s t r a t i n g b o t h s u r f a c e and i n t e r n a l f e a t u r e s of l e a f 

anatomy. 
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PLATE I. E p i d e r m a l F e a t u r e s of Amaranthaceae ( 1 ) , B o r a g i n a c e a e 
( 2 ) , C a r y o p h y l l a c e a e ( 3 - 5 ) , and Che n o p o d i a c e a e ( 6 ) : Note wavy 
a n t i c l i n a l w a l l s (1 and 2) compared t o f a i r l y r e g u l a r 
e p i d e r m a l c e l l s ( 6 ) . S l e n d e r , u n i c e l l u l a r ( 2 ) ; and m u l t i 
c e l l u l a r t r i c h o m e s (4 and 5 ) , are p r e s e n t on b o t h s u r f a c e s . 
B l a c k a r e a s of lower s u r f a c e (2 and 4) show t r i c h o m e s 
embedded i n the e p i d e r m i s and d o t t e d c i r c l e s r e p r e s e n t h a i r s 
r a i s e d above s p e c i a l c e l l s ( 5 ) . The guard c e l l s a r e s l i g h t l y 
r a i s e d i n . a l l c s p e c i e s e x cept 6, i n which t h e y are f l u s h . 
The l a r g e s t r u c t u r e on t h e upper s u r f a c e of C e r a s t i u m ( 4 ) i s 
the base of a t r i c h o m e broken o f f d u r i n g s l i d e p r e p a r a t i o n . 
In Chenopodium(6), the s u r f a c e f e a t u r e of major importance 
t o s p r a y r e t e n t i o n and p e n e t r a t i o n i s p r o b a b l y the t h i c k 
c o a t i n g of s u r f a c e wax or bloom (not shown). 
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PLATE I I . Epidermal Features o f Compositae : Note the great 
d i v e r s i t y w i t h in; the f a m i l y and even w i t h i n the genus Centaurea. 
Compare p o i n t e d , gland-tipped, and broken trichomes(6*) with, 
massive m u l t i c e l l u l a r hair\12). Epidermal c e l l s near base o f 
trichome w i t h t h i c k walls(9) and sto m a t a - l i k e glands(XQ), 
c o n t r a s t w i t h extreme simplicity ( 1 1). The o r i e n t a t i o n o f 
guard c e l l s and other epidermal c e l l s i n Achillea { 7) tends 
to be p a r a l l e l w i t h the long a x i s o f the l e a f l e t . 



PLATE I I I . Members of Compositae(13-16) and C r u c i f e r a e 
(17 and 1 8 ) : Guard c e l l s a r r a n g e d p a r a l l e l t o l o n g a x i s of 
l e a v e s ( 1 3 ) . C o n t r a s t i n c e l l s i z e (14and 16), i s a n o t a b l e 
f e a t u r e of Compositae. The C r u c i f e r s t e n d t o have a n i s o c y t i c 
arrangement i n which t h r e e s u b s i d i a r y c e l l s , one much s m a l l e r 
than the o t h e r two, s u r r o u n d the stomata. The l a r g e t r i c h o m e s 
i n Raphanus(17) have g r e a t l y t h i c k e n e d w a l l s and s h a r p -
p o i n t e d t i p s . 
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PLATE IV. Epidermal Features of Cruciferae ( 1 9 - 2 0 ) , Euphorbiaceae 
(21), and Gramineae(22-24) : S t e l l a t e t r i c o m e s u 9 ) and a n i s o c y t i c 
arrangement of s u b s i d i a r y c e l l s ( 1 9 and 20) found i n C r u c i f e r a e . 
Note sunken stomata i n Euphorbia (21). The three grasses, show 
t y p i c a l monocot dumb-bell shaped guard c e l l s w i t h adjacent 
s u b s i d i a r y c e l l s . Short cells=(22) and b r i s t l e s over veins (23) 
are common i n grasses. I n each of these grasses, the stomata 
occur i a rows i n depressions between v e i n s . A spray d r o p l e t 
l a n d i n g on such a l e a f would tend to be suspended on the 
epidermis over the veins and would be unable t o contact the 
stomata. The- p a i r i n g o f stomata. i n Thlaspi ( 2 Q ) i s cha r a c t e r 
i s t i c o f immature l e a v e s i n which c e l l d i v i s i o n i s not complete. 
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PLATE V. Epidermal Features o f Labiatae (25), Plantaginaceae 
(26*27), Ranunculaceae(2S), and Scrophulariaceae (29) : 
Upper surfaces a p p a r e n t l y - f r e e o f stomata i n 25 and 29 but 
examination of s e v e r a l f i e l d s r e v e a l s t h e i r presence. 
W i t h i n the genus Plantago. P.lanceolata (26) tends to have 
d l a c y t i c and P.major(27). a n i s o c y t i c arrangement o f 
s u b s i d i a r y c e l l s . Note the s m a l l s t a l k e d glands on upper 
surface o f P.major. I n P.lanceolatai, the stomata are 
o r i e n t e d p a r a l l e l w i t h the long a x i s o f the l e a f . 
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PLATE V I . E p i d e r m a l F e a t u r e s of Polygonaceae(30-34) and 
P o r t u l a c a c e a e ( 3 5 ) : Leaves of Polygonaceae t e n d t o be 
g l a b r o u s but bases of s m a l l h a i r s can be seen (lower s u r f a c e 
of 3 1 ) . Glands are common i n t h i s f a m i l y ( 3 1 , 3 2 , 3 4 ) , as are 
c r y s t a l s ( p l a t e l X ) . M o n t i a ( 3 5 ) has wavy, e l o n g a t e d e p i d e r m a l 
c e l l s w i t h v e r y few stomata on the upper s u r f a c e . The 
arrangement of s u b s i d i a r y c e l l s i n Montia i s a v a r i a t i o n of 
p a r a c y t i c . 



PLATE V I I . S t o m a t a l C h a r a c t e r i s t i c s : 36 and 37. Upper and 
lower s u r f a c e s , r e s p e c t i v e l y , of yarrow ( x 5 6 ) , d e m o n s t r a t i n g 
t h e d i r e c t comparison of s u r f a c e s made p o s s i b l e by u s i n g 
c l e a r e d and s t a i n e d l e a v e s . 38.Lower e p i d e r m i s of g r o u n d s e l 
( x 5 6 ) , showing absence of stomata over main v e i n . 39.Leaf 
margin of s p o t t e d knapweed ( x l 5 0 ) showing stubby , 
m u l t i c e l l u l a r h a i r and t h r e e g l a n d s . 40.Lower e p i d e r m i s of 
c h i c k w e e d w i t h abnormal, a d h e r i n g stomata (x220). 
41.Comparison of s i z e of s t o m a t a l pores w i t h c a v i t y l e f t by 
a t r i c h o m e i n w h i t e c o c k l e l e a f (x360). 



