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T h e p o t e n t i a l g r o w t h - r e g u l a t i n g c o m p o u n d 4 - c h l o r o g l u t a r a n i l i c 

ac id (CGA) w a s t e s t e d in w h o l e - p l a n t b i o a s s a y s y s t e m s wh ich u t i l i zed 

s u n f l o w e r s e e d l i n g s (He l i an thus a n n u u s , L . ). T e s t s y s t e m s inc luded 

the g r o w t h of p l a n t s in s o i l , so l id i n e r t (Vermic%uli te) s u b s t r a t e , 

and h y d r o p o n i c ( S e e d - P a k ) p o u c h e s . 

C o n c e n t r a t i o n s t u d i e s involv ing the f o l i a r a p p l i c a t i o n of CGA 

to s o i l - g r o w n p l an t s i nd i ca t ed tha t an i n c r e a s e in g r o w t h inh ib i t ion is 

a s s o c i a t e d wi th an i n c r e a s e in c o n c e n t r a t i o n s . No a d d i t i o n a l i n h i b i -

t ion or phy to tox ic e f f e c t s o c c u r r e d us ing s o l u t i o n s of 10" ^ M or h i g h e r 

c o n c e n t r a t i o n s . F o l i a r a p p l i c a t i o n s of CGA p r o d u c e d g r o w t h inh ib i t ion 

w h i c h w a s d e t e c t a b l e wi th in t w e n t y - f o u r h o u r s fo l lowing i n i t i a l t r e a t -

m e n t , and w h i c h p e r s i s t e d f o r a t l e a s t t h i r t y d a y s . A p p l i c a t i o n of 

CGA to r o o t s of p l a n t s g r o w n in a s o l i d - i n e r t s u b s t r a t e p r o d u c e d a 

g r o w t h inh ib i t i on wh ich w a s 15 p e r cen t g r e a t e r than v a l u e s r e p o r t e d 

f o r a f o l i a r a p p l i c a t i o n of the s a m e c o n c e n t r a t i o n . F o l i a r o r r o o t 

a p p l i c a t i o n of CGA a t c o n c e n t r a t i o n s of 10~5 M or g r e a t e r p r o d u c e d 



g r o s s leaf m o r p h o l o g y c h a n g e s in a l l g r o w t h o c c u r r i n g s u b s e q u e n t to 

t r e a t m e n t . T o t a l p l a n t - h e i g h t inh ib i t ion p r o d u c e d by CGA t r e a t m e n t 

w a s found to be p r i n c i p a l l y a s s o c i a t e d wi th e longa t i on inh ib i t ion of the 

s t e m a r e a l o c a t e d b e t w e e n p r i m a r y l e a v e s and the shoo t m e r i s t e m . 

C o n c e n t r a t i o n s t u d i e s invo lv ing r o o t a p p l i c a t i o n of CGA to h y d r o p o n i c -

- 8 
g r o w n ( S e e d - P a k ) p l a n t s r e v e a l e d t h a t 10 M s o l u t i o n s p r o d u c e d 

- 3 

o p t i m a l g r o w t h e n h a n c e m e n t and t ha t 10 M s o l u t i o n s a r e l e t h a l . 

CGA w a s found to be 32 p e r cen t l e s s a c t i v e t h a n IAA as a g r o w t h p r o -

mot ing compound but w a s 76 p e r c e n t m o r e a c t i v e a s a g r o w t h i n h i b i -

t o r a t e q u i v a l e n t c o n c e n t r a t i o n s . T h e g r o w t h - e n h a n c e m e n t c a p a c i t y 

of CGA w a s e q u a l to t h a t of 2 , 4 - D , bu t w a s a t e n - f o l d l e s s a c t i v e 

i n h i b i t o r than 2 , 4 - D . C o m p a r a t i v e , q u a n t i t a t i v e p l a n t - o r g a n s t u d i e s 
-4 

u s ing the h y d r o p o n i c ( S e e d - P a k ) r o o t a p p l i c a t i o n a s s a y and 10 M 

CGA s o l u t i o n r e v e a l e d t ha t the m o s t s e v e r e l y a f f e c t e d o r g a n w a s the 

leaf and t h a t the l e a s t a f f e c t e d o r g a n w a s the r o o t s y s t e m . D a r k - g r o w n 

p l an t s c u l t i v a t e d in h y d r o p o n i c ( S e e d - P a k ) p o u c h e s , w h i c h r e c e i v e d 

roo t a p p l i c a t i o n of 10"® M and 10"^ M c o n c e n t r a t i o n s of CGA, exh ib i t ed 

both the e n h a n c e m e n t and inh ib i t ion a c t i v i t y s e e n in l i g h t - g r o w n p l a n t s . 

G r o w t h inh ib i t ion p r o d u c e d by r o o t t r e a t m e n t of 10"^ M CGA is a u g -

m e n t e d by the a d d i t i o n of e q u i m o l a r c o n c e n t r a t i o n s of g l u c o s e , 

s u c r o s e , and 6 - B A P and is b locked by G A and is not a f f e c t e d by IAA. 

Growth inh ib i t ion and e n h a n c e m e n t p r o d u c e d by 10~® M and 10"^ M 



CGA app l i ed to r o o t s of Seed - P a k - g r o w n p l a n t s is not r e l a t e d to the 

pH of t e s t s o l u t i o n s . L e a v e s f r o m s o i l - g r o w n p l an t s t r e a t e d wi th a 

- 3 

10 M f o l i a r a p p l i c a t i o n of CGA p o s s e s s e d s e v e r a l a b n o r m a l i t i e s . 

T h e s e inc luded an i n c r e a s e in t h i c k n e s s and d r y w e i g h t , a r e d u c t i o n 

in c h l o r o p l a s t s t a r c h v a c u o l e s , e x t r a c t a b l e s t a r c h , so lub l e h e x o s e s , 

and so lub l e p r o t e i n s . 

M o d i f i c a t i o n of the 4 - c h l o r o g l u t a r a n i l i c a c i d m o l e c u l e by-

r e d u c t i o n of the a l k y l c a r b o x y l i c ac id c a r b o n n u m b e r f r o m f i v e to 
- 3 

z e r o r e s u l t e d in a c t i v i t y c h a n g e s . When app l i ed to r o o t s a t 10 M 
c o n c e n t r a t i o n , a l l h o m o l o g u e s e x c e p t 4 - c h l o r o a n i l i n e w e r e l e t h a l . 

- 4 
A t 10 M c o n c e n t r a t i o n s , a d e c r e a s e in the g r o w t h - i n h i b i t i n g a b i l i t y 

of the c o m p o u n d s p a r a l l e l e d a r e d u c t i o n in s i d e - c h a i n c a r b o n n u m b e r . 

- 8 

At 10 M c o n c e n t r a t i o n s , t he o d d - c a r b o n - n u m b e r c o m p o u n d s and 

4 - c h l o r o a n i l i n e p o s s e s s e d g r o w t h - a u g m e n t a t i o n a c t i v i t y ; w h e r e a s 

even n u m b e r e d s i d e - c h a i n a c i d s d e m o n s t r a t e d m i n i m a l a c t i v i t y . 
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CHAPTER I 

INTRODUCTION 

Within the pas t few y e a r s t h e r e has been an obvious e m p h a s i s 

placed on the need f o r i n c r e a s e d food produc t ion on a w o r l d - w i d e b a s i s . 

A f u n d a m e n t a l r e q u i r e m e n t n e c e s s a r y to a c c o m p l i s h the t a s k of p r o -

viding f o r i n c r e a s i n g populat ion nu t r i t i ona l needs is tha t of a c c u m u -

lat ing i n f o r m a t i o n in the a r e a s of a g r o n o m y and plant physiology. 

Hopeful ly , f r o m r e s e a r c h e f f o r t s in the a r e a s of bas i c and appl ied plant 

physiology wi l l come a n s w e r s tha t can provide man with the c a p a b i l i -

t i e s f o r i n c r e a s i n g both the quant i ty and qua l i ty of plant food y ie lds . 

It is r ecogn ized that g r e e n l eaves a r e the w o r l d ' s l a r g e s t s o u r c e of 

p ro t e in and r e s e a r c h is be ing conducted to r e m o v e economica l ly the 

p r e s e n c e of ind iges t ib le f i b e r , u n d e s i r a b l e f l a v o r , and co lo r (85). 

A p r e r e q u i s i t e to i n c r e a s i n g the yield and qual i ty of a plant 

t i s s u e to be used a s a s o u r c e of nu t r i t ion is add i t iona l knowledge con-

ce rn ing those s u b s t a n c e s which a l t e r the growth of p l an t s . 

A wide v a r i e t y of both inorgan ic and organ ic s u b s t a n c e s have 

been found to evoke m e a s u r a b l e o r obse rvab l e p lant growth r e s p o n s e s 

which can be c o n s i d e r e d both n o r m a l and a b n o r m a l in n a t u r e . 



T h e q u e s t f o r i nd iv idua l i n o r g a n i c p l an t r e q u i r e m e n t s and 

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

h a s an e x t e n s i v e p a s t h i s t o r y . T h i s p e r i o d e x t e n d s f r o m "Woodward 's 

o b s e r v a t i o n s in 1699 (164) t h a t p l a n t s g row b e t t e r in m u d d y w a t e r 

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

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

l u n a r o r i g i n (156, 154, 157). 

F r o m the t i m e t h a t D a r w i n ' s (35) e x p e r i m e n t s w i t h g r a s s 

c o l e o p t i l e p r o v o k e d though t in t h e m i n d s of s c i e n t i s t s s u c h a s P a a l 

(118) abou t the p o s s i b i l i t y of a s u b s t a n c e b e i n g p r o d u c e d in one p a r t 

of the p l an t w h i c h could c a u s e a r e s p o n s e in a n o t h e r p a r t of the s a m e 

p l an t , the " r a c e " w a s on. S ince t h e n , a m b i t i o u s w o r k e r s have b e e n 

i s o l a t i n g , s y n t h e s i z i n g , t e s t i n g f o r , and a c c i d e n t a l l y d i s c o v e r i n g a 

n u m b e r of o r g a n i c c o m p o u n d s w h i c h c a n a f f e c t p l an t g r o w t h in v a r i o u s 

w a y s . 

It s o o n b e c a m e ev iden t t h a t a l a r g e n u m b e r of o r g a n i c c o m -

pounds p o s s e s s e d b i o l o g i c a l a c t i v i t y in p l an t s y s t e m s , and the p h r a s e 

" p l a n t g r o w t h r e g u l a t o r " b e c a m e a p o p u l a r e x p r e s s i o n f o r t h e s e 

c o m p o u n d s . O b v i o u s l y h igh c o n c e n t r a t i o n s of s t r o n g o r g a n i c a c i d s 

would have a n i n h i b i t o r y e f f e c t on p l an t g r o w t h by d i r e c t t i s s u e 

d e s t r u c t i o n and cou ld be c l a s s i f i e d a s p l an t g r o w t h r e g u l a t o r s . How-

e v e r , the p h r a s e " p l a n t g r o w t h r e g u l a t o r " b e c a m e m o r e p r e c i s e l y 



d e s c r i p t i v e in n a t u r e w h e n a d e f i n i t i o n w a s p r o p o s e d by the A m e r i c a n 

S o c i e t y of P l a n t P h y s i o l o g y to inc lude only t h o s e o r g a n i c c o m p o u n d s 

w h i c h , in s m a l l a m o u n t s , i nh ib i t , o r in o the r w a y s m o d i f y , p h y s i o l o -

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

w e r e m a d e to s t a n d a r d i z e the n o m e n c l a t u r e , inc lud ing p l a c i n g a c t i v e 

c o m p o u n d s in to 1 of 9 c a t e g o r i e s b a s e d on the type of p l an t r e s p o n s e 

p r o d u c e d (147). T h o u g h t f u l e f f o r t s have s i n c e b e e n m a d e 

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

w h i c h a f f e c t o r m o d i f y p l an t g r o w t h . A r e c e n t c o n t r i b u t i o n by 

S t e w a r d (127) r e c o g n i z e s t ha t m a n y o r g a n i c c h e m i c a l a g e n t s a c t to 

p r o d u c e o b s e r v a b l e o r m e a s u r a b l e c h a n g e s in p l an t m o r p h o l o g y and 

p h y s i o l o g y and do s o t h r o u g h c o m p l e x m e t a b o l i c s c h e m e s . He , 

t h e r e f o r e , p r o p o s e d to n a m e c o l l e c t i v e l y s u c h s u b s t a n c e s by e m p l o y -

ing the La t i n noun m o d e r a m e n , w h i c h d e n o t e s a m e a n s of m o d e r a t -

ing the m a n a g e m e n t and c o n t r o l of d i r e c t i o n . B e c a u s e of the d i f f i c u l t y 

in a s c r i b i n g at s i n g l e p h y s i o l o g i c a c t i v i t y to any one g r o w t h r e g u l a t i n g 

c o m p o u n d , only a l i m i t e d o rgan iza t ion o r c a t e g o r i z i n g of the s u b s t a n c e s 

h a s b e e n a c c o m p l i s h e d . The fo l lowing s c h e m e is o f f e r e d a s a n 

a t t e m p t to b r i n g abou t the n e c e s s a r y o r g a n i z a t i o n to a c u r r e n t d i s -

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



G r o w t h R e g u l a t i n g C o m p o u n d s 

O r g a n i c c o m p o u n d s wh ich in s m a l l a m o u n t s (10"" ^ - 1 0 * M) 

p e r c e p t i b l y m o d i f y p h y s i o l o g i c a l p r o c e s s e s in p l an t s 

A . P h y t o h o r m o n e s - A l l n a t u r a l l y o c c u r r i n g o r g a n i c c o m p o u n d s 

w h i c h have b e e n i s o l a t e d f r o m v i a b l e p lan t t i s s u e and p r o d u c e 

s o m e c h a r a c t e r i s t i c or s e r i e s of c h a r a c t e r i s t i c p h y s i o l o g i c 

r e s p o n s e s b a s e d on e s t a b l i s h e d b i o a s s a y s (23). T h e fo l lowing 

c o m p o u n d s a r e inc luded in t h i s group. 

1. A u x i n s - S u b s t a n c e s w h i c h e n h a n c e the r a t e of c e l l e longa t ion 

in p l an t t i s s u e . 

a . ( i n d o l e - 3 ) - a c e t i c ac id (84) 

b . p - ( i n d o l e - 3 ) - p r o p i o n i c a c i d , ( i n d o l e - 3 ) - g l y o x y l i c a c i d , 

and ( i ndo le -3 )~g lyco l i c ac id (45) 

c . y - ( i n d o l e - 3 ) - b u t y r i c a c i d (24) 

d . ( i n d o l e - 3 ) - p y r u v i c ac id (160) 

e . ( i n d o l e - 3 ) - a c e t o n i t r i l e (77) 

f . ( i n d o l e - 3 ) - a c e t a l d e h y d e (89) 

2. G i b b e r e l l i n s (88) - Iden t i f i ed wi th the a b i l i t y to c a u s e e l o n g a -

t ion of g e n e t i c a l l y d w a r f e d p l a n t s . T h i r t y - f o u r c u r r e n t l y 

r e c o g n i z e d a n a l o g s , wh ich a r e d e r i v a t i v e s of the g ibbane 

s k e l e t o n . 



3. Cytokinins - Induce cel l division. Are substi tuted adenine 

der iva t ives . 

a . Zeatin (93) 

b. Zeat in r iboside (93) 

c . Isopentyl adenosine (94) 

4. Inhibitors - Compounds which a r e assoc ia ted with senescen t 

organs and quiescent ce l l s . 

a . Abscis in II (Dormin) (1) 

b. Tannins and re la ted compounds (3, 4, 5- t r imethoxybenzoic 

acid, chlorogenic acid, caffe ic acid, ellagic acid, f e ru l i c 

acid, t ransc innamic acid, coumar in , and 2 ' , 3 4 ' , 3, 4 -

pentahydroxychalcone) (31) 

c. "Inhibitor B" (18) 

d. New non-a romat ic inhibitor (34) 

5. Ethylene - Induced in t i s sues by auxin application, and may 

a l t e r the way t i s sues grow in p resence of auxin (53). 

B. Synthetic Growth Regulators - Synthetic organic compounds which 

exer t influence on plant growth and development. Following the 

identif ication of Indole acet ic acid as a na tu ra l auxin, l abo ra to r -

ies began to synthesize compounds which were s i m i l a r to 

na tura l ly occurr ing phytohormones but which possessed minor 



m o d i f i c a t i o n s . T h e s e compounds w e r e t e s t e d in p l an t b i o a s s a y 

s y s t e m s to d e t e r m i n e w h a t s i m i l a r i t i e s and d i f f e r e n c e s in p l an t 

g r o w t h r e g u l a t i o n m i g h t o c c u r a s a r e s u l t of the m o l e c u l a r a l t e r a -

t ions . 

S o m e of the m o s t c o m m o n l y known c o m p o u n d s w h i c h a r e 

h ighly a c t i v e in m o d i f y i n g p lan t g r o w t h and to s o m e d e g r e e m i m i c 

the q u a l i t a t i v e r e s p o n s e of one of the n a t u r a l l y o c c u r r i n g g rowth 

r e g u l a t o r s a r e l i s t e d be low. 

1. 2 , 4 - d i c h l o r o p h e n o x y a c e t i c ac id (17) 

2 . 2 , 4 , 5 - t r i c h l o r o p h e n o x y a c e t i c a c i d (61) 

3. 1 - n a p h t h a l e n e a c e t i c a c i d (NAA) (171) 

4 . 2 - n a p h t h o x y a c e t i c ac id (70) 

5. 4 - c h l o r o - 2 - m e t h y l p h e n o x y a c e t i c a c i d (MCPA) (113) 

6. p h e n y l a c e t i c ac id (172) 

7. 2 , 3, 6 - t r i c h l o r o b e n z o i c ac id ( 2 , 3 , 6 T B A ) (169) 

8. N , N - D , m e t h y l d i t h i o c a r b a n y l a c e t i c a c i d (79) 

9. M o r p h a c t i n s - D e r i v a t i v e s of f l u o r e n e - 9 - c a r b o x y l i c a c i d (56) 

C . Syn the t i c G r o w t h R e t a r d a n t s - S y n t h e t i c o r g a n i c c o m p o u n d s w h i c h 

r e t a r d s t e m e longa t i on and i n c r e a s e g r e e n c o l o r of l e a v e s wi thou t 

c a u s i n g m a l f o r m a t i o n s of the p l an t . T h e m o s t w i d e l y r e p o r t e d 

e x a m p l e s of t h i s g r o u p inc lude the fo l lowing s u b s t a n c e s . 