PLATE V I I I . Types of Trichomes: 42.Dense t r i c h o m e s on young 
l ^ a f of mouse-ear chickweed (x56). 43.Leaf margin of 
d i f f u s e knapweed showing s t u b b y , m u l t i c e l l u l a r t r i c h o m e s 
( x l 5 0 ) . 4 4 . S l e n d e r , u n i c e l l u l a r h a i r s of b u t t e r c u p ( x 5 6 ) . 
45.Leaf h a i r s of hemp n e t t l e ( x56). 46.Margin of w h i t e 
c o c k l e l e a f ( x 5 6 ) . 4 7 . S t e l l a t e pubescence of shepherd's 
purse ( x 5 6 ) . The margin of shepherd's purse l e a v e s have 
p r e d o m i n a n t l y s i m p l e , u n i c e l l u l a r t r i c h o m e s w i t h a few 
s t e l l a t e t r i c h o m e s i n t e r m i x e d . In most o t h e r s p e c i e s the 
m a r g i n a l h a i r s d i f f e r from those of the l e a f s u r f a c e o n l y 
i n b e i n g c l o s e r t o g e t h e r . 



- 51 -

PLATE IX. Miscellaneous Anatomical Feature: 48.Crystals in 
leaf of prostrate knotweed (xl50), typical of Polygonaceae. 
49.Crystals and bundle sheath parenchyma in redroot pigweed 
(xl50). 50.Laticifers in leaf of knotweed with crystals in 
background (x70). 51.Scabrous margin of wild oat leaf (xl50) 
52.Venation in couch grass without blind vein endings, common 
to a l l monocots (x56). 53.Blind vein endings common to a l l 
dicots in white cockle (x56). In the living condition, the 
secondary walls of the free veins in the center would soon 
join up with the main vascular system. 
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IV H e r b i c i d e S u s c e p t i b i l i t y E xperiment. 

In t h i s e x p e r i m e n t , i t was e x p e c t e d t h a t the r e d u c t i o n 

i n w e i g h t of the hemp n e t t l e , l a m b s q u a r t e r s , and w h i t e c o c k l e 

would g i v e an i n d i c a t i o n of the r e l a t i v e damage caused by the 

p i c l o r a m t r e a t m e n t s . Both f r e s h and dry w e i g h t s were t a k e n . 

T a b l e 10. Number and s i z e of stomata of greenhouse grown 
p l a n t s (mean of 10 l e a v e s ) . 

S p e c i e s Number/mm^ S i z e 
Upper Lower Upper Lower 

hemp n e t t l e 79.8 266.0 27.5 25.0 
l a m b s q u a r t e r s 93.1 159.6 35.0 31.9 
w h i t e c o c k l e 66.5 159.2 37.5 34.0 

Tab l e 10 shows the s t o m a t a l d e n s i t i e s and l e n g t h s of the 

3 s p e c i e s j u s t p r i o r t o s p r a y i n g . Measurements were made by 

d i r e c t m i c r o s c o p i c o b s e r v a t i o n of f r e s h l e a v e s or e p i d e r m a l 

s t r i p s from 10 p l a n t s of each s p e c i e s . The f i g u r e s agree w i t h 

t h o s e o b t a i n e d from the f i e l d e x c ept t h a t the greenhouse grown 

p l a n t s had s l i g h t l y more stomata/mm. 2 

The r e s u l t s of the a n a l y s e s of v a r i a n c e of f r e s h w e i g ht 

data (appendix t a b l e 5) and dry weight d a t a (appendix t a b l e 6) 

were s l i g h t l y d i f f e r e n t . In both cases,, the l a r g e s t d i f f e r e n c e s 

i n w e i g h t s were due t o the i n h e r e n t d i f f e r e n c e s between s p e c i e s . 

1. F r e s h Weights 

The f r e s h weight a n a l y s i s f a i l e d t o show d i f f e r e n c e s 

i n w eight due t o r e l a t i v e s t o m a t a l opening or t o s u r f a c e of 

a p p l i c a t i o n . There were d i f f e r e n c e s due t o t r e a t m e n t s ( r a t e s 

of p i c l o r a m ) . The f r e s h w e i g h t s i n grams, mean of a l l s p e c i e s , 

s t o m a t a l c o n d i t i o n s , and s u r f a c e s of a p p l i c a t i o n were: 

_0 1 10 100 1000 ppm.picloram 
87.0 94.7a 93.6a 83.1 73.2 
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A l l s p e c i e s d i d not show the same response t o the d i f f e r e n t 

l e v e l s of p i c l o r a m . 

T a b l e 11. F r e s h w e i g h t s of 3 s p e c i e s two weeks a f t e r 
a p p l i c a t i o n of p i c l o r a m s p r a y s ( i n grams). 

r a t e of 
p i c l o r a m 0 1 
hemp n e t t l e 72.9ab 87.2de 
l a m b s q u a r t e r s 81.9bcd 89.Ode 
w h i t e c o c k l e 106.3f 107.8f 

10 100 lOOOppm. 

75.4abc 73.Oab 64.5a 
94.5e 85.5cde 80.7bcd 

110.9f 90.8de 74.4abc 

Hemp n e t t l e and l a m b s q u a r t e r s showed s i g n i f i c a n t 

i n c r e a s e s of weight above the c o n t r o l but w h i t e c o c k l e d i d 

not ( t a b l e 11). The w e i g h t s were h i g h e s t a t t h e lppm. 

t r e a t m e n t i n hemp n e t t l e and at lOppm. i n l a m b s q u a r t e r s . With 

w h i t e c o c k l e , w e i g h t s were r e d u c e d below the c o n t r o l at b o t h 

100 and 1000 ppm. but i n the o t h e r s p e c i e s t h e r e were no 

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

of t r e a t m e n t . 

T a b l e 12. E f f e c t of r e l a t i v e degree of s t o m a t a l opening a t 
time of p i c l o r a m a p p l i c a t i o n s on f r e s h weight of 
weeds (mean of a l l s p e c i e s and s u r f a c e s , i n grams). 

r a t e of 
p i c l o r a m 0 1 10 100 1000 ppm. 

open 90„0bcd 94.8d 96.Od 79.4a 65.8 
c l o s e d 84.0abc 94.5d 91.2cd 86.8abcd 80.7an 

There was s i g n i f i c a n t i n t e r a c t i o n between t r e a t m e n t 

and r e l a t i v e s t o m a t a l opening. At the h i g h e s t r a t e of p i c l o r a m , 

f r e s h w e i g h t s were reduced more i n p l a n t s w i t h r e l a t i v e l y open 

stomata than i n those w i t h t h e i r stomata r e l a t i v e l y c l o s e d 

( t a b l e 12). E x a m i n a t i o n of s p e c i e s x stomata x t r e a t m e n t 

i n t e r a c t i o n showed t h a t hemp n e t t l e and l a m b s q u a r t e r s agreed 

w i t h the average e f f e c t but w h i t e c o c k l e showed j u s t as much 

weight r e d u c t i o n f o l l o w i n g a p p l i c a t i o n t o c l o s e d stomata. 
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2. Dry Weights 

There were d i f f e r e n c e s i n dry w e i g h t s depending upon 

the s u r f a c e of a p p l i c a t i o n . The mean w e i g h t s f o r a l l s p e c i e s 

and r a t e s of p i c l o r a m were 1241 mg. f o r upper s u r f a c e and 

1149 mg. f o r lower s u r f a c e a p p l i c a t i o n . There was no s i g n i f i c a n t 

s p e c i e s x s u r f a c e i n t e r a c t i o n . No d i f f e r e n c e s due t o r e l a t i v e 

s t o m a t a l opening were d e t e c t e d . D i f f e r e n c e s due t o r a t e of 

p i c l o r a m were s m a l l e r t h a n th o s e found i n t h e f r e s h w e i ght 

d a t a . They were as f o l l o w s : 
0_ 1_ 10 100 1000 ppm. 

1217a 1305a 1263a 1163ab 1026b 

As w i t h f r e s h w e i g h t s , a l l s p e c i e s d i d not show the 

same response t o the d i f f e r e n t l e v e l s of p i c l o r a m but i n t h i s 

i n s t a n c e , the i n t e r a c t i o n was not s i g n i f i c a n t . 
T a b le 13. Dry w e i g h t s of 3 s p e c i e s two weeks a f t e r a p p l i c a t i o n 

of p i c l o r a m s p r a y s ( i n m i l l i g r a m s ) . 

r a t e of 
p i c l o r a m 0 1 10 100 1000 ppm. 

hemp n e t t l e 794a 961ab 770a 761a 675a 
l a m b s q u a r t e r s l l 3 1 c d 1358cde 1461de 1359cde 1276c 
w h i t e c o c k l e 1546de 1596e 1559de 1371cde 1128bc 

The dry weight means f o r the v a r i o u s t r e a t m e n t s 

( t a b l e 13) agree c l o s e l y w i t h the f r e s h weight means ( t a b l e 11). 

The % dry w e i g h t s o b t a i n e d from the s p e c i e s means of a l l 

t r e a t m e n t s were : hemp n e t t l e - 10.6% 
l a m b s q u a r t e r s - 15.7% 
w h i t e c o c k l e - 14.7% 

There were no c o n s i s t e n t d i f f e r e n c e s i n % d r y wt. w i t h i n s p e c i e s 

due t o r a t e s of p i c l o r a m . There were no s i g n i f i c a n t two f a c t o r 

i n t e r a c t i o n s a s s o c i a t e d w i t h d r y w e i g h t s . There were s i g n i f i c a n t 

i n t e r a c t i o n s of s p e c i e s x s t o m a t a l o p ening x t r e a t m e n t and 

s t o m a t a l opening x s u r f a c e x t r e a t m e n t . 
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DISCUSSION 

T h i r t y - t h r e e weed s p e c i e s grown i n f u l l s u n l i g h t were 

examined and i t was found t h a t t h e y v a r i e d w i d e l y i n d e n s i t y 

/number/mm.^), l e n g t h , and d i s t r i b u t i o n of stomata. T h i s i s 

i n agreement w i t h p r e v i o u s s u r v e y s (16,46,54,65). V a r i a t i o n 

between l e a v e s w i t h i n a p l a n t and between p l a n t s w i t h i n a 

s p e c i e s was kept low by s a m p l i n g s i m i l a r s i z e d l e a v e s and 

making co u n t s from c o r r e s p o n d i n g a r e a s of the l a m i n a . The 

c l o s e n e g a t i v e c o r r e l a t i o n of s t o m a t a l number and s i z e which 

was o b s e r v e d was not a p e c u l i a r i t y of stomata but a p p l i e s t o 

a l l e p i d e r m a l c e l l s as shown i n the drawings. 

Of the 25̂  s p e c i e s which were grown under b o t h f u l l 

sun and 50% shade, some v a r i e d g r e a t l y i n t h e d e n s i t y of stomata 

under the d i f f e r e n t e n v i r o n m e n t s . T h i s , p l u s the v a r i a t i o n 

between s a m p l i n g dates w i t h i n s p e c i e s , i n d i c a t e s t h a t data on 

s t o m a t a l d e n s i t i e s o b t a i n e d under one s e t of c o n d i t i o n s can be 