1. 2 , 4 - d i c h l o r o b e n z y l - t r i b u t y l p h o s p h o r i u m c h l o r i d e 

(Phosphon) (121) 

2 . 4 - h y d r o x y l - 5 - i s o p r o p y l - 2 - m e t h y l p h e n y l t r i m e t h y l a m m o n i u m 

c h l o r i d e , 1 - p i p e r i d i n e c a r b o x y l a t e (AMO-1618) (161) 

3. ( 2 - c h l o r o e t h y l ) t r i m e t h y l a m m o n i u m c h l o r i d e (CCC) (145) 

T h e above g r o u p s of s y n t h e t i c c o m p o u n d s a r e r e p r e s e n t a t i v e 

of only a few of t h e o r g a n i c s u b s t a n c e s t h a t have b e e n t e s t e d f o r p h y t o -

b i o l o g i c a l a c t i v i t y . L i t e r a l l y t h o u s a n d s of c o m p o u n d s have b e e n s y n -

t h e s i z e d in the s e a r c h f o r s y n t h e t i c g r o w t h r e g u l a t i n g s u b s t a n c e s . 

An e x a m p l e of t h i s t ype of r e s e a r c h i s r e f l e c t e d in the w o r k of 

T h o m p s o n et a l . (144) in w h i c h 1, 060 new c h e m i c a l c o m p o u n d s w e r e 

s y n t h e s i z e d e x p r e s s l y f o r the p u r p o s e of u s e in p l a n t g r o w t h r e g u l a -

t i o n a c t i v i t y t e s t s . A t t e m p t s to q u a n t i t a t e t h e g r o w t h - r e g u l a t i n g 

a c t i v i t y of c o m p o u n d s w e r e in i t i a t ed in 1928 by Wen t in h i s d e s i g n of 

the A v e n a c u r v a t u r e t e s t . T h i s t e s t i s b a s e d on the c u r v a t u r e induced 

in d e c a p i t a t e d oat c o l e o p t i l e s w h e n t h e s u b s t a n c e a b s o r b e d in a g a r 

b locks i s p l a c e d a s y m m e t r i c a l l y on the cu t s u r f a c e . S ince t h a t t i m e , 

m a n y t e s t s have b e e n d e v i s e d w h i c h d e t e c t and a s s e s s t h e p h y s i o -

l o g i c a l r e s p o n s e s t h a t o c c u r w h e n o r g a n s of p l a n t s o r s e c t i o n s of 

p l an t t i s s u e a r e e x p o s e d to g r o w t h r e g u l a t o r s . T h e s e t e s t s a r e t h e 

oat (Avena , s p . ) o r w h e a t ( T r i t i c u m , s p . ) s t r a i g h t g r o w t h t e s t , 



pea cu rva t ive t e s t , t o m a t o leaf ep inas ty t e s t , t oma to p a r t h e n o c a r p y 

t e s t , root cut t ing elongat ion t e s t s , dwarf c o r n and pea t e s t s , 

t i s s u e p ro t e in and ch lorophyl l t e s t s , and s e e n ge rmina t i on t e s t s (151), 

Two of the mos t r ecen t ly p roposed a s s a y s involve the hyponas t ic 

r e s p o n s e of bean plant leaf b lades (96), and a r ap id , t r i p l e - t e s t r e g i m e 

which inc ludes a Ch lo re l l a and s o r g h u m , c u c u m b e r , oat b i o a s s a y (86). 

Because of the d i f f e r e n c e s in morpho log ica l c h a r a c t e r i s t i c s and 

enzyme c o m p l e m e n t s in d i f f e r e n t s p e c i e s of p lan t s , t h e r e may be qua l i -

ta t ive and quant i ta t ive r e s p o n s e s in d i f f e r e n t p lants to a s ingle c o m -

pound. T h e r e f o r e , informat ion r e g a r d i n g the e f fec t of a growth 

regu la t ing compound on a spec i f i c plant type is b e s t obtained by an 

in tac t , growing plant a s s a y (115). 

Organ ic c h e m i s t r y b e c a m e a u s e f u l tool to the plant phys io lo-

gis t in tha t it could p rov ide f o r the syn thes i s of a s e r i e s of compounds 

tha t d i f f e r e d s l igh t ly f r o m a b io logica l ly ac t ive p a r e n t compound. 

T h e s e compounds could then be t e s t ed f o r plant growth ac t iv i ty and a 

s y s t e m a t i c a n a l y s i s made to d e t e r m i n e what m o l e c u l a r subs t i tuen t s 

a r e n e c e s s a r y f o r phys io log ica l ac t iv i ty . Resu l t s f r o m the se s y s -

t e m a t i c s tud ies s t rong ly sugges t that compounds which d e m o n s t r a t e 

a high d e g r e e of growth regu la t ing capabi l i ty usua l ly include the f o l -

lowing m o l e c u l a r subs t i tuen t s or con f igu ra t i ons . 



1. A c a r b o x y l group. Although a compound may exhibit 

ac t iv i ty in the absence of c a rboxy l g roup in the mo lecu l e , it a p p e a r s 

to be a n e c e s s a r y cons t i tuen t f o r a compound to p o s s e s s a high d e g r e e 

of growth regu la t ing ac t iv i ty (148). 

2 . A r ing s y s t e m containing a t l e a s t one double bond. 

This hypothes is has r ece ived suppor t f r o m e x p e r i m e n t s such a s those 

conducted by Went (158) which involved the t e s t ing of compounds 

which w e r e s i m i l a r in s t r u c t u r e with the except ion of p r e s e n c e or 

ab sence of one double bond. The ac t ive s u b s t a n c e had one double 

bond a d j a c e n t to the s ide cha in . 

3. P r e s e n c e of a hydrogen a t o m on the c a r b o n which is 

a lpha to the c a r b o x y l group. Studies which include i so tope and halogen 

subs t i tu t ion of a lpha hydrogen a t o m s indica te tha t th is g e n e r a l i z e d 

ru le f o r s t r u c t u r a l ac t iv i ty is a val id one (134, 58). 

As p a r t of a s tudy des igned to add m o r e i n f o r m a t i o n to the 

growing input of data conce rn ing m o l e c u l a r s t r u c t u r e v e r s u s plant 

growth ac t iv i ty , Sa rgen t (125) syn thes i zed a s e r i e s of o rgan ic , 

i s o t e r i c compounds which c o n f o r m e d to the p r e v i o u s l y d e s c r i b e d 

c r i t e r i a f o r plant growth ac t iv i ty . 

T h e s e compounds , 0 - [ N - ( p - c h l o r o p h e n y l ) c a r b a m o y l ] - 3 -

hydroxy-p rop ion ic ac id , 1 N- [N- (p -ch lo ropheny l ) c a r b a m o y l ] - p -

''"The abb rev ia t ion CCH wil l be used f o r f u t u r e r e f e r e n c e to 
this compound. 
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n o 

a lan ine , and 4 - c h l o r o g l u t a r a n i l i c acid (F igu re 1), had not been 

t e s t ed f o r growth regula t ing ac t iv i ty in h igher p l an t s . P re l iminary-

s tud ies indicated that t h e s e compounds p o s s e s s e d s o m e ac t iv i ty 

(90) and it was decided tha t addi t iona l e x p e r i m e n t s should be conducted 

to c h a r a c t e r i z e f u r t h e r the e f f ec t s of t h e s e s u b s t a n c e s in a whole plant 

a s s a y . 

Se lec t ion of the plant s p e c i e s used f o r this r e s e a r c h was 

based in p a r t on the c o m m e r c i a l i m p o r t a n c e and food s o u r c e potent ia l 

of sun f lower p lants (Helianthus annuus , L. ). Sunf lowers a r e f i f th 

in wor ld p roduc t ion of seed oils and it is p robab le that c e r t a i n s p e c i e s 

wi l l b e c o m e u s e f u l a s s t ap l e s in plant p ro t e in s (128), C u r r e n t 

s tud ies a r e unde rway to e s t a b l i s h sunf lower s e e d s and l eaves as an 

e c o n o m i c a l and nu t r i t i ous s o u r c e of f a t ty ac ids and p ro t e in f o r l i v e -

s tock (106). 

Two b a s i c a p p r o a c h e s a r e be ing employed in an a t t emp t to 

i m p r o v e the n u t r i t i o n a l c h a r a c t e r i s t i c s of s u n f l o w e r s . T h e s e include 

the t r e a t m e n t of s eeds and whole plants with c h e m i c a l compounds 

which might a l t e r growth c h a r a c t e r i s t i c s in the p a r e n t s t r a i n and 

2 
The abbrev ia t ion CCA wil l be used f o r f u t u r e r e f e r e n c e to 

th is compound. 

3 
The abb rev ia t ion CGA wi l l be used f o r f u t u r e r e f e r e n c e to 

th i s compound. 
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H O O 
• ii II 

CI- -N-C-_0_-CH 2 CH 2 -C-0H 

O - N - ( p - c h l o r o p h e n y l ) c a r b a m o y l -3-hydroxy-propionic ac id (CCH) 

H O H O 

CI- A-N-C-_N_-CH2CH2-C-OH 

N- N - ( p - c h l o r o p h e n y l ) c a r b a m o y l - |3-alanine (CCA) 

H O O 

CI- - N - C - C H 2 C H 2 C H 2 - C - O H 

4 - c h l o r o g l u t a r a n i l i c acid (CGA) 

F i g . 1 - -Subs t i t u t ed i s o s t e r i c compounds . T h e s e c o m -
pounds a r e s i m i l a r in cons t ruc t i on , with the except ion of oxy, 
a m i n e , and methylene subs t i tuen t s o c c u r r i n g at the u n d e r s c o r e d 
pos i t ions . 
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s u b s e q u e n t g e n e r a t i o n s , and wh ich w i l l r e s u l t in p l an t s of the M3 

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

a s s h o r t s t e m s , b i g g e r d i a m e t e r of t h e i r c a l a t h i d e , h i g h e r s e e d 

p r o d u c t i v i t y , and h i g h e r h u s k and oi l c o n t e n t s (135, 133). T h e o t h e r 

p r o c e d u r e i s by conduc t ing b r e e d i n g e x p e r i m e n t s w h i c h would r e s u l t 

in a m o r e n u t r i t i o n a l l y d e s i r a b l e l ipid and a m i n o a c i d c o m p o s i t i o n 

(81). B e c a u s e of the i n c r e a s i n g i m p o r t a n c e of s u n f l o w e r p l an t s a s 

p r e v i o u s l y c i t e d , and the a v a i l a b i l i t y of a new s e r i e s of p o t e n t i a l 

g r o w t h r e g u l a t i n g c o m p o u n d s the fo l lowing e x p e r i m e n t s w e r e c o n -

duc t ed and a r e r e p o r t e d h e r e i n . 

T h e b a s i c p u r p o s e of t h i s r e s e a r c h e f f o r t is t o add a s i g n i -

f i c a n t p i e c e of da t a to the body of knowledge r e g a r d i n g p lan t g r o w t h 

r e g u l a t i o n . 



C H A P T E R II 

M A T E R I A L S AND METHODS 

B i o a s s a y Method E m p l o y i n g So i l G r o w n P l a n t s 

U n t r e a t e d s e e d s ( T u r t o x 70VII) f r o m s u n f l o w e r p l a n t s 

(He l i an thus a n n u u s , L . ) w e r e p lan ted in 23 x 26 x 8 c m w o o d e n f l a t s 

f i l l e d w i th c o m p o s t e d s o i l wh ich c o n s i s t e d of one p a r t of p e a t m o s s and 

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

r e c e i v e d a p p r o x i m a t e l y 800 f t - c of l ight f r o m f i x t u r e s l oca t ed 15 c m 

v e r t i c a l l y above the f l a t s w h i c h c o n t a i n e d f o u r e a c h , 40 w, F 4 0 D 

W e s t i n g h o u s e f l u o r e s c e n t l a m p s . Con t inuous i l l u m i n a t i o n w a s p r o -

v ided t h r o u g h o u t the g rowing p e r i o d w i th l ight f i x t u r e s b e i n g r a i s e d 

to m a i n t a i n an a p p r o x i m a t e l y c o n s t a n t d i s t a n c e of 15 c m b e t w e e n 

p lan t t ops and l ight s o u r c e . T o i n s u r e a r e l a t i v e l y e q u i v a l e n t i l l u -

m i n a t i o n to a l l p l a n t s , b o x e s w e r e r o t a t e d 180 d e g r e e s e v e r y 12 h o u r s 

w i th r e s p e c t to long a x i s of l ight tube s o u r c e . A i r t e m p e r a t u r e w a s 

26 t 2 ° C . F i v e h u n d r e d m l of t a p w a t e r w a s added to e a c h f l a t a t 

12 h r . i n t e r v a l s . T e n d a y s a f t e r s e e d i m p l a n t a t i o n , p l a n t s w e r e 

cu l led l e a v i n g a popu la t ion of 2 0 p l an t s p e r box w h i c h w e r e a l l o c a t e d 

a s 10 t e s t and 10 c o n t r o l p l a n t s . 

13 
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To quant i ta te the e f fec t of t e s t compounds as growth r e g u l a -

t o r s , plant m e a s u r e m e n t s w e r e t aken at 3 day i n t e r v a l s fol lowing 

t r e a t m e n t with a m m r u l e r using so i l s u r f a c e and s t e m m e r i s t e m apex 

as r e f e r e n c e po in ts . M e a s u r e m e n t p r e c i s i o n was t 3 m m . Values 

f o r the t e s t and c o n t r o l p lants w e r e a v e r a g e d and r e p o r t e d as 

a v e r a g e to ta l plant height in c m or as p e r cent of c o n t r o l height 

v a l u e s . 

B i o a s s a y Method Employing S e e d - P a k Cult ivated P lan t s 

F o r a l l growth s tud ies ut i l iz ing the diSPo* No, B1220 Seed -

P a k growth pouch, the fol lowing p r o c e d u r e was fo l lowed: Unt rea ted 

seed (Tur tox 70VII) f r o m sunf lower p lants (Helianthus annuus , L. ) 

w e r e planted and 20 m l de - ion ized w a t e r w e r e added. T h r e e days 

fol lowing plant ing, pouches w e r e examined f o r p r e s e n c e of u n g e r -

minated s e e d s which w e r e r e m o v e d . Th i s p r o c e d u r e e l imina ted the 

n e c e s s i t y of p r e - w a s h i n g s eeds with an an t imyco t i c agent . I l l umina -

t ion method was the s a m e a s that d e s c r i b e d f o r so i l grown plants 

with the except ion tha t l ight d i s t ance to plant tops was mainta ined at 

12 c m ins tead of 15 c m . De- ion ized w a t e r was added to main ta in 

an a p p r o x i m a t e vo lume of 20 m l pe r pouch. . Seven days fol lowing 

^diSPo is a t r a d e m a r k of Sc ient i f ic P r o d u c t s Divis ion of 
A m e r . Hosp. Supp. C o r p . 
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plant ing, a l l pouches w e r e d ra ined and 30 m l of the t e s t solut ion 

added to each pouch. F ive days a f t e r t r e a t m e n t , 20 ml of a nu t r i en t 

solut ion (107) w e r e added to the exis t ing pouch con ten t s . Con t ro l 

p lants r ece ived w a t e r and nu t r i en t so lu t ions only. Ten days fol lowing 

appl ica t ion of t e s t so lu t ions , plant m e a s u r e m e n t s w e r e t aken us ing the 

top edge of the pouch seed t rough and the s t e m m e r i s t e m apex as 

r e f e r e n c e po in ts . M e a s u r e m e n t p r e c i s i o n was t 2 m m . Values 

f o r plants w e r e a v e r a g e d and r e p o r t e d a s a v e r a g e to ta l plant height 

in c m or p e r cent of c o n t r o l height v a l u e s . 

B i o a s s a y Method Employing an Ine r t -So l id S u b s t r a t e 

F o r growth s tud ies involving V e r m i c u l i t e s u b s t r a t e , condi -

t ions w e r e the s a m e a s those d e s c r i b e d f o r so i l grown b i o a s s a y s with 

the except ion of so i l r e p l a c e m e n t with V e r m i c u l i t e and nu t r i en t s o l u -

t ion being added 3 days fol lowing g e r m i n a t i o n of seed l ings and at 

6 day i n t e r v a l s t h e r e a f t e r t i l l comple t ion of the e x p e r i m e n t . 

P r e p a r a t i o n of T e s t Compounds and Solutions 

The t e s t compounds , CCH, CCA, CGA (Fig. 1), w e r e p r e -

pa red as d e s c r i b e d by Sa rgen t (125). 4 - c h l o r o s u c c i n a n i l i c ac id , 

4 - c h l o r o m a l o n a n i l i c ac id , 4ch lorooxani l i c ac id , and 4ch lo roan i l ine 

(Fig . 13) w e r e p r e p a r e d by the methods of Baru f inn i (14), Baru f inn i 

(12), Ba ru f inn i (13), and Thompson (144) r e s p e c t i v e l y . T e s t 
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solut ions w e r e p r e p a r e d by d i sso lv ing su f f i c ien t quant i ty of a c o m -

pound in de - ion i zed w a t e r to produce the d e s i r e d concen t r a t i on . All 

t e s t solut ions used f o r f o l i a r appl ica t ion contained 0. 1 p e r cent Tween 

20 (polyoxyethylene (20) s o r b i t a n mono lau ra t e ) to f ac i l i t a t e a b s o r p -

t ion. Compounds w e r e applied by sp ray ing l eaves to point of w e t n e s s 

with a Kontes 40 ml a t o m i z e r . 

D a r k Growth E x p e r i m e n t s 

N o n - t r e a t e d sunf lower s eeds w e r e al lowed to g e r m i n a t e in a 

non- i l l umina ted Sa rgen t incuba tor at 27° C i 0. 5° , and at 4 days of 

age r ece ived t e s t so lu t ions . Two days l a t e r to ta l plant height m e a -

s u r e m e n t s w e r e t aken . In an e f f o r t to r educe the v i s ib le light ene rgy 

s p e c t r u m to a m i n i m u m , a l l n e c e s s a r y plant manipu la t ions w e r e 

accompl i shed in the p r e s e n c e of a 50 wat t tungs ten bulb f i l t e r e d 

th rough 3 l a y e r s of duPont 300 MSC red ce l lophane . Fol lowing the 

d a r k growth e x p e r i m e n t a l pe r iod , p lants w e r e exposed to light condi -

t ions as p r ev ious ly d e s c r i b e d f o r Seed -pak growth s t u d i e s , and o b s e r -

va t ions made to de tec t the r a t e of e t io la ted plant g reen ing . 

Supplementa t ion Studies 

In the c a s e of supp lementa t ion s tud i e s , S e e d - P a k grown 

sunf lower seed l ings w e r e d ra ined of the aqueous solut ion at 7 days 

fol lowing seed ge rmina t i on and an inhib i tory concen t ra t ion of CGA 
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(10~ 4 M) was added to the pouches . In addition, an equ imolar c o n -

centrat ion of e i ther 6 - B A P , GA, 'or LAA was added to the nutrient 

so lut ion. Two per cent so lut ions of g l u c o s e and s u c r o s e w e r e a l s o 

t e s t ed . Plant growth r e s p o n s e was m e a s u r e d in t e r m s of total plant 

height, and the resu l t s s u m m a r i z e d in Table 7. If a supplementa l 

t e s t compound potentiated the inhibitory e f f ec t of CGA, it was reported 

as pos i t ive augmentat ion. If the t e s t compound reduced or prevented 

the inhibitory e f f ec t of CGA, it w a s reported as pos i t ive b lockage . 

P h y s i c a l M e a s u r e m e n t and Vi sua l Examinat ion of Leaf T i s s u e 

P h y s i c a l m e a s u r e m e n t s and examinat ion of leaf t i s s u e w e r e 

a c c o m p l i s h e d by staining 1 p, s e c t i o n s with Paragon m e t a c h r o m a t i c 

stain and taking m e a s u r e m e n t s with a Nikon m i c r o s c o p e f i t ted with a 

Unitron Ke 10X ocular m i c r o m e t e r and 20X Nikon object ive . 

T i s s u e Ul tras tructure Examinat ion 

E l e c t r o n micrograph s tudies of ch lorop las t u l tras tructure 

w e r e c a r r i e d out in the fo l lowing manner . T e n - d a y - o l d s o i l grown 

p lan t s r e c e i v e d f o l i a r a p p l i c a t i o n of 10 M CGA and 10 d a y s fo l lowing 

t r e a t m e n t , 1 c m leaf d i s c s w e r e punched f r o m a r e a s a d j a c e n t to the 

m i d r i b . T i s s u e s w e r e f i xed in a 5 p e r c e n t b u f f e r e d s o l u t i o n of 

g l u t e r a l d e h y d e , i m p r e g n a t e d wi th o s m i u m t e t r o x i d e , d e h y d r a t e d w i th 

e t h a n o l , t r e a t e d wi th p r o p y l e n e oxide and e m b e d d e d in Epon 812 r e s i n 
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(98). S e c t i o n s w e r e cut on a P o r t e r - B l u m M T - 2 U l t r a m i c r o t o m e , 

m o u n t e d on 300 m e s h g r i d s , and s t a i n e d w i t h u r a n y l a c e t a t e and lead 

c i t r a t e . S p e c i m e n s w e r e e x a m i n e d wi th a n R C A - 3 6 e l e c t r o n m i c r o -

s c o p e f i t t e d w i t h 250-p, c o n d e n s o r and 50-|j, o b j e c t i v e a p e r t u r e s . Two 

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

m a k i n g a t o t a l of 18 c o n t r o l and 20 e x p e r i m e n t a l s p e c i m e n s e x a m i n e d . 

Photography-

P h o t o g r a p h s a p p e a r i n g in F i g u r e s 3 and 4 w e r e t a k e n wi th a 

Y a s h i c a , J - 5 , 35 m m c a m e r a f i t t ed w i t h a 1:1. 8 l ens and a No. 2 

e x t e n s i o n t u b e . F i l m used w a s K o d a c h r o m e II , K 1 3 5 - 2 0 and s e t t i n g s 

e m p l o y e d w e r e f / 4 a t 1 /125 s e c . 

Leaf C h e m i s t r y - - S o l u b l e S u g a r s 

T e n - d a y - o l d s o i l g r o w n p l an t s r e c e i v e d f o l i a r a p p l i c a t i o n of 

- 3 

a 10 M c o n c e n t r a t i o n of CGA, and 10 d a y s a f t e r t r e a t m e n t , 12 m m 

d i s c s w e r e punched f r o m a f f e c t e d s e c o n d a r y l e a v e s of t r e a t e d and c o n -

t r o l p l a n t s . I m m e d i a t e l y fo l lowing cu t t i ng of leaf d i s c s to be u sed in 

s u g a r a n a l y s i s , s a m p l e s w e r e p l a c e d in a B o e k e l M o d e l 1078 h o t - a i r -

oven a t 5 5 ° C to p r e v e n t e n z y m a t i c a u t o l y s i s of t i s s u e c o m p o u n d s . 

W e i g h i n g s w e r e t a k e n a t v a r i o u s i n t e r v a l s on d r y i n g leaf s a m p l e s to 

d e t e r m i n e t i m e r e q u i r e d to give c o n s t a n t d r y w e i g h t s . P r e c i s i o n 

e r r o r in w e i g h t of d r y leaf s a m p l e s w a s t 0. 05 m g . D r i e d leaf 
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s a m p l e s w e r e h o m o g e n i z e d in 5 m l of d i s t i l l e d w a t e r wi th a P o t t e r -

E l v e h j e m T e f l o n g r i n d e r f o r 5 m i n a t 3000 r p m and f i l t e r e d t h r o u g h 

"Whatman No. 5 p a p e r . M i c r o s c o p i c e x a m i n a t i o n of h o m o g e n a t e c o n -

c e n t r a t e s r e v e a l e d no i n t ac t c e l l s w i th d e b r i s c o n s i s t i n g of c e l l w a l l 

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

c o n c e n t r a t e s e x a m i n e d showed a m o r p h i s d e b r i s of a p p r o x i m a t e l y 7 p, 

o r l e s s in s i z e . Leaf s a m p l e h o m o g e n a t e s w e r e q u a n t i t a t i v e l y t e s t e d 

f o r h y d r o l y z a b l e r e d u c i n g s u g a r s by the m i c r o c o l o r i m e t r i c p h e n o l -

s u l f u r i c a c i d m e t h o d (38). One m l of h o m o g e n a t e s o l u t i o n w a s added 

to 1 m l of 5 p e r cen t r e a g e n t g r a d e p h e n o l p r e p a r e d wi th g l a s s d i s t i l l e d 

w a t e r . T o t h i s m i x t u r e w a s added 5 m l of c o n c e n t r a t e d s u l f u r i c a c i d . 

The m i x t u r e w a s i ncuba t ed a t 2 7 ° C f o r 20 m i n and c o l o r r e a d on a 

B a u s c h and L o m b S p e c t r o n i c 20 a t 490 m|j,, w h i c h is t he m a x i m u m 

a b s o r p t i o n r e p o r t e d f o r h e x o s e s and t h e i r m e t h y l a t e d d e r i v a t i v e s . 

T o d e t e r m i n e the p r e c i s i o n of t h e c o l o r i m e t r i c t e c h n i q u e e m p l o y e d , 

s e v e n 50 m i c r o g r a m g l u c o s e knowns w e r e a n a l y z e d w h i c h y i e lded 

a n a v e r a g e o p t i c a l d e n s i t y of 0. 428 t 0. 015. T h e S tuden t s " t " 

t e s t s t a t i s t i c a l m o d e l w a s app l i ed to d a t a u s i n g c o m b i n e d s a m p l e 

d e g r e e s of f r e e d o m ( N j + N2 - 1) and p r o b a b i l i t y l e v e l of 0 . 0 5 . A 

t e s t f o r the s p e c i f i c i t y of s u g a r a s s a y e m p l o y e d w a s p r e p a r e d by 

add ing known a m o u n t s of g l u c o s e s t a n d a r d to so lu t ions of c o n t r o l leaf 

t i s s u e h o m o g e n a t e s f o r w h i c h s u g a r v a l u e s had b e e n ob t a ined . T o t a l 
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s u g a r content in each mix tu re was ca lcu la ted f r o m known m o l a r 

ext inct ion c o e f f i c i e n t s , and c o m p a r e d to e x p e r i m e n t a l data obtained. 

Leaf C h e m i s t r y - - E x t r a c t a b l e S t a r c h 

Leaf t i s s u e to be ana lyzed f o r s t a r c h content was obtained and 

homogena te s a m p l e s p r e p a r e d as d e s c r i b e d f o r the soluble s u g a r p r o -

c e d u r e . S t a r c h s e p a r a t i o n f r o m t i s s u e homogena tes was a c c o m -

pl i shed us ing a modif ied method a s d e s c r i b e d by M c C r e a d y (101). F ive 

m l of 80 p e r cen t EtOH was added to 5 m l quant i t i es of homogenate and 

incubated a t 70° C f o r 5 min . The s a m p l e w a s cen t r i f uged at 2500 

r p m f o r 5 min . Supe rna ten t so lu t ions w e r e d i s c a r d e d and the r e s i d u e 

was e x t r a c t e d by adding 10 ml hot (70° C) 80 p e r cent EtOH f o r 5 min . 

Sample s w e r e cen t r i fuged aga in and the s u p e r n a t e n t so lu t ion d i s c a r d e d . 

This ex t r ac t i on p rocedure was r epea t ed 3 t i m e s to i n s u r e r e m o v a l 

of soluble s u g a r s f r o m r e s i d u e . The r e s i d u e w a s t r e a t e d with 3. 5 

ml 52 p e r cent p e r c h l o r i c ac id to so lubi l ize s t a r c h , incubated a t 

r o o m t e m p e r a t u r e f o r 15 minu t e s , and cen t r i fuged at 2500 r p m f o r 

5 min . The s u p e r n a t e n t solut ion conta ining the d iges ted s tarch e x t r a c t 

w a s co l lec ted in a 25 m l v o l u m e t r i c f l a s k and the s t e p r epea t ed us ing a 

30 min incubat ion t i m e . De- ion ized w a t e r w a s added to the v o l u m e -

t r i c f l a s k to b r i n g the f ina l so lu t ion up to 25 m l . One m l of th is 

e x t r a c t i o n solu t ion was r e c o v e r e d fol lowing f i l t r a t i o n th rough Whatman 
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No. 1 p a p e r and exposed to the p h e n o l - s u l f u r i c ac id c o l o r i m e t r i c 

p r o c e d u r e p r ev ious ly d e s c r i b e d . 

Leaf C h e m i s t r y - - S t a r c h Content v s . Growth Inhibi t ion 

T e n - d a y - o l d so i l grown plants r ece ived f o l i a r app l ica t ion of 

the t e s t compound and leaf d i s c s w e r e punched at da i ly i n t e rva l s 

f r o m a f fec t ed s econda ry l eaves and ana lyzed f o r e x t r a c t a b l e s t a r c h . 

Daily to ta l plant height m e a s u r e m e n t s w e r e a l s o t aken and r e c o r d e d 

along with s t a r c h va lues in F i g u r e 13. Data r e p r e s e n t s a v e r a g e of 

a t l e a s t 6 t r e a t e d and con t ro l individual s t a r c h ana ly s i s va lues f o r 

each dai ly i n t e r v a l and plant height m e a s u r e m e n t s r e p r e s e n t a v e r a g e s 

of t r i p l i c a t e e x p e r i m e n t s cons i s t ing of 10 plants each . 

Leaf C h e m i s t r y - - S o l u b l e P r o t e i n s 

Much r e p o r t e d i n fo rma t ion r e g a r d i n g plant p ro t e in s is based 

on m e a s u r e m e n t of the n i t rogen content of p ro te in ; however , as n i t r o -

gen is found in c e l l u l a r cons t i tuen ts o ther than p ro t e ins such as s o l u -

ble amino ac ids and nuc le ic a c i d s , it is n e c e s s a r y in n i t rogen d e t e r -

mina t ions to e f f ec t s e p a r a t i o n of the p ro t e in s f r o m o ther n i t rogen 

containing compounds . Also , it is r e p o r t e d tha t t h e r e is found to be 

a d i r e c t c o r r e l a t i o n between the amount of n i t r ogen which can be 

m e a s u r e d and the d i f f i cu l ty of the technique (74). 
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S e v e r a l methods a r e r e p o r t e d as being " r a p i d " or 

" m i c r o - t e c h n i q u e s " but w e r e r e j e c t e d b e c a u s e they e i t h e r r e q u i r e 

l a r g e amounts of m a t e r i a l (in the range of 0. 5 to 1 gm) or r e q u i r e 

p ro te in e x t r a c t i o n s t eps (15, 100, 114, 120, 122). A f t e r c a r e f u l 

examina t ion of the data r e p o r t e d by Lowry (97) on the Fo l i n -pheno l 

method of p ro te in d e t e r m i n a t i o n it s e e m e d tha t th is t echnique , by 

v i r t ue of i ts spec i f i c i t y and lack of i n t e r f e r e n c e by v a r i o u s non-

p ro te in compounds , would be an accep tab le p r o c e d u r e , if c a r e f u l l y 

va l ida ted . 

B e c a u s e of the p r o b l e m s r e l a t ed to c e r t a i n b i o c h e m i c a l 

t e s t s in plant t i s s u e a s p r ev ious ly noted , it was n e c e s s a r y to va l ida te 

the e f f e c t i v e n e s s of the Lowry t e s t f o r p ro t e in by d e t e r m i n i n g if the 

c rude homogena te f r o m plant l eaves a b s o r b e d at the s p e c t r a l f r e q u e n c y 

of 750 m|j, which is used in the t e s t ing p r o c e d u r e . Leaf t i s s u e 

s a m p l e s obtained as p r ev ious ly d i s c u s s e d f o r soluble s u g a r s w e r e 

homogenized in 3 m l of d i s t i l l ed w a t e r at r o o m t e m p e r a t u r e with a 

P o t t e r - E l v e h e j e m Tef lon g r i n d e r f o r 5 min a t 2500 r p m . Crude 

homogenate was then cen t r i fuged at 3000 r p m f o r 15 min in an I n t e r -

na t iona l Equ ipmen t Company Model C L c l in i ca l c e n t r i f u g e . One m l 

a l iquots w e r e ana lyzed in a Coleman Model 124 Hi tach i D o u b l e - B e a m 

Gra t ing S p e c t r o p h o t o m e t e r f i t ted with a Model 165 S t r i p C h a r t 

R e c o r d e r . Condit ions f o r the scan w e r e c h a r t speed 20 m m / m i n , 
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input 5 mv, and s c a n 800 to 220 m^i at a r a t e of 240 m|j , /min. Resu l t s 

indicated tha t negl ig ible a b s o r b a n c e o c c u r r e d at the 750 mp, r eg ion . 

A p r o t e i n s t anda rd cu rve was e s t ab l i shed us ing Ca lb iochem 

c r y s t a l l i n e , bovine, p l a s m a a lbumin , g r a d e A, Lot 802136, e l e c t r o -

phore t i ca l ly pu re with a pH of 5. 1 and m o i s t u r e content of l e s s than 5 

p e r cent , and an a s h and c a r b o h y d r a t e content of 0. 05 p e r cen t . 

F i f t y , 75, 100, 250, and 500 (j,g s a m p l e s w e r e p r e p a r e d by d i s so lv ing 

an a p p r o p r i a t e amount of c r y s t a l l i n e a lbumin in d i s t i l l ed w a t e r . One 

m l a l iquots of each s t anda rd w e r e t r a n s f e r r e d to 15 x 120 m m tubes 

to which was added 1 m l of Lowry Reagent A which cons i s t ed of 1 ml 

1% aqueous C u S O ^ S H ^ O , w / v , 1 ml 2% Sodium T a r t r a t e , w / v , and 

100 ml 2% Na2CC>3, w / v . A f t e r 10 min pe r iod , 5 ml of 1 N F o l i n -

Cioca l t eau r eagen t was added, al lowed to incubate a t 27 C f o r 45 min, 

and then p e r cent T r e c o r d e d at a wavelength of 750 mjj,. 

One m l s a m p l e s of c o n t r o l and t e s t t i s s u e homogena tes w e r e 

t r e a t e d as d e s c r i b e d above and p e r cent T va lues obta ined. F i n a l 

va lues w e r e e x p r e s s e d a s p,g of Bovine P l a s m a Albumin (BPA) p r o -

te in equiva lents p e r mg of leaf t i s s u e d r y weight . P r e c i s e opt ica l 

dens i ty (L = 2 - log 6) aga ins t ga lvanome t r i c r ead ings (%T). Using 

the a v e r a g e m o l a r ext inct ion coef f ic ien t (E) ca lcu la ted f r o m 

s t a n d a r d c u r v e data and the f o r m u l a concen t r a t i on equals opt ica l 

dens i ty divided by the ext inct ion coe f f i c i en t E , concen t r a t ion of 
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p ro te in p e r 1 ml of t i s s u e homogenate was obtained and mult ipl ied 

t i m e s t h r e e to obtain the to ta l amount of soluble p ro t e in r e su l t i ng 

f r o m homogeniza t ion of each s a m p l e leaf d i sc in 3 ml of d i s t i l l ed 

w a t e r . Th i s va lue , r e p r e s e n t i n g the to ta l amount of soluble p ro te in , 

was then divided by d r y weight of leaf s a m p l e s to obtain the f ina l 

r e p o r t e d value of p,g of soluble p ro te in BPA e q u i v a l e n t s / m g of leaf 

t i s s u e d r y weight (p,g BPA p r o t e i n / m g d r y weight) . 

To t e s t f o r the spec i f i c i t y of the Lowry t e s t f o r p ro te in in 

c r u d e leaf t i s s u e homogena te an "addi t ion" t e s t was p e r f o r m e d . 

This p r o c e d u r e cons i s t ed of t e s t i ng a su i tab le n u m b e r of leaf t i s s u e 

s p e c i m e n s to obtain p ro t e in va lues and then adding a known amount of 

BPA p ro t e in to a l iquot por t ions of leaf t i s s u e homogenate s a m p l e . 

T h e o r e t i c a l va lues ca lcu la ted f r o m the t e s t f o r p ro t e in in homogenate 

a l iquots plus the amount of BPA p r o t e i n added w e r e r e c o r d e d and 

c o m p a r e d to va lues obtained by t e s t ing addi t ion s a m p l e s . A c o m p a r i -

son of ca lcu la ted v e r s u s e x p e r i m e n t a l va lues f r o m t e s t s r e v e a l s an 

a v e r a g e range of t 2. 5 jj,g of d i f f e r e n c e s . These data r evea led that 

if a known amount of BPA p ro t e in (50 (j,g) is added to a c r u d e leaf 

t i s s u e homogenate f o r which the soluble p ro te in va lue has been d e t e r -

mined (40 |ig), the r e s u l t a n t value of the "addi t ion" m i x t u r e d e t e r -

mined by the Lowry method wi l l be 90 (j,g i 2. 3 |ig. This i n fo rma t ion 

sugges t s that s u b s t a n c e s o ther than p ro t e ins in c r u d e sunf lower leaf 
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t i s s u e h o m o g e n a t e do not g r e a t l y a f f e c t the s p e c i f i c i t y of the L o w r y 

p r o t e i n t e s t . A n a l y s i s of t h r e e a l i quo t p o r t i o n s f r o m an e x p e r i m e n t 

c o n s i s t i n g of s i x i nd iv idua l t i s s u e h o m o g e n a t e s a m p l e s g ives good 

r e p r o d u c t i b i l i t y of so lub le p r o t e i n v a l u e s . T h e a v e r a g e r a n g e w a s 

± 2 . 8 (j,g of BPA p r o t e i n e q u i v a l e n t s . 

Leaf C h e m i s t r y - - E x t r a c t a b l e F a t t y A c i d s 

CGA t r e a t e d and c o n t r o l t i s s u e s w e r e ob ta ined a s d e s c r i b e d 

f o r so lub l e h e x o s e s t u d i e s . F r e s h t i s s u e w a s w e i g h e d and g round in 

5 m l of c h l o r o f o r m - m e t h a n o l (2:1, v / v ) u s i n g P o t t e r - E l v e h e j e m 

T e f l o n g r i n d e r f o r 5 m i n a t 5000 r p m . T h e h o m o g e n a t e w a s c e n t r i -

fuged a t 3000 r p m f o r 15 m i n and the s u p e r n a t e n t s o l u t i o n c o l l e c t e d . 