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

The l a r g e r number and s m a l l e r s i z e of stomata d e v e l o p e d 

unde;r p a r t i a l shade was o p p o s i t e t o t h e e x p e c t e d e f f e c t . I t has 

g e n e r a l l y been a c c e p t e d t h a t growing p l a n t s i n shade r e s u l t s i n 

l a r g e r t h a n normal l e a f areas and e p i d e r m a l c e l l s ( 2 8 ) . T h i s i s 

due t o r e d u c t i o n i n the i n h i b i t i o n of c e l l enlargement caused 

by e x c e s s l i g h t i n t e n s i t i e s . I t i s a l s o known, however, t h a t 

c e l l d i v i s i o n may be i n h i b i t e d by b r i g h t s u n l i g h t and t h a t t h i s 

i n h i b i t i o n may o ccur at lower s o l a r r a d i a t i o n t h a n t h a t which 

r e s u l t s i n the i n h i b i t i o n of c e l l enlargement (46). Thus the 

shade e f f e c t of i n c r e a s i n g s t o m a t a l numbers can be e x p l a i n e d 
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on the b a s i s of a r e d u c t i o n i n the i n h i b i t i o n of c e l l d i v i s i o n 

caused by s u n l i g h t . I t s h o u l d be s t r e s s e d , however, t h a t due 

t o the n u r s e r y p l o t d e s i g n ( f i g u r e 1 ) , i t i s not c e r t a i n t h a t 

t h e d i f f e r e n c e s between sun and shade grown p l a n t s were due t o 

d i f f e r e n c e s i n s u n l i g h t . Because of the l a c k of r a n d o m i z a t i o n 

of the sun and shade p l o t s we cannot e n t i r e l y r u l e out the 

p o s s i b i l i t y t h a t some o t h e r e n v i r o n m e n t a l f a c t o r , such as s o i l 

d i f f e r e n c e s , caused the v a r i a t i o n i n s t o m a t a l d e n s i t y . 

The average i n c r e a s e i n s t o m a t a l d e n s i t y from June t o 

J u l y f u r t h e r i l l u s t r a t e s t he d i f f e r e n t r e s u l t s which may be 

o b t a i n e d from s a m p l i n g under s l i g h t l y d i f f e r e n t c o n d i t i o n s . 

The d i f f e r e n c e s cannot be e x p l a i n e d on the b a s i s of weather 

a l o n e , because the two months were v e r y s i m i l a r i n t h a t 

r e g a r d ( t a b l e 14). 

Ta b l e 14. Weather data f o r June and J u l y , 1965 (U.B.C.) 

June J u l y 
mean temp. (°F) 57.8 63.3 
s u n s h i n e (hours) 315.5 296.9 
p r e c i p i t a t i o n ( i n c h e s ) 0.67 0.28 
i r r i g a t i o n ( i n c h e s ) ca 1.5 ca 1.5 

Bot h months were u n u s u a l l y d r y and sunny. The 

d e n s i t i e s of stomata were g r e a t e s t i n J u l y when the t o t a l hours 

of s u n s h i n e were l o w e s t . T h i s was the same response t o re d u c e d 

s u n l i g h t as was shown by the shade grown p l a n t s . Because of 

the s m a l l d i f f e r e n c e s i n hours of s u n s h i n e , however, i t would 

be presumptuous t o a t t r i b u t e t h e d i f f e r e n c e s i n s t o m a t a l 

d e n s i t y t o t h i s f a c t o r . I t i s more l i k e l y t h a t the mean 

tempe r a t u r e d i f f e r e n c e of 5.5°F had an e f f e c t . I t s h o u l d a l s o 

be remembered t h a t o t h e r f a c t o r s s uch as s o i l m o i s t u r e c o n t e n t 
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and d i f f e r e n c e s i n s a m p l i n g procedure between the two dates 

c o u l d have c o n t r i b u t e d t o the r e s u l t s . Perhaps s m a l l e r l e a v e s 

were u n i n t e n t i o n a l l y h a r v e s t e d i n J u l y than i n June. Such 

l e a v e s would p r o b a b l y have r e l a t i v e l y c o n c e n t r a t e d s m a l l c e l l s 

as t o t a l l e a f a rea and s t o m a t a l d e n s i t y have been shown t o be 

n e g a t i v e l y c o r r e l a t e d w i t h i n some s p e c i e s (28). Measurement 

of l e a f a r e a s would have p e r m i t t e d e v a l u a t i o n of t h i s 

p o s s i b i l i t y . 

The f i n d i n g t h a t most s p e c i e s had more stomata on the 

lower than on the upper s u r f a c e agrees w i t h o t h e r s u r v e y s 

(16,46,65). The 3 s p e c i e s which had s i g n i f i c a n t l y more stomata 

on the upper than on the lower s u r f a c e were a l l members of the 

Compositae. Two of t h e s e , yarrow and pineappleweed have v e r y 

f i n e l y d i v i d e d l e a v e s i n which the l o b e s may be so o r i e n t e d 

t h a t the lower s u r f a c e i s t u r n e d uppermost. The d i f f e r e n c e s 

found i n s t o m a t a l s i z e s have been r e p o r t e d b e f o r e but not f o r 

t h e s e s p e c i e s (65). 

In d i s c u s s i n g the p o s s i b l e i m p l i c a t i o n s the data may 

have f o r h e r b i c i d e p e n e t r a t i o n , i t must be remembered t h a t most 

h e r b i c i d e s are a p p l i e d at low p r e s s u r e and thus the b u l k of the 

s p r a y d e p o s i t o c c u r s on the upper s u r f a c e of the l e a f . One must 

a l s o c o n s i d e r whether s t o m a t a l d e n s i t y or s i z e i s the more 

i m p o r t a n t f a c t o r . Except f o r the r a r e i n s t a n c e s i n which s p r a y 

d r o p l e t s may d i r e c t l y e n t e r l a r g e , open stomata ( 8 ) , d e n s i t y i s 

p r o b a b l y more i m p o r t a n t . I f stomata do have a s p e c i a l r o l e i n 

p e n e t r a t i o n , then the more stomata per u n i t a r e a , t h e f a s t e r w i l l 

be p e n e t r a t i o n , r e g a r d l e s s of whether i t o c c u r s v i a the open pore 
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Ta b l e 15. R e l a t i o n s h i p of s t o m a t a l d e n s i t y on the upper 
l e a f s u r f a c e and s u s c e p t i b i l i t y t o 2,4-D. 