R e s u s p e n s i o n of t h e s e d i m e n t w a s c a r r i e d out u s i n g an a d d i t i o n a l 5 m l 

of c h l o r o f o r m - m e t h a n o l and the s u p e r n a t e n t s o l u t i o n s poo l ed . F i v e 

m l of the e x t r a c t i o n so lu t ion r e c e i v e d 1 /2 m l of a C j y i n t e r n a l 

s t a n d a r d and w a s e v a p o r a t e d to d r y n e s s w i t h n i t r o g e n u s i n g a 4 0 ° C 

w a t e r b a t h . T h e C17 s t a n d a r d c o n s i s t e d of 1 m g / m l of h e p t a d e c a n o i c 

ac id (Appl ied S c i e n c e L a b o r a t o r i e s ) in m e t h a n o l . T w o m l of 0 . 5 

N NaOH in m e t h a n o l w a s added to the r e s i d u e and t h e c l o s e d tube 

p l a c e d in bo i l ing w a t e r f o r 5 m i n . A f t e r coo l ing to r o o m t e m p e r a -

t u r e , t h r e e m l of BCl-^ ( 1 0 % ) - C H 3 O H (Applied S c i e n c e L a b o r a t o r -

i e s ) w a s a d d e d , and t h e c l o s e d t ube w a s h e a t e d f o r 2 m i n a t 100° C 
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(104). T h e tube w a s coo led and the c o n t e n t s t r a n s f e r r e d to a 30 m l 

s e p a r a t o r y f u n n e l . T h e s c r e w - c a p tube w a s w a s h e d w i th 10 m l of 

c h l o r o f o r m w h i c h w a s t hen added to the s e p a r a t o r y f u n n e l , f o l l owed 

by 3 m l of d e - i o n i z e d w a t e r . T h e c h l o r o f o r m p h a s e w a s e v a p o r a t e d 

w i th n i t r o g e n and 0. 5 m l of c h l o r o f o r m w a s added to the r e s i d u e . 

T w o m i c r o l i t e r s of the s a m p l e w e r e i n j e c t e d in to an A e r o -

g r a p h gas c h r o m a t o g r a p h ( Y a r i a n A s s o c i a t e s , P a l o A l t o , C a l i f o r n i a ; 

M o d e l 2 0 4 - 1C) w i th a f l a m e i o n i z a t i o n d e t e c t o r . C o l u m n s (5 f t . 

x 1 / 8 inch) c o n t a i n i n g 15 p e r c e n t d i e t h y l e n e g lyco l s u c c i n a t e p o l y -

e s t e r on C h r o m o s o r b W (60 /80 m e s h ) w e r e o p e r a t e d a t 180° C. 

D e t e c t o r and i n j e c t o r t e m p e r a t u r e s w e r e 2 2 5 ° C and the n i t r o g e n f low 

w a s 25 m l / m i n r e s p e c t i v e l y . R a n g e w a s 1 0 " ^ and a t t e n u a t i o n w a s 

16. A r e a s of p e a k s w e r e c a l c u l a t e d by m u l t i p l i c a t i o n of p e a k he igh t 

by p e a k w i d t h a t 1 /2 he igh t (69). 



CHAPTER III 

RESULTS AND DISCUSSION 

E f f e c t s of T h r e e New I s o s t e r i c Organ ic Compounds 
on Sunf lower Seedl ing Growth 

To d e t e r m i n e the r e l a t i ve ac t iv i ty of CCH, CCA, and CGA 

as g r o w t h - r e g u l a t i n g compounds , t e n - d a y - o l d , s o i l - g r o w n sunf lower 

seed l ings r ece ived a 10"^ M f o l i a r appl ica t ion of each t e s t solut ion 

and to ta l height m e a s u r e m e n t s w e r e taken at 3 - d a y i n t e r v a l s . T h r e e 

days fol lowing appl ica t ion of the compounds , m e a s u r e a b l e d e c r e a s e s 

in height had o c c u r r e d in a l l t e s t p l an t s . 2 , 4 - D t r e a t e d plants s e r v e d 

a s a r e f e r e n c e f o r r e l a t i ve potency of compounds t e s t e d . The l e a s t 

ac t ive compound, in t e r m s of to ta l height reduc t ion a s c o m p a r e d to 

c o n t r o l s , was CCH, which achieved 89 pe r cent of c o n t r o l plant 

va lues a t 18 days fol lowing t r e a t m e n t (Fig . 2). CCH, CGA, and 

2 , 4 - D plants had r eached a p p r o x i m a t e l y equivalent va lues of 75 p e r 

cent of con t ro l s by 18 days . However , a t 3, 6, 9, 12, and 15 days , 

C G A - t r e a t e d plant va lues w e r e lower than a l l o ther compounds t e s t e d . 

At 12 days p o s t - t r e a t m e n t , C G A - t r e a t e d plants w e r e m a x i m a l l y 

inhibi ted, having achieved only 60 pe r cent of c o n t r o l plant height 

v a l u e s . A l s o noted at 12 days fol lowing t r e a t m e n t w e r e obse rvab le 
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12 • 

1 0 •• H^O C o n t r o l s 

2 , 4 - D 

CGA 

CCH 4 -

CCA 

12 15 18 

Days F o l l o w i n g A p p l i c a t i o n of T e s t Compound 

F i g . 2 - - C o m p a r i s o n of g r o w t h a c t i v i t y of t h r e e s u b s t i t u t e d 
i s o s t e r i c c o m p o u n d s . T e n - d a y - o l d s o i l g r o w n s u n f l o w e r s e e d l i n g s 
r e c e i v e d a 10"^ M f o l i a r a p p l i c a t i o n of e a c h t e s t so lu t i on and t o t a l 
p l an t he igh t m e a s u r e m e n t s w e r e t a k e n a t t h r e e - d a y i n t e r v a l s . 
A 2 , 4 - D a p p l i c a t i o n w a s inc luded a s a s t a n d a r d r e f e r e n c e f o r r e l a t i v e 
p o t e n c y . Da ta r e p r e s e n t a v e r a g e v a l u e s f o r a m i n i m u m of 8 p l an t s 
p e r compound t e s t e d . 
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changes in l eaves of a l l CGA- t r ea t ed p lan t s . T h e s e changes w e r e 

found to be a l m o s t exc lus ive ly a s s o c i a t e d with new f o l i a r growth that 

o c c u r r e d a f t e r the t i m e of CGA appl ica t ion . P r i m a r y l eaves which 

rece ived f o l i a r app l ica t ion w e r e r e l a t i ve ly una f fec ted . T h e s e leaf 

a l t e r a t i o n s include upward and inward cu r l ing of m a r g i n s toward the 

m i d r i b (hyponasty) , h y p e r c h r o m i c i t y , and s u r f a c e convolut ions 

(Fig . 3). None of t h e s e c h a r a c t e r i s t i c s w e r e obse rved in con t ro l 

plant l eaves (Fig . 4). A d e s c r i p t i o n of leaf s u r f a c e changes which 

may be s i m i l a r to those obse rved in CGA t r e a t e d plants has been 

r e p o r t e d by Watson (155). The changes d e s c r i b e d by this au thor 

w e r e noted in p lants t r e a t e d with aux in - type h e r b i c i d e s , and include 

reduct ion in s i z e , and "c r ink l ing" of l e aves . "Cr ink l ing" is 

d e s c r i b e d as an a b n o r m a l leaf growth which o c c u r s when ve in 

growth is m o r e r e t a r d e d than mesophy l l growth and the l a t t e r t i s a u e 

bulges out be tween the ve ins giving l eaves a convoluted s u r f a c e . 

Ep inas t i c leaf m o v e m e n t s (cur l ing down of leaf m a r g i n s ) 

has been f r e q u e n t l y r e p o r t e d as having been obse rved when g rowth -

regu la t ing compounds have been applied to e i t he r the upper o r lower 

leaf s u r f a c e s (7). This phenomenon is a t t r ibu ted to the m o r e rapid 

expans ion of ce l l s on the upper leaf s u r f a c e . Auxin- induced hypon-

a s t y has been obse rved and noted by s e v e r a l au tho r s to have o c c u r r e d 

in t oma to , cot ton, and sp inach and bean plants (68, 95, 108, 124, 168). 
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F i g , 3 - - T r e a t e d s u n f l o w e r s e e d l i n g s . A f f e c t e d s e c o n d a r y 
l e a v e s d i s p l a y u p w a r d c u r l e d m a r g i n s , h y p e r c h r o m i c i t y and s u r f a c e 
c o n v o l u t i o n s . P r i m a r y l e a v e s w h i c h r e c e i v e d t e s t c o m p o u n d a r e 
r e l a t i v e l y u n a f f e c t e d . T e n - d a y - o l d s o i l - g r o w n p l a n t s r e c e i v e d 
f o l i a r a p p l i c a t i o n of 10"^ M 4 ^ - c h l o r o g l u t a r a n i l i c a c i d and p h o t o g r a p h s 
w e r e t a k e n 10 d a y s f o l l o w i n g t r e a t m e n t . 

F i g . 4 - - C o n t r o l s u n f l o w e r s e e d l i n g s , 
d a r y l e a v e s of 2 0 - d a y - o l d p l a n t s a r e s h o w n . 

P r i m a r y and s e c o n -
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Recen t ly , Lippincott and Lippincott (96) comple ted a m o r e 

de ta i led study of auxin- induced hyponas ty on the bean leaf b l ade . They 

found tha t l eaves a r e m o s t s ens i t i ve to auxin s h o r t l y a f t e r they f i r s t 

unfold, and l eaves which have grown to a p p r o x i m a t e l y 60 p e r cent 

or m o r e of t h e i r u l t ima te s u r f a c e a r e a no longer give a hyponas t ic 

r e s p o n s e . The ac t iv i ty was spec i f i c f o r auxin and was inhibited by 

an t i - aux ins such as t r a n s - c i n n a m i c acid and p -ch lo rophenoxy i sobu ty r i c 

ac id . E thylene and e t h y l e n e - g e n e r a t i n g compounds fa i l ed to induce 

hyponas ty . The amount of leaf edge c u r v a t u r e was found to be 

roughly p r o p o r t i o n a l to a concen t r a t i on range of 10"^ to 10"^ M 

f o r indo leace t i c ac id . T h e s e f indings a r e of i n t e r e s t b e c a u s e of 

the s i m i l a r i t i e s of r e s p o n s e in sunf lower l eaves t r e a t e d with 10"^ M 

CGA. 

2 , 4 - D - t r e a t e d l eaves developed a b n o r m a l l y and in a m a n n e r 

that was d i f f e r e n t f r o m C G A - t r e a t e d l e a v e s . About 12 days fol lowing 

appl ica t ion with 10"^ M. 2 , 4 - D , p r i m a r y l eaves which r ece ived the 

s p r a y appl ica t ion developed s c a t t e r e d ch lo ro t i c spo t s , twis t ing of the 

leaf on the longi tudinal (midr ib) ax is and downward cu r l i ng of leaf 

m a r g i n s (epinas ty) . 

Under t h e s e e x p e r i m e n t a l condi t ions , it a p p e a r s that CGA 

is producing a morpho log i ca l r e s p o n s e in sunf lower l eaves which is 

s i m i l a r to tha t p roduced by the n a t u r a l l y - o c c u r r i n g auxin 
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i n d o l e a c e t i c a c i d in b e a n l e a v e s , and d i s s i m i l a r to t h o s e p r o d u c e d by 

2 , 4 - D in s u n f l o w e r s . 

No p e r c e p t i b l e leaf c h a n g e s o c c u r r e d in p l a n t s t r e a t e d w i t h 

CCH o r CCA. None of the c o m p o u n d s t e s t e d a t t he 10"^ M c o n c e n -

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

c o n t r o l he igh t v a l u e s . F u r t h e r s c r e e n i n g t e s t s e m p l o y i n g h y d r o p o n i c -

S e e d - P a k - g r o w n p l an t s w e r e conduc t ed to d e t e r m i n e if s e l e c t i v e a c t i -

v i t y o c c u r r e d f o l l o w i n g t r e a t m e n t wi th the i s o s t e r i c s u b s t i t u t e d c o m -

pounds CCA, CCH, and CGA. It w a s d i s c o v e r e d tha t f o r the g r o w t h 

cond i t i ons d e s c r i b e d , CCA p r o d u c e d leaf c h a n g e s s i m i l a r to t h o s e 

a s s o c i a t e d w i th CGA t r e a t m e n t . H o w e v e r , n o t i c e a b l e c h a n g e s 

o c c u r r e d l a t e r t h a n t h o s e p r o d u c e d by CGA. CCA w a s a p p r o x i m a t e l y 

50 p e r cen t a s e f f e c t i v e a p l an t he igh t i n h i b i t o r . CCH did no t a l t e r 

leaf g r o w t h and had n e g l i g i b l e e f f e c t on p lan t he igh t i nh ib i t i on . How-

e v e r , un l ike CCA and CGA, bo th of wh ich c a u s e d no o b s e r v a b l e c h a n g e s 

in r o o t s , CCH t r e a t e d p l a n t s showed r o o t s w i th a b r o w n d i s c o l o r a t i o n 

w h i c h b e g a n p e r i p h e r a l l y and ex t ended a c r o p e t a l y . T h i s change w a s 

f i r s t n o t i c e a b l e a t d a y 4 , p o s t - t r e a t m e n t , and p r o g r e s s e d to obvious 

n e c r o s i s of r o o t t ips by day 10. 

CGA p r o d u c e d c h a r a c t e r i s t i c leaf c h a n g e s w i th in 24 h o u r s 

and w a s t h e m o s t po ten t p l an t he igh t i n h i b i t o r . T h e s e q u a l i t a t i v e 

d i f f e r e n c e s a r e s u m m a r i z e d in T a b l e I . T h e s e l e c t i v e t o x i c i t y f o r 
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TABLE I 

SELECTIVE ACTIVITY OF ISOSTERIC COMPOUNDS ON 
SUNFLOWER SEEDLINGS 

-4 
A 10 M concen t r a t ion of each i s o s t e r i c compound was appl ied to 
roo ts of 7 - d a y - o l d , hydropon ic -pouch grown p lan t s . Obse rva t i on of 
changes in l e a v e s , r o o t s , and total height va lues w e r e r e c o r d e d 10 
days fol lowing appl ica t ion of compounds . The b a s i c molecu le is a s 
fo l lows , with subs t i tu t ions being made a t point in s t r u c t u r e m a r k e d 
"(X)": 

Cl-
fc // 

H O O 
• ii II 

- N - C - ( X ) - C H 2 C H 2 - C - O H 

Subst i tuent 
A c t iv i ty 

(X) 
Leaves Roots Height 

-NH-1 + - + 

-O-2 - + -

-CH2-
3 

+ - + 

= CCA 

2 = CCH 

CGA 
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root t i s s u e d e m o n s t r a t e d by CCH may be due to the p r e s e n c e of 

oxygen in the subs t i tu ted a lkyl por t ion of the molecu le . It has been 

r e p o r t e d tha t when the g rowth - r egu l a t i ng ac t iv i ty of ten m e t h y l c h l o r o -

phenyl g lycines was c o m p a r e d wi th tha t shown by the c o r r e s p o n d i n g 

methy lch lo rophenoxyace t i c a c i d s , the ac t ive analogs with the - 0 -

subs t i tuen t w e r e a l l s u p e r i o r to those with the -NH- group (28). A 

d i r e c t c o m p a r i s o n in th is c a s e would be d i f f icu l t b e c a u s e the a lkyl 

subs t i tu t ion is a d j a c e n t to the r ing which is not the c a s e in the CCA, 

CCH, and CGA i s o s t e r e s . B i o a s s a y s employed in th is evalua t ion 

w e r e the wheat cy l i nde r , pea s e g m e n t , and pea c u r v a t u r e t e s t s . Oat 

coleopt i le e longat ion t e s t s employing CCA, CCH, and CGA at concen-

-5 -4 

t r a t i o n s ranging f r o m 10 to 10 M, cons i s t en t l y indicated that 

CCH was the m o s t ac t ive and CCA the l e a s t ac t ive compounds (125). 

Concen t r a t ion S t u d y - - F o l i a r App l i ca t i on - -So i l Grown P lan t s 

As CGA d e m o n s t r a t e d the g r e a t e s t d e g r e e of qua l i ta t ive and 

quant i ta t ive g r o w t h - r e g u l a t i n g ac t iv i ty when sub jec ted to the t e s t s 

p r ev ious ly d e s c r i b e d , subsequen t w o r k was r e s t r i c t e d to this c o m -

pound. E x p e r i m e n t s w e r e conducted to f u r t h e r c h a r a c t e r i z e the 

e f f ec t s of CGA on sunf lower s eed l ings . Concen t ra t ion s tud ies w e r e 

p e r f o r m e d on s o i l - g r o w n , t e n - d a y - o l d p lants to d e t e r m i n e the e f fec t s 

of i n c r e a s e d concen t r a t i ons appl ied via f o l i a r app l ica t ion . 
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To fac i l i t a t e leaf abso rp t ion (47) and to a s s i s t in the p r e -

pa ra t ion of CGA solut ions at high c o n c e n t r a t i o n s , the s u r f a c t a n t 

Tween 20 was added to a l l t e s t so lu t ions . 

Evidence has accumula t ed which ind ica tes tha t s u r f a c e -

ac t ive agents such as Tween 20 can i n t e r f e r e wi th b i o a s s a y s , and in 

some c a s e s , d e m o n s t r a t e g r o w t h - r e g u l a t i n g ac t iv i ty (49, 72, 71, 

109). It was fe l t tha t an e x p e r i m e n t should be p e r f o r m e d to d e t e r -

mine if Tween 20 a lone would augment or inhibit growth under the con-

dit ions employed f o r g r o w t h - r e g u l a t i o n b i o a s s a y s . 

The concen t r a t ion of Tween 20 e x p e r i m e n t a l l y employed was 

a t en - fo ld h igher concen t ra t ion than the 0. 1 p e r cent which is r e c o m -

mended f o r aqueous solut ions of t e s t compounds (141). Resu l t s 

indicate that one p e r cent Tween 20 appl ied to l eaves of sunf lower 

seed l ings grown under the condit ions d e s c r i b e d does not p roduce 

s ign i f i can t changes in to ta l plant height (Fig . 5). No obse rvab l e 

changes in the a e r i a l plant body w e r e not iced . It was then a s s u m e d 

that a t the 0. 1 p e r cent concen t r a t i on level used , Tween 20 would not 

be d i r e c t l y r e s p o n s i b l e f o r growth inhib i tory ac t iv i ty obse rved in 

t e s t p l an t s . 