Number of S u s c e p t i b i l i t y 
S p e c i e s Stomata/mm. 2 t o 2,4-D (72,76). 

shepherd's purse 229. 8 2* 
w i l d r a d i s h 213 . 3 2 
n . l . p l a n t a i n 194. 8 1 
hedge mustard 176. 6 1 
b.1. p l a n t a i n 171. 6 2 
b l u e bur 163. 3 2 
l e a f y spurge 159. 9 4 
d a n d e l i o n 148. 3 3 
s p o t t e d knapweed 143. 3 4 
d i f f u s e knapweed 143. 3 4 
c a t ' s e ar 135. 7 2 
r e d r o o t pigweed 131. 0 3 
pineappleweed 119. 6 3 
s t i n k w e e d 111. 0 1 
l a d y ' s thumb 110. 7 3 
yarrow 108. 6 4 
p r o s t r a t e knotweed 107. 4 4 
l a m b s q u a r t e r s 79. 8 1 
w h i t e c o c k l e 65. 5 4 
c r e e p i n g b u t t e r c u p 58. 9 4 
chic k w e e d 51. 6 3 
Canada t h i s t l e 45. 9 3 
mouse-ear 45. 6 3 
w i l d buckwheat 41. 9 3 
g r o u n d s e l 40. 9 3 
sheep s o r r e l 39. 6 3 
hemp n e t t l e 32. 3 4 
br o a d l e a f dock 29. 6 2 
t o a d f l a x 2. 3 4 

* 1 .=• s u s c e p t i b l e 
2 .= m o d e r a t e l y s u s c e p t i b l e 
3 .= m o d e r a t e l y r e s i s t a n t 
4 .= r e s i s t a n t 
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or t h r o u g h ectodesmata i n the guard c e l l w a l l s ( 5 6 ) . W i t h 

t h i s i n mind, the s p e c i e s were r a n k e d i n o r d e r of d e c r e a s i n g 

number of stomata/mm. 2 on the upper s u r f a c e and r a t e d a c c o r d i n g 

t o 2,4-D s u s c e p t i b i l i t y (72,76). 

In c o n s t r u c t i n g t a b l e 15, the data used were the means of 

b o t h h a r v e s t s f o r the 8 s p e c i e s grown i n sun o n l y and the means 

of b o t h h a r v e s t s i n f u l l sun from the s p e c i e s x s u r f a c e x 

l i g h t c o n d i t i o n s i n t e r a c t i o n t a b l e (appendix t a b l e 7) f o r the 

o t h e r s p e c i e s . As a r e s u l t a l l means are e q u i v a l e n t i n r e g a r d t o 

s a m p l i n g procedure. The 3 g r a s s e s were not i n c l u d e d because of 

t h e i r well-known p h y s i o l o g i c a l r e s i s t a n c e t o damage by 2,4-D. 

I f stomata are an i m p o r t a n t s i t e of h e r b i c i d e e n t r y , 

then i t c o u l d be e x p e c t e d t h a t t h e range found i n t a b l e 15 

would g i v e an i n d i c a t i o n of p r o b a b l e h e r b i c i d e damage. By 

c a r e f u l i n s p e c t i o n of the t a b l e , i t can be seen t h a t t h e r e was 

a s l i g h t tendency f o r t h o s e s p e c i e s w i t h the g r e a t e s t 

c o n c e n t r a t i o n s of stomata t o be more s u s c e p t i b l e t o 2,4-D. For 

example, 6 of t h e 10 s p e c i e s r a t i n g 1 or 2 i n s u s c e p t i b i l i t y 

appear a t the t o p . There are e x c e p t i o n s t o the t r e n d . F o r 

example, l e a f y spurge and the knapweeds have a h i g h s t o m a t a l 

d e n s i t y but they a re r e s i s t a n t t o 2,4-D. At the o t h e r extreme, 

broad l e a f dock i s m o d e r a t e l y s u s c e p t i b l e d e s p i t e h a v i n g few 

stomata on the upper s u r f a c e . In o r d e r t o determine i f t h e r e was 

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

s u s c e p t i b i l i t y , the Spearman rank c o r r e l a t i o n c o e f f i c i e n t was 

c a l c u l a t e d . The v a l u e o b t a i n e d was r s = .38, i n d i c a t i n g a 

s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n . T h i s s u g g e s t s t h a t about 14% 

of the v a r i a t i o n i n 2,4-D s u s c e p t i b i l i t y of the s p e c i e s may be due 

t o d i f f e r e n c e s i n s t o m a t a l c o n c e n t r a t i o n on the upper l e a f s u r f a c e . 
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Tab l e 16. Weed s p e c i e s l i s t e d i n o r d e r of d e c r e a s i n g t o t a l 
l e n g t h of guard c e l l s per mm.2 Q f upper l e a f 
s u r f a c e w i t h 2,4-D s u s c e p t i b i l i t y r a t i n g s . 

Mean Length X S u s c e p t i b i l i t y 
Mean Number of t o 

S p e c i e s Stomata/mm. 2 2,4-D (72,76) 

c a t ' s e ar 6510 2* 
n.1. p l a n t a i n 5533 1 
s p o t t e d knapweed 5439 4 
shepherd's purse 5004 2 
b l u e bur 4539 2 
pineappleweed 4479 3 
s t i n k w e e d 4526 1 
hedge mustard 4156 1 
l e a f y spurge 4150 4 
d i f f u s e knapweed 4093 4 
b.1. p l a n t a i n 3971 2 
yarrow 3953 4 
w i l d r a d i s h 3844 2 
p r o s t r a t e knotweed 3691 4 
r e d r o o t pigweed 3392 3 
l a m b s q u a r t e r s 2992 1 
d a n d e l i o n 2864 3 
l a d y ' s thumb 2816 3 
c r e e p i n g b u t t e r c u p 2500 4 
chickweed 2308 3 
w h i t e c o c k l e 2298 4 
g r o u n d s e l 1928 3 
mouse-ear 1912 3 
sheep s o r r e l 1756 3 
Canada t h i s t l e 1642 3 
w i l d buckwheat 1596 3 
br o a d l e a f dock 1037 2 
hemp n e t t l e 911 4 
t o a d f l a x 76 4 

* 1.= s u s c e p t i b l e 
2. = m o d e r a t e l y s u s c e p t i b l e 
3. = m o d e r a t e l y r e s i s t a n t 
4. = r e s i s t a n t 



- 61 -

An even b e t t e r i n d i c a t i o n of the p o t e n t i a l p e n e t r a t i o n 

a r e a i s o b t a i n e d by m u l t i p l y i n g s t o m a t a l c o n c e n t r a t i o n by mean 

l e n g t h . T h i s was done i n t a b l e 16. The same numbers as i n the 

p r e v i o u s t a b l e and t h e i r c o r r e s p o n d i n g l e n g t h s were used. 

A l t h o u g h the s p e c i e s r ank i s s l i g h t l y d i f f e r e n t i n t h i s t a b l e , 

the same g e n e r a l r e l a t i o n s h i p of stomata w i t h 2,4-D damage i s 

a p p arent. A s i g n i f i c a n t Spearman rank c o r r e l a t i o n c o e f f i c i e n t of 

r s = .35 was c a l c u l a t e d . T h i s i n d i c a t e s s l i g h t l y l e s s c o r r e l a t i o n 

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

s t o m a t a l d e n s i t y . 