I n t e r p r e t a t i o n of the data f o r va r ious concent ra t ions of CGA 

(Fig. 5) leads to the conclus ion that f o l i a r app l ica t ion of the c o m -

pound in i n c r e a s i n g concen t ra t ions f r o m 10~3 M to 10" 1 M a r e 
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C o n t r o l T w e e n 10~^M 10"^ M 10 ^ M 1 M 
20 

C o n c e n t r a t i o n of T e s t Compound 

1 0 L M 

F i g . 5 - - A v e r a g e c h a n g e in he igh t r a t e s f o r s u n f l o w e r s e e d -
l ings t r e a t e d wi th v a r i o u s c o n c e n t r a t i o n s of 4 - c h l o r o g l u t a r a n i l i c ac id 
and a 1 p e r c e n t c o n c e n t r a t i o n of T w e e n 20 . T e n - d a y - o l d , s o i l - g r o w n 
p l a n t s r e c e i v e d f o l i a r a p p l i c a t i o n of a p p r o x i m a t e l y 0 . 4 m l p e r p lan t 
of t e s t s o l u t i o n s and d a i l y t o t a l p lan t he igh t m e a s u r e m e n t s w e r e 
r e c o r d e d . Data r e p r e s e n t a v e r a g e v a l u e s f o r a m i n i m u m of 12 p l an t s 
f o r e a c h t e s t . 
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a c c o m p a n i e d by an i n c r e a s e d inh ib i t ion of d a i l y p l an t he igh t g r o w t h . 

A t the 10"* to 10 1 M c o n c e n t r a t i o n r a n g e no f u r t h e r i n c r e a s e in 

g r o w t h inh ib i t ion o c c u r r e d . A l s o , no a d d i t i o n a l q u a l i t a t i v e c h a n g e s 

in the a e r i a l p lan t body w e r e o b s e r v e d , w i th the e x c e p t i o n of a s l i g h t 

i n c r e a s e in leaf h y p o n a s t y , and l e a f - s u r f a c e convo lu t i ons a s the t e s t 

so lu t ion c o n c e n t r a t i o n w a s i n c r e a s e d . 

F a i l u r e of a d d i t i o n a l phy to tox ic r e s p o n s e a t c o n c e n t r a t i o n s 

of 10"^ to 10^ M is thought to be due to d e c r e a s e d s o l u b i l i t y of CGA 

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

m e n t s . CGA is c r y s t a l i z i n g a s e v i d e n c e d by wh i t e r e s i d u e r e m a i n -

ing on l e a v e s upon d r y i n g , and in a c r y s t a l l i n e f o r m is a p p a r e n t l y not 

c a p a b l e of p e n e t r a t i o n of the o u t e r leaf s u r f a c e (33). 

T h e s e c o n c e n t r a t i o n s t u d i e s i n d i c a t e t ha t when an a q u e o u s 

s o l u t i o n of CGA, c o n t a i n i n g 0. 1 p e r c e n t T w e e n 20 i s app l i ed to 

l e a v e s of s u n f l o w e r s e e d l i n g s , no a d d i t i o n a l g r o w t h r e s p o n s e is 

ob ta ined u s i n g c o n c e n t r a t i o n s of g r e a t e r t h a n 10"^ M. 

G r o w t h S t u d y - - F o l i a r A p p l i c a t i o n - - S o i l - G r o w n P l a n t s 

E x p e r i m e n t a l r e s u l t s w h i c h a r e d e p i c t e d in F i g u r e 6 

e s t a b l i s h two f a c t s . T h e s e f a c t s a r e , t h a t w i th in the l i m i t s of the 

e x p e r i m e n t a l s y s t e m e m p l o y e d , inh ib i t ion of g r o w t h i s d e t e c t a b l e a s 

e a r l y a s 24 h o u r s fo l lowing f o l i a r a p p l i c a t i o n of CGA and t h a t g r o w t h 
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5 18 

<j 10-. 

O = H^O C o n t r o l s 

X = CGA 

2 3 4 5 1 8 

Days F o l l o w i n g A p p l i c a t i o n of T e s t Compound 

F i g . 6 - - A v e r a g e c h a n g e in t o t a l p l an t h e i g h t s of s u n f l o w e r 
s e e d l i n g s t r e a t e d w i th a f o l i a r a p p l i c a t i o n of a p p r o x i m a t e l y 0 . 4 m l p e r 
p l an t of 10~3 m 4 - c h l o r o g l u t a r a n i l i c a c i d . T e n - d a y - o l d s o i l - g r o w n 
p l a n t s w e r e t r e a t e d and tota l p l an t he igh t m e a s u r e m e n t s t a k e n a t da i l y 
i n t e r v a l s up to 5 d a y s and a g a i n a t 18 and 30 d a y s . V a l u e s w e r e 
ob ta ined f r o m a v e r a g e f i g u r e s f o r a t o t a l of 96 c o n t r o l and 89 t r e a t e d 
p l a n t s . 
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inhibit ion cont inues to occur f o r a per iod of a t l e a s t 30 days fol lowing 

t r e a t m e n t of CGA. At 30 days p o s t - t r e a t m e n t t e s t p lants have 

achieved only 40 p e r cent of con t ro l plant v a l u e s . This i n f o r m a t i o n 

sugges t s that CGA is capab le of pene t r a t i ng the leaf cu t i cu l a r b a r r i e r 

and that the compound or i ts metabo l i t e is t r a n s l o c a t e d to s i t e s of 

new growth, w h e r e it p roduces growth changes which a r e de tec t ab le 

within 24 h o u r s . 

Two f a c t o r s a p p e a r to be of i m p o r t a n c e r e g a r d i n g the n a t u r e 

of a f o l i a r p e n e t r a n t . The i m p o r t a n c e of op t imum ba lance be tween 

l ipophil ic and hydrophi l ic groupings has been impl ied (117, 62). 

This m o l e c u l a r "ba l ance" is i m p o r t a n t in a c h i e v e m e n t of m a x i m u m 

leaf t i s s u e pene t r a t i on . Bennet t (19) in rev iewing the f o l i a r a b s o r p -

t ive behav ior of a s e r i e s of phytotoxic compounds noted an i n v e r s e 

r e l a t i o n s h i p between the r a t e of a b s o r b a n c e and m o l e c u l a r s i z e . It 

would a p p e a r tha t CGA p o s s e s s e s those m o l e c u l a r qua l i t i e s n e c e s s a r y 

f o r r e l a t i ve ly rap id f o l i a r pene t r a t i on in sunf lower s e e d l i n g s . 

The p e r s i s t e n c e of CGA ac t iv i ty could be due to conjugat ion 

of the compound with plant cons t i tuen t s such a s g lucose , a s p a r t i c 

ac id , po lypept ides , p r o t e i n s , or pec t ic ac id , as has been r e p o r t e d 

f o r s e v e r a l phenoxyalkanoic ac ids in a v a r i e t y of plants (143, 131, 6, 

102). 
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A l so , the sunf lower may lack an enzyme c o m p l e m e n t that 

would be n e c e s s a r y f o r deg rada t ion of CGA as a de toxica t ion m e c h a n -

i s m . 

Growth S tudy - -Boo t A p p l i c a t i o n - - V e r m i c u l i t e - G r o w n P lan t s 

Th i s s tudy was p e r f o r m e d to d e t e r m i n e if CGA is a b s o r b e d 

th rough the roo t s y s t e m , and if it would c a u s e the o c c u r r e n c e of 

p r ev ious ly d e s c r i b e d growth changes tha t w e r e obse rved f o r f o l i a r 

app l ica t ion of the compound. 

The data r e c o r d e d in F i g u r e 7 indicate tha t CGA was 

a b s o r b e d by the roo t s y s t e m , and that the compound or i ts m e t a b o -

li te was t r a n s l o c a t e d to the growing t i s s u e s of the a e r i a l plant body 

and exe r t ed a c h a r a c t e r i s t i c r e s p o n s e s i m i l a r to that d e s c r i b e d f o r 

f o l i a r appl ica t ions of the compound. This f inding was not s u r p r i s i n g 

in light of ex tens ive r e p o r t s on the abso rp t ion of organic compounds 

which show that many s u b s t a n c e s , including g r o w t h - r e g u l a t i n g c o m -

pounds , a r e r ead i ly a b s o r b e d by higher plant roo ts (46). However , 

th is e x p e r i m e n t a l i n f o r m a t i o n was of va lue in indica t ing tha t not only 

was roo t a b s o r p t i o n o c c u r r i n g , but that the compound or its metabol i te 

was a c r o p e t a l l y t r a n s l o c a t e d . 

A d i v e r s i t y of mobi l i ty p a t t e r n s occu r in a v a r i e t y of g rowth-

regu la t ing compounds . L i t e r a t u r e r e p o r t s indicate that c e r t a i n 
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<u 
K 10+ 

Days F o l l o w i n g A p p l i c a t i o n of T e s t Compound 

F i g . 7 - - A v e r a g e c h a n g e in t o t a l p l an t h e i g h t s of s u n f l o w e r 
s e e d l i n g s t r e a t e d v ia r o o t s wi th a p p r o x i m a t e l y 20 m l p e r p lan t of 
10"3 M 4 ' - c h l o r o g l u t a r a n i l i c a c i d . T e n - d a y - o l d p l a n t s m a i n t a i n e d in 
a c h e m i c a l l y i n e r t ( V e r m i c u l i t e ) s u b s t r a t e w e r e e x p o s e d to the t e s t 
s o l u t i o n by a p p l i c a t i o n t o s u b s t r a t e , and m e a s u r e m e n t s w e r e ob ta ined . 
Data r e p r e s e n t a v e r a g e v a l u e s f o r a m i n i m u m of 5 p l a n t s . 
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organ ic compounds tend to be accumula ted v e r y s t rong ly in the 

me tabo l i ca l ly ac t ive reg ions of the p lant . Other s u b s t a n c e s a r e 

l e s s mobi le and tend to a c c u m u l a t e in the root por t ion of the plant 

body. T r a n s l o c a t i o n s tud ies have been conducted which include the 

14 

use of 8, C - l abe l ed g rowth - r egu l a t i ng compounds (32). Those 

s u b s t a n c e s t e s t e d included 2 , 4 - D , A m i t r o l e , m a l e i c hyd raz ide , u r e a , 

monuron , da lapon, s i m a z i n e , andLAA. 

It was d i s c o v e r e d that a l l c h e m i c a l s w e r e highly a b s o r b e d 

by r o o t s ; 2 , 4 - D was moved to plant tops in the l e a s t amount , u r e a 

was nex t , and the o ther seven w e r e moved in l a r g e r quan t i t i e s . Sup-

por t ive ev idence of CGA movemen t in the in tact plant when applied 

via the root o rgan wi l l have to come in the f o r m of C 1 4 - l a b e l 

e x p e r i m e n t s . 

In addi t ion , t h e r e was a 15 pe r cent g r e a t e r inhibit ion than 

w a s obse rved f o r f o l i a r appl ied CGA at an equivalent concen t r a t i on . 

Shoot Elongat ion S t u d i e s - - F o l i a r A p p l i c a t i o n - - S o i l - G r o w n 

P l an t s 

To f u r t h e r c h a r a c t e r i z e the ac t ion of CGA as a g rowth -

r e g u l a t o r , e x p e r i m e n t s w e r e conducted to d e t e r m i n e if a spec i f i c 

por t ion of the plant longi tudinal axis was being a f fec ted in the he igh t -

inhibi tor r e s p o n s e . Table II data e s t ab l i shed that while s o m e e lon-

gation inhibi t ion in the so i l to p r i m a r y - l e a f - s t e m a r e a o c c u r s , the 
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TABLE II 

SHOOT ELONGATION MEASUREMENTS ON HELIANTHUS ANNUUS, 
L. FIVE DAYS FOLLOWING FOLIAR APPLICATION OF 

lO" 3 M CGA 1 TO TEN-DAY-OLD SOIL-GROWN 
PLANTS 

2 
Values 

M e a s u r e m e n t Method 
Con t ro l T r e a t e d 

D i f f e r e n c e s in 
T r e a t e d v s . 

Con t ro l P lan t s 

(cm) (cm) (%) 

Soil Level to Shoot 
M e r i s t e m 19 12. 5 34 D e c r e a s e 

Soil Level to P r i m a r y 
Leaves 10 9 10 D e c r e a s e 

P r i m a r y Leaves to 
Shoot M e r i s t e m 9 3. 5 61 D e c r e a s e 

1 . / 
4 - c h l o r o g l u t a r a n i l i c ac id . 

"^Values w e r e obtained f r o m a v e r a g e f i g u r e s f o r a to ta l of 
84 c o n t r o l and 78 t r e a t e d p lan t s . T h r e e independent r ep l i c a t e 
e x p e r i m e n t s w e r e p e r f o r m e d . 
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p r inc ip l e shoot por t ion which f a i l s to e longate is tha t region as 

m e a s u r e d f r o m the p r i m a r y l eaves to shoot m e r i s t e m (Fig. 8). 

Th i s f a i l u r e of s t e m elongat ion in the shoot ap i ca l m e r i s t e m reg ion 

r e s u l t s in a r o s e t t e p a t t e r n as subsequen t leaf deve lopment occurs 

(Fig . 3). 

It is we l l e s t ab l i shed that s t e m elongat ion or plant body 

extens ion is a func t ion of co l lec t ive shoot c e l l u l a r e n l a r g e m e n t (5). 

This p r o c e s s is in i t ia ted by the r e l e a s e f r o m ce l l s of an unident if ied 

w a l l - l o o s e n i n g f a c t o r . This r e l e a s e appa ren t ly r e q u i r e s the 

p r e s e n c e of uns tab le t r a n s p o r t p ro te in (or p ro t e in s ) , a supply of 

ene rgy and in s o m e t i s s u e s , auxin mus t be p r e s e n t (29). 

It can t h e r e f o r e be pos tu la ted that CGA is d i r e c t l y or 

i nd i r ec t l y ac t ing to inhibit the ac t ion of ce l l wa l l - l oosen ing f a c t o r ( s ) , 

to i n t e r f e r e with the p roduc t ion or func t ion of t r a n s p o r t p r o t e i n s , 

to r educe or to uncouple ava i lab le endogenous ene rgy supp l i e s , o r to 

behave as an an t i - aux in which blocks the physiologic ac t iv i ty that is 

produced by n e c e s s a r y aux ins . CGA may cause a reduc t ion in to ta l 

plant height by producing a les ion which a f f e c t s one or a combina t ion 

of t he se p r o c e s s e s . 
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Shoot M e r i s t e m 

< 

P r i m a r y Leaves 
i 

a 
; 
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Cotyledons 
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Fig . 8--Method of elongation measu remen t s used to 
de te rmine region of shoot affected by application of 4-chloroglutar• 
anilic acid. Region a r ep re sen t s soil level to shoot m e r i s t e m . 
Region b r ep re sen t s soi l level to p r i m a r y leaves . Region c 
r ep re sen t s p r i m a r y leaves to shoot m e r i s t e m . ~ 
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CGA, 2 , 4 - D , and LA A Concen t ra t ion S t u d i e s - - R o o t 
Appl ica t ion - - S e e d - P a k Grown P lan t s 

The use of S e e d - P a k growth pouches to hydroponica l ly grow 

t e s t p lants has s e v e r a l advan tages . T h e s e include c l o s e r con t ro l of 

concen t r a t ions appl ied to the intact plant and r eady obse rva t ion of 

roo t growth p a t t e r n s . A l so , augmenta t ion or inhibit ion of root 

growth can be m o r e r e a d i l y quan t i t a ted . T h e r e f o r e , a concen t ra t ion 

s tudy was unde r t aken to d e t e r m i n e the e f fec t of high and low concen-

t r a t i o n s of CGA on in tac t plant growth. The r e s u l t s p r e s e n t e d in 

F i g u r e 9 show a t w o - p h a s e growth r e s p o n s e cu rve f o r CGA and IAA. 

Concen t r a t ions of 10"^, 10"®, 10"^, and 10"^ M CGA produced an 

i n c r e a s e in to t a l plant height va lues as c o m p a r e d to con t ro l s of 

15, 22, 18, and 10 p e r cent r e s p e c t i v e l y . Concen t ra t ions of 10"^, 

-4 - ^ 

10" , and 10" M CGA produced growth inhibit ion of 11 p e r cent and 

36 p e r cent f o r 10"^ and 10"^ v a l u e s , with the 10"^ M solut ion being 

a qui te ac t ive inhib i tory concen t ra t ion r e su l t i ng in dea th f o r 50 pe r 

cent of the t e s t p lants within 3 days fol lowing in i t ia l t r e a t m e n t . No 

add i t iona l growth o c c u r r e d in the ba lance of the plants up through 

t e r m i n a t i o n of the e x p e r i m e n t at 10 d a y s . 

I A A - t r e a t e d plants showed m a r k e d i n c r e a s e s in to t a l height 

growth wi th va lues of 46, 54, 63, 58, and 23 pe r cent r e p o r t e d f o r 

10" 9 , 10"®, 10"^, 10"^, and 10"^ M concen t r a t ions r e s p e c t i v e l y , A 
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2 , 4 - D 

1 0 " 9 1 0 " 8 10" 7 10~6 10" 5 
1 0 " 10 - 3 

M o l a r C o n c e n t r a t i o n 

F i g . 9 - - S u n f l o w e r s e e d l i n g g r o w t h r e s p o n s e c u r v e s f o r 
v a r i o u s c o n c e n t r a t i o n s of 4 - c h l o r o g l u t a r a n i l i c a c i d (CGA), i ndo leace -
t i c ac id (IAA), and 2 , 4 - d i c h l o r o p h e n o x y a c e t i c ac id ( 2 , 4 - D ) . Roo t s 
of 7 - d a y - o l d h y d r o p o n i c p o u c h - g r o w n t e s t p l an t s w e r e e x p o s e d to d i f -
f e r e n t c o n c e n t r a t i o n s of e x p e r i m e n t a l s o l u t i o n s and t o t a l p lan t he igh t 
r e c o r d e d 10 days fo l l owing t r e a t m e n t . A l l i nd iv idua l c o n c e n t r a t i o n s 
of t e s t c o m p o u n d s w e r e added to s e p a r a t e p o u c h e s c o n t a i n i n g 5 p l a n t s 
in e q u i v a l e n t v o l u m e s of 30 m l p e r pouch . 
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g r o w t h inh ib i t ion va lue of 24 p e r cen t w a s r e c o r d e d f o r a 10"^ M 

s o l u t i o n of IAA. 

O 
A 1 0 ~ ° M c o n c e n t r a t i o n of 2 , 4 - D p r o d u c e d an i n c r e a s e in 

_ 4 

g r o w t h v a l u e s of 22 p e r c e n t , w i th the 10 M so lu t ion p r o v i n g to be 

l e t h a l f o r 50 p e r cen t of the t e s t p l an t s w i th in 2 days fo l lowing i n i t i a l 

t r e a t m e n t . 