In c o n s i d e r i n g the p r a c t i c a l i m p l i c a t i o n s of t h e 

o b s e r v e d c o r r e l a t i o n , a number of f a c t s s h o u l d be r e v i e w e d . 

F i r s t , s u s c e p t i b i l i t y t o 2,4-D does not i m p l y s i m i l a r 

s u s c e p t i b i l i t y t o a l l o t h e r h e r b i c i d e s . In f a c t , many h e r b i c i d e s 

have t o t a l l y d i f f e r e n t spectrums of s u s c e p t i b l e s p e c i e s . 2.4-D 

was chosen because i t i s the o n l y h e r b i c i d e f o r which so much 

i n f o r m a t i o n i s a v a i l a b l e . I t i s not an i d e a l h e r b i c i d e f o r the 

purpose because the commonly used amine f o r m u l a t i o n s are absorbed 

e q u a l l y w e l l by the r o o t s and the e s t e r f o r m u l a t i o n s are known 

t o p e n e t r a t e l e a f c u t i c l e ( 3 9 ) . F u r t h e r m o r e , the i n f o r m a t i o n on 

s u s c e p t i b i l i t y i s i n no way q u a n t i t a t i v e , b e i n g based m a i n l y on 

f i e l d o b s e r v a t i o n s over a number of y e a r s . 

Having c o n s i d e r e d t h e f o r e g o i n g q u a l i f i c a t i o n s , i t i s 

s t i l l not u n r e a s o n a b l e t o b e l i e v e t h a t about 14% of the d i f f e r e n c e s 

i n s u s c e p t i b i l i t y c o u l d be due t o s t o m a t a l d i f f e r e n c e s . I t i s 

p o s s i b l e t o e x p l a i n some of the d i s c r e p a n c i e s i n the t a b l e s on 

the b a s i s of l e a f morphology. Pineappleweed and yarrow are 
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b o t h more s u s c e p t i b l e t o 2,4-D th a n would be e x p e c t e d on the 

b a s i s of t h e i r upper s u r f a c e s t o m a t a l d e n s i t y . As p r e v i o u s l y 

n o t e d , t h e i r l e a v e s a re v e r y f i n e l y d i v i d e d and the narrow 

l e a f l e t s o f t e n have t h e i r margins or lower s u r f a c e s uppermost. 

Thus., t h e r e i s l i t t l e l e a f a rea a v a i l a b l e f o r s p r a y p e n e t r a t i o n 

even i f w e t t i n g o c c u r s . At the o t h e r extreme, the g r e a t e r than 

p r e d i c t e d s u s c e p t i b i l i t y of broad l e a f dock can be e x p l a i n e d by 

the u n u s u a l l y l a r g e and e a s i l y w e t t e d l e a v e s . The r e s i s t a n c e of 

l e a f y spurge and the knapweeds cannot be a c c o u n t e d f o r on:: the 

b a s i s of- l e a f morpholgy and must be p h y s i o l o g i c a l . 

As s u s c e p t i b i l i t y i n f o r m a t i o n i s accumulated f o r 

a d d i t i o n a l h e r b i c i d e s , i t w i l l be i n t e r e s t i n g t o see i f the 

c o r r e l a t i o n w i t h s t o m a t a l d e n s i t y d e t e c t e d i n t h i s s t u d y h o l d s 

t r u e f o r compounds o t h e r t h a n 2,4-D. E x a m i n a t i o n of more weed 

s p e c i e s f o r s t o m a t a l c h a r a c t e r i s t i c s would a l s o s e r v e t o 

s t r e n g t h e n or weaken the h y p o t h e s i s t h a t the number of stomata 

on the upper l e a f s u r f a c e i s p o s i t i v e l y c o r r e l a t e d w i t h 

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

The experiment c a r r i e d out w i t h p i c l o r a m f a i l e d t o 

show c o n c l u s i v e r e s u l t s r e g a r d i n g e n t r y a s s o c i a t e d w i t h stomata. 

T h i s i s not s u r p r i s i n g i n view of the r e l a t i v e l y s i m p l e methods 

used and the i m p e r f e c t c o r r e l a t i o n of s t o m a t a l number and l e n g t h 

w i t h s u s c e p t i b i l i t y t o 2,4-D. The most p o s i t i v e r e s u l t s showed t h a t 

dry w e i g h t s were reduced more by lower than by upper s u r f a c e 

a p p l i c a t i o n s . T h i s agrees w i t h the much g r e a t e r numbers of 

stomata on the lower l e a f s u r f a c e s but i t does not d i s t i n q u i s h 

between c u t i c u l a r and s t o m a t a l p e n e t r a t i o n . The i n c r e a s e s i n 
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weight w i t h low r a t e s of p i c l o r a m i n d i c a t e a growth r e g u l a t o r 

e f f e c t w h i c h c o m p l i c a t e s i n t e r p r e t a t i o n of the r e s u l t s . The 

r e d u c t i o n i n weight f o l l o w i n g a p p l i c a t i o n t o the lower s u r f a c e 

c o u l d j u s t as w e l l be due t o l e s s p i c l o r a m a b s o r p t i o n a t 1 and 

10 ppm., as t o more at 100 and 1000 ppm. 

Because of the h i g h v a r i a b i l i t y between r e p l i c a t i o n s , the d i f f 

e r e n c e s d e t e c t e d i n f r e s h w e i g h t s due t o degree of s t o m a t a l 

opening were not d e t e c t e d i n the dry w e i g h t s . In summary, i t 

was found t h a t a l l s p e c i e s were damaged more by lower s u r f a c e 

t h a n by upper s u r f a c e a p p l i c a t i o n . D i f f e r e n c e s due t o degree 

of s t o m a t a l opening were i n d i c a t e d but not c o n c l u s i v e l y shown. 

More p r e c i s e c o n t r o l of s u r f a c e s s p r a y e d and s t o m a t a l opening 

would p r o b a b l y have y i e l d e d more c o n c l u s i v e r e s u l t s . 