T h i s e v i d e n c e showed t h a t CGA is 32 p e r c e n t l e s s a c t i v e as 

a g r o w t h - p r o m o t i n g compound than is IAA at e q u i v a l e n t c o n c e n t r a -

t ions u n d e r the cond i t i ons t e s t e d , but the c o m p o u n d w a s 76 p e r cen t 

more a c t i v e t h a n IAA a s a g r o w t h i n h i b i t o r . T h e CGA c o n c e n t r a -

t i on f o r o p t i m u m g r o w t h is abou t t e n - f o l d l e s s than t h e IAA v a l u e 

f o r o p t i m u m g r o w t h . C o m p a r e d to 2 , 4 - D , CGA d e m o n s t r a t e d an 

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

g r o w t h i n h i b i t o r . 

T h i s t w o - p h a s e g r o w t h r e s p o n s e h a s b e e n r e p o r t e d f o r 

r o o t s , b u d s , and s t e m s of p e a s ( P i s u m , Sp. ) to a r a n g e of aux in 

c o n c e n t r a t i o n s w i th e a c h o r g a n hav ing a p r o m o t i v e and a n i n h i b i t o r y 

r a n g e . E o o t s show the l o w e s t o p t i m u m c o n c e n t r a t i o n (10"*® M), 
- 8 

buds an i n t e r m e d i a t e va lue (10~ M), and s t e m s the h i g h e s t c o n c e n -

t r a t i o n r e q u i r e m e n t of 10"^ M (142). It is i n t e r e s t i n g to no te t h a t 

the o p t i m u m g r o w t h - p r o m o t i n g va lue f o r IAA applied to i n t ac t s u n -
_7 

f l o w e r s e e d l i n g s is 10 M, wh ich is an a p p r o x i m a t e i n t e r m e d i a t e 
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value be tween the concen t ra t ions n e c e s s a r y f o r op t imum root and 

s t e m growth in s o m e o ther p l an t s . 

P lan t Organ S t u d y - - S e e d - P a k Grown P l an t s 

Having acqu i red the e x p e r i e n c e n e c e s s a r y f o r s u c c e s s f u l 

cul t ivat ion of sunf lower seed l ings in S e e d - P a k growth pouches , a 

quant i ta t ive evaluat ion of growth and deve lopment of the m a j o r plant 

o rgans was under t aken us ing the op t imum growth p romot ion and 

inhib i tory concen t r a t ions of CGA d e t e r m i n e d by concen t r a t ion s tud ies 

(Fig. 9). Concen t ra t ions of CGA employed w e r e those which had 

been shown to p roduce m a x i m u m growth p romot ion (10~^M) and 

inhibit ion (10"^ M) without kil l ing the t e s t p l an t s . 

Tab le III da ta , which r e c o r d to t a l shoot length, a r e the 

r e s u l t of a n u m b e r of e x p e r i m e n t s and show that at 10"® M sunf lower 

seed l ings ach ieved a height of 17 per cent g r e a t e r than tha t of the 

c o n t r o l s . At a 10"^ M concen t r a t i on , the a v e r a g e d e c r e a s e in plant 

height was 33 pe r cent of the con t ro l plant v a l u e s . This e x p e r i m e n t 

a l s o yielded i n fo rma t ion r e g a r d i n g the c o n s i s t e n c y of t e s t plant 

r e s p o n s e s . An a v e r a g e d i f f e r e n c e in va lues between the s ix r e p l i -

ca te e x p e r i m e n t s was ± 4 p e r cen t . This p r e c i s i o n was not 

obtained with any i s o s t e r i c compounds t e s t e d . Z i m m e r m a n (170) 

has found th is i n f o r m a t i o n to be of po ten t ia l value in the s tunt ing of 
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TABLE III 

SHOOT ELONGATION MEASUREMENTS OF SUNFLOWER SEEDLINGS 
T R E A T E D WITH 1 0 " 4 M 4-CHLOROGLUTARANILIC ACID 

T e s t compounds w e r e added to the roo ts of 7 -day -o ld sunf lower s e e d -
lings grown in hydroponic pouches . Ten days fol lowing appl ica t ion 
of the compounds , to ta l shoot length m e a s u r e m e n t s w e r e t aken . 

Concen t r a t i on of T e s t 
Compound 

1 
Shoot Length D i f f e r e n c e s in 

T r e a t e d v s . Con t ro l 
P l an t s 

(cm) (%) 

^ 0 Con t ro l s 5. 7 -

O
 i 00

 
S 6 . 7 17 I n c r e a s e 

1 0 - 4 M 3. 8 33 D e c r e a s e 

Data f o r each t e s t is an a v e r a g e of va lues f r o m 6 r e p l i c a t e s 
cons i s t i ng of 10 plants p e r r e p l i c a t e . 
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s u n f l o w e r s , and is in p o s s e s s i o n of a quant i ty of CGA f o r f u r t h e r 

s tudies to examine i ts e f f ec t on plants that have grown to m a t u r i t y 

and a l so to s tudy mutagenic e f f ec t s of the compound. 

Tab le IV, which p r e s e n t s data r e g a r d i n g inhibi t ion on 

elongation of r oo t s , shows that the concen t r a t ion which p roduces 

shoot growth enhancemen t does not s ign i f i can t ly i n c r e a s e in tac t root 

lengths . However , the concen t ra t ion which is inh ib i to ry f o r shoot 

elongat ion is a l s o somewhat inhib i tory f o r roo t e longat ion . 

P r e v i o u s s tud ies sugges ted that the CGA shoot growth 

enhancement and inhibi t ion had a l s o a l t e r e d leaf s i z e . Data 

r e p o r t e d in Tab le V r e v e a l that the concen t r a t i on of CGA which 

p roduces shoot growth enhancemen t a l s o p roduces a 51 p e r cent 

i n c r e a s e in app rox ima ted leaf s u r f a c e a r e a v a l u e s . This f inding had 

p r a c t i c a l impl ica t ions in that if a v e r y weak concen t r a t ion of CGA 

could p roduce a s ign i f i can t i n c r e a s e in leaf s i z e , the food potent ia l 

of sun f lower s might be enhanced by c o m m e r c i a l app l ica t ion of 

CGA. 

The plant o rgan which is mos t s e v e r e l y a f fec ted by non-

le thal doses of CGA is the leaf . A 60 p e r cent d e c r e a s e in a p p r o x i -

mated leaf s u r f a c e a r e a r e s u l t s f r o m t r e a t m e n t with a 10"^ concen -

t r a t i o n of the t e s t compound (Table V). 
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T A B L E IV 

ROOT ELONGATION MEASUREMENTS OF SUNFLOWER 
SEEDLINGS TREATED WITH 1 0 ~ 4 M 

4-CHLOROGLUTARANILIC ACID 

T e s t compounds w e r e added to the roo t s of 7 - d a y - o l d sun f lower s e e d -
l ings g rown in hydropon ic p o u c h e s . T e n days fo l lowing app l i ca t ion 
of the c o m p o u n d s , p lan t s w e r e r e m o v e d f r o m growth p o u c h e s , the 
r o o t s ex tended and m e a s u r e m e n t s t a k e n . 

C o n c e n t r a t i o n of T e s t 
Compound 

Root Length* D i f f e r e n c e in 
T r e a t e d v s . C o n t r o l 

P l a n t s 

(cm) (%) 

H2O C o n t r o l s 19 .6 -

2 
CO I O

 
r—4 20. 0 2 I n c r e a s e 

i—
>1 

O
 i 

S 17. 3 13 D e c r e a s e 

Data f o r e a c h t e s t p r e s e n t an a v e r a g e of v a l u e s obtained f r o m 
10 p l a n t s . 
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TABLE V 

LEAF SIZE MEASUREMENTS OF SUNFLOWER SEEDLINGS 
T R E A T E D WITH 10~ 4 M 4-CHLOROGLUTARANILIC ACID 

T e s t compounds w e r e added to the roots of 7 -day -o ld sunf lower s e e d -
lings grown in hydroponic pouches . Ten days fol lowing appl ica t ion of 
the compounds , p r i m a r y l eaves w e r e r e m o v e d , m e a s u r e d a c r o s s the 
length (L) and width (W) and an app rox ima t ion of leaf s u r f a c e a r e a 
ca lcu la ted (L x W). 

Concen t ra t ion of T e s t 
Compound 

Approx ima t ion of 
Leaf S u r f a c e A r e a 

D i f f e r e n c e s in 
T r e a t e d v s . Con t ro l 

P l an t s 

( c m 2 ) (%) 

H2O Cont ro l s 3. 5 -

10~8 M 5. 3 51 I n c r e a s e 

1 0 " 4 M 1.4 60 D e c r e a s e 

Data f o r each t e s t p r e s e n t an a v e r a g e of va lues obtained 
f r o m 10 p l a n t s . 
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D a r k G r o w t h S t u d i e s - - S e e d - P a k Grown P l a n t s 

R e p o r t s i n d i c a t e t h a t a v a r i e t y of g r o w t h - r e g u l a t i n g c o m -

pounds r e q u i r e the p r e s e n c e of l ight to e x e r t t h e i r i n h i b i t o r y or 

g r o w t h p r o m o t i n g a c t i v i t y . T h e s e c o m p o u n d s inc lude k a u r e n o i c 

a c i d , 1 - n a p h t y l a c e t i c a c i d , 2 , 4 - D , a b s c i s i c a c i d , i n d o l e a c e t i c a c i d , 

k ine t i n , h a l o x y d i n e , p a r a q u a t , a t r a z i n e , a m i t r o l e , s i r m a t e , s i m a z i n e , 

p y r i d i n e a n a l o g s (82), and p y r a z o n (48). 

An e x p e r i m e n t w a s conduc t ed to d e t e r m i n e if t he i n h i b i t o r y 

and e n h a n c i n g e f f e c t s of CGA on shoo t e longa t i on would o c c u r in 

d a r k - g r o w n s u n f l o w e r s e e d l i n g s . C o n c e n t r a t i o n s e m p l o y e d w e r e the 

s a m e a s t h o s e w h i c h p r o d u c e d o p t i m a l c h a n g e s in S e e d - P a k c u l t i -

va t ed p l a n t s g r o w n in the l igh t . Data s u m m a r i z e d in T a b l e VI 

- 8 

show t h a t a 10" M c o n c e n t r a t i o n p r o d u c e s a 10 p e r cen t g r o w t h 

p r o m o t i o n a s c o m p a r e d to 17 p e r cen t s e e n in l i g h t - g r o w n p l a n t s . It 

- 4 

is a l s o of i n t e r e s t t o no te t ha t a 10 M c o n c e n t r a t i o n of CGA p r o d u c e s 

t h e s a m e a m o u n t of inh ib i t ion (30 p e r cen t ) a s c o m p a r e d to 33 p e r 

c e n t f o r l i g h t - g r o w n p l a n t s . 

D a r k - g r o w n s u n f l o w e r s e e d l i n g s t r e a t e d w i th a g r o w t h -
_4 

i n h i b i t o r y c o n c e n t r a t i o n of CGA (10 M) w e r e r e t u r n e d to the s a m e 

l ight s o u r c e u s e d f o r p r e v i o u s g r o w t h s t u d i e s . O b s e r v a t i o n s w e r e 

m a d e a t 2 - h o u r i n t e r v a l s up to 48 h o u r s to d e t e r m i n e if the r a t e of 

d e v e l o p m e n t of g r e e n c o l o r a t i o n of c o t y l e d o n s , p r i m a r y l e a v e s , and 
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TABLE VI 

DARK-GROWN SUNFLOWER SEEDLING RESPONSE TO VARIOUS 
CONCENTRATIONS OF 4-CHLOROGLUTARANILIC ACID 

F o u r - d a y - o l d hydroponic pouch grown s e e d l i n g s , g e r m i n a t e d in an 
unlighted growth c h a m b e r , r ece ived roo t appl ica t ion of t e s t so lu t ions , 
and to ta l plant height m e a s u r e m e n t s w e r e r e c o r d e d 2 days fol lowing 
appl ica t ion of compounds . 

Concen t ra t ion of T e s t 
Compound 

Shoot Length"'' D i f f e r e n c e s in 
T r e a t e d v s . Con t ro l 

P l an t s 

(cm) (%) 

t ^ O Cont ro l s 6. 1 -

H
-1 

O
 » 00

 
£ 6. 7 10 I n c r e a s e 

•—
»
 

O
 1 £ 4. 3 30 D e c r e a s e 

1 
Data r e p r e s e n t va lues f o r an a v e r a g e of 15 plants f o r each 

concen t ra t ion s tud ied . 
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s h o o t s w a s inh ib i t ed a s c o m p a r e d to c o n t r o l p l a n t s . The r a t e of 

g r e e n c o l o r d e v e l o p m e n t w a s d e t e r m i n e d t o be a p p r o x i m a t e l y e q u i v a -

len t in t r e a t e d and c o n t r o l p l a n t s . 

T h e g r e e n i n g of d a r k - g r o w n , e t i o l a t e d t o b a c c o t i s s u e h a s 

b e e n c o r r e l a t e d wi th p l a s t i d r e p l i c a t i o n and g r o w t h , c h l o r o p h y l l s y n -

t h e s i s , a c c u m u l a t i o n of so lub l e p r o t e i n s , s y n t h e s i s of l i p id s , and 

d e v e l o p m e n t of i n t e r n a l m e m b r a n e s (25, 59). 

T h e s e f i n d i n g s i n d i c a t e t h a t t he a c c e l e r a t e d and inh ib i ted 

d e v e l o p m e n t of shoo t t i s s u e p r o d u c e d by CGA in s u n f l o w e r s e e d l i n g s 

is not a l i g h t - d e p e n d e n t r e a c t i o n . F u r t h e r , i t is p r o p o s e d tha t a t 

the c o n c e n t r a t i o n l e v e l s s t u d i e d , CGA d o e s no t m a r k e d l y i n t e r f e r e 

wi th p l a s t i d d e v e l o p m e n t and c h l o r o p h y l l s y n t h e s i s . 

A u x i n s have b e e n r e p o r t e d to e x e r t t h e i r p r i n c i p a l g r o w t h -

r e g u l a t i n g a c t i v i t y of c e l l e l onga t i on in b i o a s s a y s y s t e m s wh ich 

e x c l u d e l ight (51, 52) . T h e r e f o r e , the d a r k - g r o w t h s t u d i e s c o n -

d u c t e d on CGA s u g g e s t an a u x i n - l i k e a c t i v i t y f o r th i s c o m p o u n d . 

S u p p l e m e n t a t i o n S t u d i e s - - R o o t A p p l i c a t i o n CGA - -
S e e d - P a k Grown P l a n t s 

A p r o c e d u r e w h i c h has b e e n e m p l o y e d in e x p e r i m e n t s 

d e s i g n e d to c h a r a c t e r i z e new g r o w t h - r e g u l a t i n g s u b s t a n c e s is t ha t of 

b i o a s s a y s u p p l e m e n t a t i o n wi th known p h y t o a c t i v e c o m p o u n d s (36, 103, 

91). P o u c h - g r o w n s u n f l o w e r s e e d l i n g s w e r e e x p o s e d to an i n h i b i t o r y 
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concen t ra t ion (10~ 4 M) of CGA. In addi t ion, e q u i m o l a r c o n c e n t r a -

t ions of g lucose , s u c r o s e , 6 - B A P , GA, and IAA w e r e added to the 

t e s t solut ion. The r e s u l t s a r e s u m m a r i z e d in Tab le VII, 

When only 2 p e r cent g lucose or s u c r o s e was added to pouch-

grown sunf lower s eed l ings , growth changes w e r e negl ig ib le . However , 

when a 2 pe r cent g lucose or s u c r o s e solu t ion w a s used to make up a 

1 0 " 4 M CGA t e s t solut ion, s ign i f i can t inhibi t ion was r e c o r d e d at 48 

hours fol lowing t r e a t m e n t and a t 8 days a l l p lan ts w e r e dead . It was 

an t ic ipa ted that if the CGA growth inhibit ion p r o c e s s was ac t ing by 

some m e c h a n i s m which d i s tu rbed the ava i l ab i l i ty of hexose n u t r i e n t s , 

an exogenous s o u r c e of c a r b o h y d r a t e such as s u c r o s e or g lucose 

would a l l ev ia te the r e s p o n s e . This was not the c a s e ; in f a c t , a u g -

menta t ion of the inh ib i to ry p r o c e s s e s o c c u r r e d . The f a i l u r e of 

s u c r o s e or g lucose to r e v e r s e or block the CGA inh ib i to ry e f fec t 
\ 

may ind ica te that the s tunt ing p r o c e s s is not r e l a t ed to a reduced 

t i s s u e hexose content . The augmenta t ion phenomenon d e m o n s t r a t e d 

by the p r e s e n c e of g lucose and s u c r o s e f inds s o m e suppor t in w o r k 

r e p o r t e d by F a r r (42) and Moore (110) who found that 2 p e r cent 

so lu t ions of t he se hexoses potent ia ted the e f f ec t s of IAA on oat 

coleopt i le s e g m e n t s and s u p p r e s s e d root ing and s e n e s c e n s e in r a d i s h 

(Raphanus s a t i v u s , L . ). 
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TABLE VII 

E F F E C T OF EQUIMOLAR CONCENTRATIONS OF VARIOUS 
COMPOUNDS ON 4-CHLOROGLUTARANILIC ACID 

GROWTH INHIBITION 

A m i x t u r e cons i s t ing of the t e s t compound and 4 - c h l o r o g l u t a r a n i l i c 
ac id at 10"^ M concen t ra t ions was added to roo t s of 7 -day -o ld 
hydroponic pouch-grown sunf lower s e e d l i n g s . Obse rva t i ons w e r e 
made 10 days fol lowing appl ica t ion of compounds . 

Compound 

Response * 

Compound 

Augmenta t ion Blockage No Ef fec t 

Glucose + 

S u c r o s e + 

6 B A P 2 
+ 

GA + 

IAA + 

1 
Response =reduction of to ta l plant height va lues . 

' 6 - B e n z y l a m i n o p u r i n e . 
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6 - B A P is a s y n t h e t i c cy tok in in w h i c h m i m i c s t h e a c t i v i t y of 

n a t u r a l l y o c c u r r i n g c o m p o u n d s (129). W h i l e the p r i n c i p a l r o l e of 

cy tok in in s is one of s t i m u l a t i n g c e l l d i v i s i o n and g r o w t h , i t has b e e n 

e s t a b l i s h e d t h a t v a r i o u s r a t i o s of k ine t in to aux in p r o d u c e s a v a r i e t y 

of m o r p h o g e n i c p h e n o m e n a (130). In t y p i c a l c e l l e l o n g a t i o n b i o a s s a y 

s y s t e m s , k ine t in t e n d s to inh ib i t a u x i n - s t i m u l a t e d l ong i tud ina l g r o w t h 

(105). P l a n t s t r e a t e d wi th 10"^ M 6 - B A P showed a 40 p e r c e n t 

r e d u c t i o n in t o t a l he igh t , w h e r e a s the s a m e c o n c e n t r a t i o n of CGA 

p r o d u c e d a 33 p e r c e n t d e c r e a s e in he igh t v a l u e s . A t e s t m i x t u r e 

of e q u i m o l a r c o n c e n t r a t i o n s of 6 - B A P and CGA a p p l i e d to t e s t p l an t s 

r e s u l t e d in n e g l i g i b l e g r o w t h and d e a t h of a l l p l a n t s a t 5 d a y s . The 

s i m u l t a n e o u s a p p l i c a t i o n of 6 - B A P and CGA r e s u l t s in an add i t i ve 

e f f e c t of the s t e m e longa t i on and cy to tox ic p o t e n t i a l of e a c h c o m p o u n d 

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

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

e f f e c t on s t e m e longa t ion in in t ac t p l a n t s , and t h i s a c t i v i t y i s no t 

r e s t r i c t e d to g e n e t i c a l l y d w a r f e d p l an t s (119). A 10"^ M c o n c e n t r a -

t ion of GA t e s t e d r e s u l t e d in a 48 p e r cen t i n c r e a s e in p l an t h e i g h t s . 

S u p p l e m e n t a t i o n of the g r o w t h - i n h i b i t i n g CGA t e s t s o l u t i o n w i t h an 

e q u i m o l a r c o n c e n t r a t i o n of GA r e s u l t e d in p l a n t s wh ich a t t a i n e d 

h e i g h t s t h a t w e r e e q u i v a l e n t to c o n t r o l p l a n t v a l u e s . T h i s b l o c k a g e 

of the inh ib i t ing p r o p e r t i e s of CGA by g i b b e r i l l i c a c i d t e m p t s one to 
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a s s i g n the ro le of an a n t i - g i b b e r i l l i n to CGA. However , this p r o -

posed p r o p e r t y of CGA is p robab ly not the only ac t iv i ty of this c o m -

pound as evidenced by the o c c u r r e n c e of the c h a r a c t e r i s t i c CGA leaf 

changes seen in GA supp lemented t e s t so lu t ions . Most ac t ive 

g r o w t h - r e g u l a t i n g compounds p roduce m o r e than one phys io logica l 

r e s p o n s e in b icassay s y s t e m s . The s t e m elongat ion inhibit ion and 

leaf morpho logy changes produced by CGA a r e an example of th is 

g e n e r a l i z a t i o n . 

The poss ib l e an t i - aux in p r o p e r t i e s of CGA w e r e chal lenged 

by supp lemen ta t ion of t e s t solut ions with IAA. P l an t s t r e a t e d wi th 

IAA alone grew to heights that w e r e i n c r e a s e d 23 pe r cent above con-

t r o l p l an t s . Supplementa t ion of t e s t solut ions with an equ imola r con-

cen t r a t i on of IAA did not a f f e c t the d e m o n s t r a t e d inhib i tory e f fec t of 

CGA and produced plants which had an a v e r a g e height reduct ion of 

28 p e r cent a s c o m p a r e d to c o n t r o l s . IAA did not p ro t ec t aga ins t 

CGA induced leaf changes as was a l so the c a s e with h e x o s e s , 6 - B A P , 

and GA. T h e s e f indings which show a f a i l u r e of IAA to block the 

e f f e c t s of CGA in in tac t plants sugges t s that CGA is not an a n t i -

aux in - l ike compound. However , oat co leopt i le elongat ion s tudies 

r e v e a l e d that in th is t e s t s y s t e m , IAA could p roduce a 90 p e r cent 

r e v e r s a l of CGA-induced inhibit ion of e longat ion (125). 
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Leaf S tud ie s - - P h y s i c a l M e a s u r e m e n t s 

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

- 3 

wi th a 10 M f o l i a r a p p l i c a t i o n of CGA w e r e p h y s i c a l l y e x a m i n e d 

f o r an e x p l a n a t i o n to the m o r p h o l o g i c a l c h a n g e s p r e v i o u s l y d e s c r i b e d 

f r o m g r o s s o b s e r v a t i o n s . T h e s e t e s t s i nc luded t h i c k n e s s m e a s u r e -

m e n t s , w e i g h i n g of leaf d i s c s , and e x a m i n a t i o n of c r o s s s e c t i o n s by 

l ight m i c r o s c o p y . Data on w e i g h t and t h i c k n e s s m e a s u r e m e n t s a r e 

s u m m a r i z e d in T a b l e VIII . T h e t h i c k n e s s of t r e a t e d leaf t i s s u e t a k e n 

f r o m two d i f f e r e n t l o c a t i o n s w a s i n c r e a s e d by a v a l u e of 45 m i c r o n s 

a s c o m p a r e d to c o n t r o l s . An a v e r a g e i n c r e a s e in w e t w e i g h t of 10 

mg a c c o m p a n i e d the i n c r e a s e d t h i c k n e s s of t r e a t e d t i s s u e . M i c r o -

s c o p i c e x a m i n a t i o n of t r e a t e d t i s s u e p r e p a r a t i o n s showed no m a j o r 

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

e v i d e n t . E v e n though no obvious a c c u m u l a t i o n s of e x t r a c e l l u l a r f lu id 

could be d e t e c t e d by m i c r o s c o p i c e x a m i n a t i o n , one ge t s the i m p r e s s i o n 

f r o m low p o w e r (10X) e x a m i n a t i o n t h a t an i n c r e a s e d s u c c u l e n c e 

a c c o m p a n i e s t r e a t m e n t of l e a v e s wi th i n h i b i t o r y l e v e l s of CGA. It 

has b e e n r e p o r t e d t h a t w h e n s u b l e t h a l d o s e s of t h e g r o w t h - r e g u l a t i n g 

c o m p o u n d s s i m a z i n e and d i u r o n a r e app l i ed to the s o i l of p o t - g r o w n 

s u n f l o w e r s e e d l i n g s , a m e a s u r a b l e i n c r e a s e in leaf w a t e r con t en t 

o c c u r s (55). A l s o , s t u d i e s conduc t ed on the g r o w t h of p ine (P inus 

r o s e n o s a , L . ) s e e d l i n g s s u b j e c t e d to s u b l e t h a l c o n c e n t r a t i o n s of 
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TABLE VII 

PHYSICAL MEASUREMENTS OF LEAF SAMPLES FROM 
SUNFLOWER SEEDLINGS TAKEN TEN DAYS 

FOLLOWING APPLICATION OF 1 0 - 3 M 
4-CHLOROGLUTARANILIC ACID 

T e n - d a y - o l d s o i l - g r o w n plants r ece ived f o l i a r appl ica t ion of the t e s t 
compound and 12 m m leaf d i s c s w e r e punched f r o m two d i f f e r en t 
loca t ions of s e c o n d a r y l eaves f o r ana lys i s 

T i s s u e T e s t e d T h i c k n e s s Wet Weight 

(n) ( m g ) 

Con t ro l - m i d r i b 158 2 1 . 2 

Con t ro l - p e r i p h e r a l vein 155 20. 1 

T r e a t e d - m i d r i b 201 32. 3 

T r e a t e d - p e r i p h e r a l vein 200 30. 3 
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2 , 4 - D deve loped a b n o r m a l d iv i s ion and expans ion of co ty ledon and 

leaf m e s o p h y l l c e l l s (165). It is p o s s i b l e t ha t the i n c r e a s e in we igh t 

and t h i c k n e s s of CGA t r e a t e d leaf d i s c s a m p l e s is due to the a b n o r m a l 

a c c u m u l a t i o n of w a t e r . H o w e v e r , when a quan t i ty of 1 c m t r e a t e d 

and c o n t r o l leaf d i s c s w e r e d r i e d in a hot a i r oven to c o n s t a n t we igh t , 

t r e a t e d d i s c s w e r e f r o m 28 to 40 p e r cen t h e a v i e r t han c o n t r o l s . 

Th i s f inding ind ica t e s tha t the i n c r e a s e d we igh t is due to an i n c r e a s e 

in d r y weight m a t t e r in t r e a t e d leaf s a m p l e s . T h i s i n c r e a s e in d r y 

weigh t could r e f l e c t the p r e s e n c e of add i t i ona l m e s o p h y l l t i s s u e 

p r e s e n t in convolu ted leaf t i s s u e s a m p l e s . 

Leaf S tud ies - - C h l o r o p l a s t U l t r a s t r u c t u r e 

It has been r e p o r t e d tha t s o m e of the m o s t a c t i v e p lan t 

g rowth inhibi tors a c t by d i s r u p t i o n of the Hi l l r e a c t i o n . T h e s e c o m -

pounds a r e s u b s t i t u t e d a m i d e s which have the g e n e r a l f o r m u l a 

H O 

R j - N - C - R 2 ' w h e r e R j is an a r o m a t i c r i ng d i c h l o r o n a t e d in pos i t ions 

3 and 4 , and R2 is an a lky l a m i n o or a lky l g r o u p (112). As the 

compound 4 - c h l o r o g l u t a r a n i l i c ac id p o s s e s s e s th i s g e n e r a l f o r m u l a , 

e l e c t r o n m i c r o g r a p h s w e r e made of t r e a t e d leaf t i s s u e to d e t e r m i n e 

if a c o r o l l a r y ex i s t ed b e t w e e n g rowth inhib i t ion and o b s e r v a b l e d i s -

rup t ion of the c h l o r o p l a s t u l t r a s t r u c t u r e . T r e a t e d t i s s u e c h l o r o p l a s t s 

showed n o r m a l b i concave s h a p e s , o r i e n t a t i o n p a r a l l e l to c e l l w a l l s , 
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p r e s e n c e of g rana or ien ted p a r a l l e l to long axis of c h l o r o p l a s t s , 

intact g r a n a , pe r iod ic i ty of thylakoid m e m b r a n e s , and intact thylakoid 

and i n t e r g r a n a l m e m b r a n e s (Fig . 10). T h e s e c h a r a c t e r i s t i c s a r e 

a l l cons ide red n o r m a l f o r c h l o r o p l a s t s found in leaves of h igher 

p lants (92). A m a j o r obse rvab l e d i f f e r e n c e between con t ro l t i s s u e 

and CGA t r e a t e d leaf c h l o r o p l a s t s was an absence or d e c r e a s e in the 

n u m b e r of s t a r c h vacuo les (F igs . 11 and 12). It was fe l t that this 

obse rva t ion should be quant i ta ted and a n u m b e r of s p e c i m e n s w e r e 

examined f o r the p r e s e n c e or ab sence of s t a r c h vacuo l e s . The a v e r -

age p e r cent o c c u r r e n c e of s t a r c h g r anu l e s in CGA t r e a t e d leaf 

c h l o r o p l a s t s was 11 p e r cent a s c o m p a r e d to a 60 pe r cent value f o r 

con t ro l t i s s u e (Table IX). 

Re la t ive ly l i t t le i n f o r m a t i o n has been a s s e m b l e d which 

d e s c r i b e s u l t r a s t r u c t u r a l t i s s u e changes a s s o c i a t e d wi th growth inh i -

bit ion caused by appl ica t ion of g r o w t h - r e g u l a t i n g compounds . It has 

been r e p o r t e d that 3 - a m i n o - s - t r i a z o l e ( ami t ro l e ) b locks the deve lop-

ment and s t r u c t u r a l d i f f e r en t i a t i on of p rop l a s t i d s in wheat ( T r i t i c u m 

a e s t i v u m , L. ) (9). Examina t ion of l eaves f r o m 3, 4 - d i c h l o r o b e n z y l -

m e t h y l c a r b a m a t e (d ich lo rmate ) t r e a t e d wheat showed no g r a n a f r e t 

m e m b r a n e s or r i b o s o m e s in t h e i r c h l o r o p l a s t s (10). Klein (83) 

d e s c r i b e d a l t e r a t i o n s in ch lo rop l a s t f ine s t r u c t u r e that occur fo l low-

ing growth inhibi t ion caused by 3 - ( p - c h l o r o p h e n y l ) - l , 1 -
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TABLE IX 

PER CENT OCCURRENCE OF STARCH GRANULES IN CHLORO-
PLASTS OF SUNFLOWER SEEDLINGS T R E A T E D WITH 

10" 3 M 4-CHLOROGLUTARANILIC ACID 

T e n - d a y - o l d s o i l - g r o w n plants rece ived f o l i a r appl ica t ion of compound 
and leaf s a m p l e s w e r e taken f o r e l e c t r o n m i c r o g r a p h study 10 days 
fol lowing t r e a t m e n t . The fol lowing is an example of how quant i ta t ion 
p r o c e d u r e s w e r e a c c o m p l i s h e d : 

M i c r o s c o p i c 
Sample No. 

Ch lo rop l a s t s 
Counted 

S t a r c h Granu les 
Counted 

% O c c u r r e n c e of 
S t a r c h Granu les 

108 67 62 

T i s s u e Examined N u m b e r of ^ 
Leaf Samples 

A v e r a g e % O c c u r r e n c e 
of S t a r c h Granules 

Con t ro l 9 60 

T r e a t e d 10 11 

Two e l e c t r o n m i c r o g r a p h sec t ions w e r e p r e p a r e d f r o m each 
leaf s a m p l e t aken , making a to t a l of 18 c o n t r o l and 20 t r e a t e d s p e c i -
mens e x a m i n e d . 
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d i m e t h y l u r e a ( m o n u r o n ) . T h e s e c h a n g e s inc luded r e d u c e d n u m b e r 

of g r a n a p e r c h l o r o p l a s t in t r e a t e d b e a n ( P h a s e o l u s v u l g a r i s , L . ) 

l e a v e s and e n l a r g e m e n t of i nd iv idua l g r a n a . 

The e f f e c t s of 2 - c h l o r o - 4 - ( E t h y l a m i n o ) - 6 - ( i s o p r o p y l - a m i n o ) 

- s - t r i a z i n e ( a t r a z i n e ) on b e a n leaf t i s s u e a s r e p o r t e d by A s h t o n (3) 

inc lude a s p h e r i c a l r a t h e r t han the n o r m a l s h a p e d c h l o r o p l a s t s , 

a b s e n c e of s t a r c h g r a n u l e s in the l a m e l l a r s y s t e m , d e s t r u c t i o n of 

f r e t w o r k , and s w o l l e n o r r u p t u r e d g r a n a l c o m p a r t m e n t s . Hi l l e t a l . 

(66) r e p o r t e d s i m i l a r a t r a z i n e e f f e c t s on b a r n y a r d g r a s s ( E c h i n o -

cho la c r u s g a l l , L . ) c h l o r o p l a s t s . T h e e f f e c t s of 5 - a m i n o - 4 -

c h l o r o - 2 - p h e n y l - 3 ( 2 H ) - p y r i d a z i n o n e ( p y r a z o n ) on bean leaf c h l o r o -

p l a s t u l t r a s t r u c t u r e o b s e r v e d by A n d e r s o n and S c h a e l l i n g (2) w e r e 

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

of c h l o r o p l a s t s , i nh ib i t ion of g r a n a f o r m a t i o n , s w o l l e n and p e r f o r a t e d 

t h y l a k o i d s , a b s e n c e of s t a r c h v a c u o l e s , and b r e a k a g e of o u t e r c h l o r o -

p l a s t m e m b r a n e s . R e s u l t s of c h l o r o p l a s t u l t r a s t r u c t u r a l c h a n g e s 

s i m i l a r to t h o s e d e s c r i b e d f o r a t r a z i n e and p y r a z o n h a v e b e e n r e p o r t e d 

f o r 2 , 4 - d i c h l o r o - p h e n o x y a c e t i c ac id (60) and a n a l o g u e s of p y r i m i d i n e 

s u c h a s 2 - t h i o u r a c i l (64) and b r o m o u r i c i l (67, 4) . 

R e p o r t s by B a r t e l s and P e g e l o w (11) i n d i c a t e t h a t 3 , 4 -

d i c h l o r o b e n z y l m e t h y l c a r b a m a t e ( s i r m a t e ) c a u s e s b r e a k d o w n of c h l o r o -

p l a s t s and d i s a p p e a r a n c e of the 70S c h l o r o p l a s t r i b o s o m e s in b e a n 

s e e d l i n g l e a v e s . 
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M a t u r e l eaves of b a r l e y (Hordeum v u l g a r e , L. ), r a d i s h 

(Raphanus s a t i vus , L. ), and mar igo ld (Chrysan themum s e g e t u m , L. ) 

f r o m plants t r e a t e d with 3, 5 - d i c h l o r o - 2 , 6 - d i f l u o r o - 4 - h a l o x y p y r i d i n e 

(Haloxydine) p o s s e s s e d c h l o r o p l a s t s which v a r i e d in s t r u c t u r e f r o m 

s l ight ly swol len to comple te ly de s t royed (37). 

The r e p o r t e d e f f ec t s of 1, 1 - d i m e t h y l - 4 , 4 -b i -py r idy l i um-2A 

(paraquat ) on m e s q u i t e (P rosop i s j u l i f l o r a , L. ) mesophyl l ce l l 

c h l o r o p l a s t s inc lude, r u p t u r e of ch lo rop l a s t m e m b r a n e s , loss of 

c h l o r o p l a s t t u r g o r , and reduc t ion in the n u m b e r of s t a r c h vacuoles 

p r e s e n t p e r c h l o r o p l a s t (16). 

In a l l of the p r ev ious ly ci ted observa t ions , the g rowth-

regula t ing compound to be t e s ted was appl ied in concentra t ions s u f f i -

c ient to p roduce obse rvab le plant growth inhibit ion as m e a s u r e d by 

reduc t ion of to ta l plant height as c o m p a r e d to c o n t r o l s . 

S e v e r a l p r o p o s a l s have been made to explain the ch lo rop las t 

a b n o r m a l i t i e s d e s c r i b e d . T h e s e a r e inhibit ion of the light r eac t ion 

and, hence , pho tosyn thes i s , by inhibit ing thylakoid s t r u c t u r a l p ro te in 

f o r m a t i o n which depends upon the syn thes i s of A T P , e i t h e r d i r e c t l y 

or i nd i r ec t ly , and thus , d i s rup t ing ex is t ing thylakoid s t r u c t u r e , 

d i r e c t lipid so lvent e f f ec t on m e m b r a n e s to b r i ng about d i s so lu t ion of 

the o rgane l l e s t r u c t u r e , i n t e r f e r e n c e with nucle ic ac id m e t a b o l i s m , 
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b l o c k a g e of p r o t e i n s y n t h e s i s , and r e d u c t i o n in c a r o t e n o i d p i g m e n t 

s y n t h e s i s t h e r e b y expos ing the c h l o r o p h y l l s to p h o t o - o x i d a t i o n . 