The drawings and photomicrographs i l l u s t r a t e a number 

of i n t e r e s t i n g d i f f e r e n c e s and p e c u l i a r i t i e s among the s p e c i e s 

s t u d i e d . In r e g a r d t o t r i c h o m e s , i t would appear t h a t , of the 

s p e c i e s s t u d i e d , o n l y b l u e bur, mouse-ear, w h i t e c o c k l e , c a t ' s 

e a r , d i f f u s e knapweed, w i l d r a d i s h , shepherd's pu r s e , hemp 

n e t t l e , and b u t t e r c u p have s u f f i c i e n t h a i r i n e s s t o i n f l u e n c e 

r e t e n t i o n or p e n e t r a t i o n of s p r a y s . The whole mount method of 

s l i d e p r e p a r a t i o n has f a i r l y damaging e f f e c t s on l a r g e t r i c h o m e s 

and the broken and m i s s i n g t r i c h o m e s shown i n the p l a t e s a re 

not n e c e s s a r i l y a normal o c c u r r e n c e . However, i t i s known t h a t , 

many l e a v e s shed t h e i r t r i c h o m e s e a r l y i n l i f e ( 2 0 ) , and the 

p l a t e s i l l u s t r a t e t h e r e l a t i v e l y l a r g e c a v i t i e s w hich may be 

l e f t . 

I l l u s t r a t i o n s V-29 and VI-35 show t h e a p p a r e n t l y 
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s t o m a t a - f r e e upper s u r f a c e s of t o a d f l a x and montia. The 

d a t a r e v e a l e d t h a t stomata do e x i s t on t h e s e s u r f a c e s but i n 

v e r y s m a l l numbers per u n i t a r e a . T h i s i l l u s t r a t e s the 

advantages of t h e whole mount method over e p i d e r m a l s t r i p p i n g . 

S e v e r a l e p i d e r m a l s t r i p s c o u l d e a s i l y be t a k e n from t h e s e 

s p e c i e s w i t h o u t e n c o u n t e r i n g stomata. The f u n c t i o n of t h e s e 

r a r e upper s u r f a c e stomata i s d i f f i c u l t t o e x p l a i n . They 

are f a r t o o s p a r s e t o be of s i g n i f i c a n c e i n the t o t a l gaseous 

exchange of t h e l e a v e s . Perhaps we are w i t n e s s i n g the l a s t 

s t a g e s of an e v o l u t i o n a r y p r o c e s s which w i l l r e s u l t i n com

p l e t e l y hypostomatous l e a v e s f o r t h e s e s p e c i e s . 
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CONCLUSION 

The s u r v e y of mature l e a v e s of 33 weed s p e c i e s has 

r e v e a l e d s t o m a t a l d e n s i t i e s r a n g i n g from 294.9/mm.^ i n the 

lc-wer e p i d e r m i s of hedge mustard t o 2.3/mm.2 on the upper 

s u r f a c e of t o a d f l a x . D i f f e r e n c e s i n l e n g t h of stomata were 

l e s s , r a n g i n g from 5 9 ^ c i n w i l d o a t s t o 21.6^1 i n shepherd's 

purse. S i z e appears t o be n e g a t i v e l y c o r r e l a t e d w i t h d e n s i t y . 

In some b o t a n i c a l f a m i l i e s ( C r u c i f e r a e , C a r y o p h y l l a c e a e , 

Gramineae), the v a r i o u s genera appear t o have s i m i l a r s t o m a t a l 

c h a r a c t e r s , w h i l e i n o t h e r s (Polygonaceae, Compositae), 

v a r i a b i l i t y appears t o be a f a m i l y t r a i t . 

The drawings and photomicrographs p r e s e n t a v i s u a l 

summary of the da t a as w e l l as p r o v i d i n g a r e c o r d of o t h e r 

f e a t u r e s . The s p e c i e s can be grouped i n a number of ways 

based on l e a f s u r f a c e anatomy. For example, the stomata were 

sunken i n l e a f y spurge ( E u p h o r b i a e s u l a ) , f l u s h w i t h the 

s u r f a c e i n l a m b s q u a r t e r s (Chenopodium album), and r a i s e d 

s l i g h t l y above the o t h e r e p i d e r m a l c e l l s i n a l l o t h e r s p e c i e s . 

Twelve s p e c i e s had by f a r the most stomata on the lower s u r f a c e 

and o n l y 3 had most on the upper s u r f a c e . No c o m p l e t e l y hypo-

stomatous l e a v e s were found but thos e of t o a d f l a x ( L i n a r i a  

v u l g a r i s ) and montia ( M o n t i a s i b i r i c a ) w e r e n e a r l y so. Ten 

s p e c i e s were a p p r e c i a b l y pubescent w h i l e the o t h e r s were 

e s s e n t i a l l y g l a b r o u s a t m a t u r i t y . G l a n d - t i p p e d h a i r s and 

s e s s i l e g l a n d s were found i n the knapweeds (Centaurea s p p . ) . 

S h o r t , s t a l k e d , mushroom-like g l a n d s were common i n Polygonaceae. 
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Small, fragile glands were found on the leaves of broad-leaf 
plantain (Plantago major). 

A positive correlation was indicated between density 
of stomata on the upper leaf surface and susceptibility to 
2,4-D. The correlation was only slight, so that stomatal 
density would be unlikely to decide the success or failure of 
2,4-D, but rather could influence its relative efficiency 
against different species. 

Evidence obtained from the greenhouse experiment using 
picloram showed that 3 species having many more stomata on the 
lower than on the upper surface were all damaged more by sprays 
to the lower than to the upper surface. This indicates 
penetration associated with stomata but does not rule out 
cuticular penetration. The effects of relatively open versus 
relatively closed stomata on entrance by picloram were 
inconclusive. 

The usefulness of the information obtained in the 
survey of weed leaf anatomy has not been shown in the present 
study. However, there are indications that as more information 
on herbicide susceptibility is accumulated, the data obtained 
may prove to be very useful from the point of view of weed 
control. 
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APPENDIX 

Tab l e 1. A n a l y s i s of v a r i a n c e of s t o m a t a l numbers of 
8 s p e c i e s . 

Source 

S p e c i e s 
Dates 
Leaf S u r f a c e 
•S x D 
S x L 
D x L 
D x S x L 
E r r o r 
T o t a l 

Degrees of 
Freedom 

7 
1 
1 
7 
7 
1 
7 

608 
639 

Mean 
Square 

26. 71 

46.70** 
50.60** 
66.88** 
3.60** 

29.57** 
4. 66* 
1.33n.s 

Ta b l e 2. A n a l y s i s of v a r i a n c e of s t o m a t a l l e n g t h s of 
8 s p e c i e s . 

Source 

S p e c i e s 
Dates 
Leaf S u r f a c e 
S x D 
S x L 
D x L 
D x S x L 
E r r o r 
T o t a l 

Degrees of 
Freedom 

7 
1 
1 
7 
7 
1 
7 

2528 
2559 

Mean 
Square 

1. 78 

619.57** 
142.19** 
14.95** 

128.14** 
32.42** 
8.34** 
3.98** 

n.s. = not 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 at 5% l e v e l 
** = s i g n i f i c a n t at 1% l e v e l 
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Ta b l e 3. A n a l y s i s of v a r i a n c e of s t o m a t a l numbers of 
25 s p e c i e s grown i n sun and shade. 

Degrees of Mean 
Source Freedom Square F 

S p e c i e s 24 227. 14** 
Dates 1 72. , 21** 
Environments 1 30. , 82** 
Leaf S u r f a c e s 1 759. ,62** 
S x D 24 10. 41** 
S x E 24 10, ,13** 
S x L 24 32, ,30** 
D x E 1 3, ,46n.s 
D x L 1 1, ,68n.s 
E x L 1 0. ,Oln.s 
D x S x L 24 2. 23** 
D x S x E 24 9. 46** 
D x L x E 1 0. ,14n.s 
E x S x L 24 1. 80** 
E x S x L x D 98 3. 60** 
E r r o r 3726 16.288 
T o t a l 3999 

T a b l e 4. A n a l y s i s of v a r i a n c e of s t o m a t a l l e n g t h s of 
25 s p e c i e s grown i n sun and shade. 

Degrees of Mean 
Source Freedom Square F. 

S p e c i e s 24 3683. 46** 
Dates 1 0. 64n. s 
Environments 1 148. 29** 
Leaf S u r f a c e s 1 . 1. 42n. s 
S x D 24 194. 96** 
S x E 24 70. 63** 
S x L 24 51. 49** 
D x E 1 58. 05** 
D x L 1 0. 16n. s 
E x L 1 52. 82** 
S x E x L 24 8. 45** 
D x S x E 24 124. 96** 
D x S x L 24 5. 91** 
D x E x L 1 5. 15* 
D x S x E x L 98 36. 74** 
E r r o r 15726 2.48 
T o t a l 15999 

n. s. 
* 
** 

= not s i g n i f i c a n t at 5% l e v e l 
= s i g n i f i c a n t at 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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T a b l e 5. A n a l y s i s of v a r i a n c e of f r e s h w e i g h t s of weeds 
a f t e r a p p l i c a t i o n of p i c l o r a m s p r a y s . 

Degrees of Mean 
Source Freedom Square F 

S p e c i e s 2 46. 24** 
A p e r t u r e 1 1. 27n.s. 
Leaf S u r f a c e 1 2. 76n.s. 
Treatment 4 15. 42** 
S x A 2 2. 21n.s. 
S x L 2 0. 77n.s. 
S x T 8 3. 49** 
A x L 1 3 . 22n.s. 
A x T 4 3. 94** 
L x T 4 2. 46* 
S x A x L 2 0. 67n.s. 
S x A x T 8 2 . 08* 
S x L x T 8 1. 61n.s. 
A x L x T 4 1. 98n.s. 
S x A x L x T 34 1. 95n.s. 
E r r o r 154 237.83 
T o t a l 239 

T a b l e 6. A n a l y s i s of v a r i a n c e of dry w e i g h t s of weeds 
a f t e r a p p l i c a t i o n of p i c l o r a m s p r a y s . 

Degrees of Mean 
Source Freedom Square F 

S p e c i e s 2 81. 66** 
A p e r t u r e 1 0. 19n.s 
l e a f S u r f a c e 1 4. 13* 
Treatment 4 4. 64** 
S x A 2 0. 55n. s 
S x L 2 0. 17n. s 
S x T 8 1. 24n.s 
A x L 1 0. 84n.s 
A x T 4 2. 06h.s 
L x T 4 1. 70n. s 
S x A x L 2 0. 15n. s 
S x A x T 8 2. 05* 
S x L x T 8 1. 02n.s 
A x L x T 4 2. 38* 
S x A x L x T 34 1. 72n. s 
E r r o r 154 1210.9 
T o t a l 239 

n. s . 
* 
** 

= not s i g n i f i c a n t at 5% l e v e l 
= s i g n i f i c a n t at 5% l e v e l 
= s i g n i f i c a n t at 1% l e v e l 
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T a b l e 7. D e n s i t i e s and l e n g t h s of stomata on the upper 
l e a f s u r f a c e of 25 s p e c i e s , (mean of 2 h a r v e s t s , 
grown i n f u l l s u n ) . 

Number of Length of 
S p e c i e s Stomata/mm. 2 Stomata (y,) 

r e d r o o t pigweed 131 . 0 25, .8 
b l u e bur 163 .3 27, , 5 
chickweed 51 .6 44, ,4 
mouse-ear 45 .6 42, ,3 
l a m b s q u a r t e r s 79 .8 37, ,4 
d i f f u s e knapweed 143 .3 28, ,4 
w h i t e c o c k l e 65 . 5 35, ,2 
Canada t h i s t l e 45 . 9 35, ,2 
c a t ' s ear 135 . 7 25, ,4 
g r o u n d s e l 40 . 9 46, ,6 
w i l d buckwheat 41 . 9 38, ,8 
hedge mustard 176 . 6 23, ,6 
shepherd's purse 229 .8 21, , 7 
l e a f y spurge 159 .9 26, , 1 
couch g r a s s 71 .8 45, , 5 
w i l d o a t s 46 .6 59, , 7 
b a r n y a r d g r a s s 110 . 7 31. 8 
n.1. p l a n t a i n 194 .8 28. 6 
l a d y ' s thumb 110 . 7 25. 5 
sheep s o r r e l 39 .6 43. 9 
p r o s t r a t e knotweed 107 .4 34. 2 
b r o a d l e a f dock 29 . 6 35. 5 
c r e e p i n g b u t t e r c u p 58 . 9 42. 9 
montia 4 . 7 42. 3 
t o a d f l a x 2 .3 29. 1 