T h e l a c k of u l t r a s t r u c t u r e c h a n g e s in leaf c h l o r o p l a s t s , 

o the r than a r e d u c t i o n in s t a r c h v a c u o l e s , f r o m p l a n t s w h i c h h a v e 

o 

b e e n t r e a t e d wi th a g r o w t h - s t u n t i n g c o n c e n t r a t i o n (10 M) of 

4 - c h l o r o g l u t a r a n i l i c a c i d s u g g e s t s t h a t t he inh ib i t ing e f f e c t is not 

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

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

A d e c r e a s e o r a b s e n c e of s t a r c h v a c u o l e s in e l e c t r o n 

m i c r o g r a p h v i s u a l i z a t i o n s of leaf c h l o r o p l a s t s h a s b e e n r e p o r t e d f o r 

p l an t s t r e a t e d wi th g r o w t h - r e g u l a t i n g c o m p o u n d s . T h e s e f i nd ings 

w e r e p r e v i o u s l y m e n t i o n e d in c a s e s w h e r e p l an t s w e r e t r e a t e d w i th 

a t r a z i n e , p y r a z o n , 2 , 4 - d i c h l o r o - p h e n o x y a c e t i c a c i d , and p a r a q u a t . 

I t would thus a p p e a r tha t a d e c r e a s e in the n u m b e r of o b s e r v a b l e s t a r c h 

v a c u o l e s i s not un ique to the c o m p o u n d 4 - c h l o r o g l u t a r a n i l i c a c i d . 

P o s s i b l e e x p l a n a t i o n s f o r the d e c r e a s e in s t a r c h g r a n u l e s a r e p r e -

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

t r e a t e d leaf t i s s u e s a m p l e s . 

Leaf C h e m i s t r y - - S o l u b l e H e x o s e s and E x t r a c t a b l e S t a r c h 

A s u r v e y of t h e m a j o r c h e m i c a l leaf c o m p o u n d s s e e m e d in 

o r d e r in an e f f o r t to p inpo in t m a j o r a r e a s of i n t e r f e r e n c e of leaf 
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organ m e t a b o l i s m by inhib i tory levels of CGA. Quant i ta t ive ana lyses 

w e r e p e r f o r m e d to d e t e r m i n e the p r e s e n c e of soluble h e x o s e s , e x t r a c -

tab le s t a r c h , soluble p r o t e i n s , and to ta l ex t r ac t ab l e fa t ty ac ids 

(Table X). 

S e v e r a l methods of soluble leaf s u g a r quant i ta t ion w e r e t r i ed 

and r e j e c t e d f o r lack of p r e c i s i o n . The good p r e c i s i o n and appa ren t 

spec i f i c i t y of the phenol s u l f u r i c acid s u g a r d e t e r m i n a t i o n sugges t s 

th is to be a valid m i c r o c o l o r i m e t r i c t e s t f o r leaf t i s s u e c rude homo-

genate s u g a r s . Excluding that por t ion of leaf homogenate which was 

r emoved by f i l t r a t i o n it can be a s s u m e d that a l l po ly saccha r ide s that 

a r e hydro lyzab le to hexose m o n o m e r s , under the condit ions 

d e s c r i b e d , w e r e being t e s t ed c o l o r i m e t r i c a l l y . The s t a t i s t i c a l " t " 

va lues ca lcu la t ed f o r e x p e r i m e n t a l s u g a r t e s t s w e r e g r e a t e r than 

va lues obtained f r o m s ign i f i cance l imi t t ab les and it can be s ta ted 

that f o r the condi t ions def ined , the d i f f e r e n c e in data va lues is a r e a l 

change and s i m i l a r changes can be expected in ident ica l ly t r e a t e d 

f u t u r e s a m p l e s . The reduced quant i ty of soluble hexoses in t r e a t e d 

l eaves is f e l t to be due to the ac t iv i ty of CGA. E x p e r i m e n t a l t i s s u e s 

w e r e exposed to a s t a r c h ex t r ac t i on p r o c e d u r e and the phenol s u l f u r i c 

acid method was employed to quant i ta te ex t r ac t i on so lu t ions . The 

low value r e p o r t e d (68 p e r cent of con t ro l s ) c o n f i r m s the leaf 

c h l o r o p l a s t u l t r a s t r u c t u r e s tud ies which indicated a r educ t ion in the 
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TABLE X 

CHEMICAL ANALYSIS OF SUNFLOWER SEEDLING LEAVES 
TREATED WITH 1CT3 M 4-CHLOROGLUTARANILIC 

ACID 

T e n - d a y - o l d s o i l - g r o w n plants r ece ived f o l i a r app l i ca t ion of the t e s t 
compound and 10 days a f t e r t r e a t m e n t , 12 m m d i s c s w e r e punched 
f r o m af fec ted s e c o n d a r y l eaves of t r e a t e d and c o n t r o l p l an t s . 
Ana lys i s was p e r f o r m e d on e x t r a c t s of leaf d i s c s . 

Components Control ' ' ' 

M'S/rag d r y wt 

T e s t 1 

Lig/mg d r y wt 

% of Con t ro l 

Soluble Hexoses 97 .5 7 4 . 4 76. 3 

E x t r a c t a b l e S t a r c h 233. 0 159. 0 68. 3 

Soluble P r o t e i n s 127. 0 101. 0 79. 5 

To ta l E x t r a c t a b l e 
F a t t y Acids 

73. 0 75. 0 102. 7 

Data a r e a v e r a g e s of va lues obtained f r o m 10 p l a n t s . 
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amoun t of leaf s t o r a g e s t a r c h in CGA t r e a t e d p lan t s . A l t e r a t i ons in 

c a r b o h y d r a t e m e t a b o l i s m produced by g rowth - r egu la t i ng subs t ances 

a r e known to o c c u r . Hayash i r e p o r t e d that g ibbere l l ins a f f ec t 

a - a m y l a s e p roduc t ion in whea t g ra ins a s e a r l y a s 1940 (63). Since 

that t i m e , n u m e r o u s e x p e r i m e n t s have been conducted which impl ica te 

the ac t iv i ty of g r o w t h - r e g u l a t i n g compounds wi th plant c a rbohyd ra t e 

m e t a b o l i s m . It has been shown that a - a m y l a s e shows a two-fold 

i n c r e a s e in ac t iv i ty in l eaves when the plant r e c e i v e s t r e a t m e n t with 

cytokinen and GA (39). A s e r i e s of g r o w t h - r e g u l a t o r s t e s t ed in 

b a r l e y (Hordeum v u l g a r e , L. ) s eeds w e r e shown to a l m o s t comple te ly 

inhibit the ac t iv i ty of a - a m y l a s e induced by exogenous g ibbere l l i c 

_4 

ac id . T h e s e compounds w e r e appl ied a t 10 M concen t ra t ions and 

included 2, 3, 6 - t r i c h l o r o p h e n y l a ce t i c ac id (fenac) , 3, 5 - d i b r o m o - 4 -

hydroxybenzon i t r i l e (bromoxyni l ) , 2, 3 - d i c a r b o x y l i c ac id (endothal), 

and 1, 1 - d i m e t h y l - 4 , 4 - b i p y r i d i n i u m (paraquat) (76). Cytokinen 

has been r e p o r t e d to r e v e r s e the a b s c i s i c ac id inhibi t ion of growth 

and a - a m y l a s e p roduc t ion with a concomi tan t d e c r e a s e in s t a r c h 

o c c u r r i n g in b a r l e y s e e d s (80). Galsky and Lippincot t (50) r e p o r t e d 

that s u b s t r a t e l eve l s of g lu tamate and a s p a r t a t e induced 

a - a m y l a s e p roduc t ion in b a r l e y s e e d s . 

The e f f ec t s of kinet in on s t a r c h and s u g a r levels on f loated 

Chinese cabbage ( B r a s s i c a pek inens i s , L. ) leaf d i s c s w e r e inves t iga ted 
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by B e r r i d g e and Ralph (22), and r evea l ed that kinet in caused g r o s s 

s t a r c h deg rada t ion . N e u t r a l s u g a r s w e r e d e p r e s s e d by 30 to 40 pe r 

cent in leaf t i s s u e t r e a t e d wi th kinet in . S - t r i a z i n e s appl ied to leaves 

of pea ( P i s u m sa t ivum, L. ) and swee t c o r n (Zea m a y s , L . ) a t 

sub le tha l doses caused an i n c r e a s e in the ac t iv i ty of a - a m y l a s e and a 

d e c r e a s e in s t a r c h and soluble s u g a r s (166). 

One can p ropose s e v e r a l poss ib l e modes of invo lvement 

w h e r e b y CGA might a f f e c t s t a r c h m e t a b o l i s m . T h e s e pos s ib i l i t i e s 

a r e l i s ted below. 

1. Inhibit ion of the H i l l -Benda l l r eac t i on with its s y s t e m 

of photophosphoryla t ion and produc t ion of NADPH 

reduc ing equ iva len t s . 

2 . Dis rup t ion of the Calvin cyc le which r e d u c e s CO- to 
Cd 

c a r b o h y d r a t e p r e c u r s o r s of s t a r c h . 

3. Inhibit ion of a s t e p or s t eps in the i n t e r m e d i a r y pathway 

that r e s u l t s in syn thes i s of s t a r c h f r o m g lucose . 

4 . Uncoupling of an e n e r g y ut i l iza t ion s y s t e m which would 

r e s u l t s e c o n d a r i l y in deple t ion of s t a r c h r e s e r v e s . 

5. Cause s t imu la t ion or inhibit ion of endogenous l eves l of 

g r o w t h - r e g u l a t i n g s u b s t a n c e s which con t ro l s s t a r c h 

syn thes i s o r deg rada t ion . 



76 

Selec t ion of one of t h e s e proposed m e c h a n i s m s is quite specu la t ive , 

but s o m e p r e v i o u s l y acqu i r ed data may allow the d i s c a r d i n g of the 

f i r s t s c h e m e . Sa rgen t (125) t e s t ed the e f f ec t s of inhibi tory levels 

of CGA on oat co leopt i l es under d a r k - g r o w t h condi t ions , and found a 

r educ t ion in hydro lyzable s u g a r s . If the hydro lyzable s u g a r s 

r e f l e c t s t a r c h content then it would a p p e a r that CGA can e x e r t its 

e f fec t on s t a r c h m e t a b o l i s m in Ihe absence of l ight. This i n f o r m a -

t ion plus the r e f e r e n c e s ci ted r e g a r d i n g the inf luence of g rowth-

regula t ing compounds on a - a m y l a s e makes p r o p o s a l n u m b e r 5 the 

m o s t a t t r a c t i v e hypo thes i s . 

If CGA w e r e able to e x e r t i ts e f f ec t on s t a r c h m e t a b o l i s m 

in plants o ther than sunf lower , it may be of p r a c t i c a l va lue to the 

s u g a r producing i ndus t ry . Fol lowing a r e p o r t to the sc ien t i f i c c o m -

munity r e g a r d i n g CGA inf luence on c a r b o h y d r a t e m e t a b o l i s m , a 

communica t ion was r ece ived f r o m Wise*' of the U .S . D e p a r t m e n t of 

A g r i c u l t u r e which s ta ted in p a r t : 

A compound which would i n c r e a s e the e f f i c i ency of 
s u c r o s e s t o r a g e at the expense of s t a r c h in the s u g a r 
bee t would be a s ign i f ican t cont r ibut ion to the beet indus -
t r y (162), 

* P e r s o n a l Communica t ion , Wise , U . S . D . A . , A g r i c u l t u r a l 
R e s e a r c h S e r v i c e P l an t Sc ience R e s e a r c h Divis ion, T e x a s R e s e a r c h 
L a b o r a t o r y , Logan, Utah: 
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L e a f - C h e m i s t r y - - S t a r c h Content v s . Growth Inhibit ion 

_3 

It has been d e t e r m i n e d that a 10 M concen t r a t ion of CGA 

applied to leaves of s o i l - g r o w n sunf lower seed l ings produced a 33 pe r 

cent a v e r a g e reduct ion in to ta l plant height . Also , da ta showed 

that a 32 p e r cent d e c r e a s e of leaf s t a r c h o c c u r r e d 10 days fol lowing 

CGA t r e a t m e n t . It s e e m e d that a t i m e - c o u r s e s tudy would be in o r d e r 

to poss ib ly d e t e r m i n e if a phys io log ica l r e l a t i o n s h i p ex is ted between 

t h e s e two o b s e r v a t i o n s . It can be s e e n f r o m the graphed data p r e -

sented (Fig . 13), tha t a d e c r e a s e in to ta l plant height is de t ec t ab l e 

at s o m e point between z e r o t i m e and 24 hours fol lowing CGA t r e a t -

men t . Th i s inhibi t ion in s t e m elongat ion cont inues to occur at a 

r e l a t i v e l y s t eady r a t e a t l e a s t up to the 10th day, at which t i m e a 33 

pe r cent a v e r a g e height reduc t ion is e x p r e s s e d . Under the e x p e r i -

men ta l condi t ions employed , a d e c r e a s e in the l eve l of leaf s t a r c h is 

not de tec tab le f o r the f i r s t 24 h o u r s . A f t e r 24 h o u r s , the leve l is 

r e p o r t e d to d r o p r e l a t i ve ly rap id ly up through the 4th day and then 

cont inues to d e c r e a s e but a t a much s l o w e r r a t e up t o d a y 10. 

T h e s e f indings imply tha t CGA m a y e x e r t i ts phys io log ica l 

e f fec t s of s t e m growth inhibit ion and s t o r a g e s t a r c h deple t ion inde-

pendent ly of each o t h e r . It would s e e m , at l e a s t , that inhibit ion of 

s t e m elongat ion is not dependent on, or is a s e c o n d a r y r e s u l t of, 
leaf s t a r c h dep le t ion . 
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H e i g h t 

4 10 

D a y s F o l l o w i n g A p p l i c a t i o n of T e s t C o m p o u n d 

F i g . 1 3 - - L e a f s t a r c h c o n t e n t of s u n f l o w e r s e e d l i n g s t r e a t e d 
w i t h 10"^ M 4 - c h l o r o g l u t a r a n i l i c a c i d v e r s u s c h a n g e in t c t a l p l a n t 
h e i g h t . T e n - d a y - o l d s o i l - g r o w n p l a n t s r e c e i v e d f o l i a r a p p l i c a t i o n of 
t h e t e s t c o m p o u n d a n d 12 m m leaf d i s c s w e r e p u n c h e d a t d a i l y i n t e r -
v a l s f r o m a f f e c t e d s e c o n d a r y l e a v e s of p l a n t s a n d a n a l y z e d f o r 
e x t r a c t a b l e s t a r c h . D a t a r e p r e s e n t a v e r a g e s o f a t l e a s t 6 t r e a t e d and 
c o n t r o l i n d i v i d u a l s t a r c h a n a l y s i s v a l u e s f o r e a c h d a i l y i n t e r v a l a n d 
p l a n t h e i g h t m e a s u r e m e n t s r e p r e s e n t a v e r a g e s of t r i p l i c a t e e x p e r i -
m e n t s c o n s i s t i n g of 10 p l a n t s e a c h . 



79 

Leaf C h e m i s t r y - - S o l u b l e P r o t e i n s 

It has been r e p o r t e d that the Lowry technique can be used 

to e s t i m a t e bu f f e r soluble plant leaf p ro t e ins provided they a r e f i r s t 

p rec ip i t a t ed with t r i c h l o r o a c e t i c ac id , and that if p ro t e in s a r e not 

p rec ip i t a t ed s h o r t l y a f t e r ex t r ac t ion , i n t e r f e r i n g subs t ances c o n t r i -

bute to l a rge e r r o r s in the d e t e r m i n a t i o n s (36). I n f o r m a t i o n 

obtained f r o m known p ro t e in addi t ion t e s t s and t r i p l i c a t e ana ly s i s 

data indica te that if leaf t i s s u e homogena tes a r e p r e p a r e d in d i s t i l l ed 

w a t e r as a so lvent ins tead of a bu f f e r so lu t ion the lack of p r e c i s i o n 

a s s o c i a t e d with the Lowry t e s t is not a p r o b l e m and that p rec ip i t a t ion 

of soluble p ro t e in s is not a n e c e s s i t y in obtaining val id da ta . On the 

b a s i s of informat ion p r e s e n t e d it a p p e a r s that if the condi t ions f o r 

p r e p a r a t i o n of leaf t i s s u e homogena tes a r e fol lowed as d e s c r i b e d , 

the Lowry method is a u s e f u l technique f o r c o m p a r i n g r e l a t i ve amounts 

of soluble p ro t e in s found in leaf t i s s u e s of 20 -day-o ld sunf lower 

(Helianthus annuus , L. ) s e e d l i n g s . The a v e r a g e value of 127 p,g 

BPA p ro t e in equiva lents p e r mg d r y weight (Table X) r e p r e s e n t s 

12. 7 p e r cent soluble p ro t e in p e r mg d r y t i s s u e weight which c o m -

p a r e s f a v o r a b l y wi th r e p o r t e d soluble p ro t e in va lues of 9 p e r cent 

f o r Fo l in r e agen t ana ly s i s on c r u d e homogenate of b a r l e y (Hordeum 

v u l g a r e , L. ) l eaves (75), 20 p e r cent f o r B iu re t a n a l y s i s of 15-

day-o ld pea ( P i s u m sa t i vum, L. ) l eaves (132) and 13.4 - 2 7 . 5 p e r 



80 

c e n t f o r t h r e e s p e c i e s of ed ib le p l a n t s (Splanum m e l o n g e n a , L. ; 

S o l a n u m m o d i f i c a t i o n , L . ; and Y e r o n i a a m y g d a l i n a , L . ) (116) 

T h e 20 p e r c e n t so lub l e p r o t e i n r e d u c t i o n in l e a v e s of 

4 - c h l o r o g l u t a r a n i l i c ac id t r e a t e d s u n f l o w e r s e e d l i n g s (Tab le X) 

c a n n o t be e x p l a i n e d on t h e b a s i s of e x p e r i m e n t a l i n f o r m a t i o n a c q u i r e d 

to d a t e . Some e x p l a n a t i o n s , h o w e v e r , c a n be p r o v i d e d b y w a y of 

specu l a t i on . The c e l l u l a r p r o t e i n s t h a t a r e m o s t l ike ly to be so lub le 

in an a q u e o u s s o l u t i o n would be e n z y m e s , n u c l e i c ac id bound b a s i c 

p r o t e i n s , and s t r u c t u r a l p r o t e i n s would t end to be i n s o l u b l e in d i s -

t i l l ed w a t e r and would r e q u i r e m o r e v i g o r o u s e x t r a c t i o n p r o c e d u r e s 

and s p e c i f i c ion ic s t r e n g t h and pH s o l u t i o n s f o r s o l u b i l i z a t i o n . 

A v a i l a b l e e v i d e n c e s u g g e s t s an i n v o l v e m e n t of p l an t g r o w t h r e g u l a -

t o r s in p r o t e i n s y n t h e s i s . W h i t m o r e (159) p r e s e n t e d d a t a showing 

t h a t i ndo le a c e t i c a c i d a t a 10"^ M c o n c e n t r a t i o n s t o p s f o r m a t i o n of 

p e r o x i d a s e i s o e n z y m e s in bo th so lub l e and bound e n z y m e f r a c t i o n s . 

V o r o b ' e v h a s r e p o r t e d t h a t 2, 4 - d i c h l o r o p h e n o x y a c e t i c ac id s e l e c t i v e l y 

inh ib i t s p l an t p r o t e i n s y n t h e s i s a s e v i d e n c e d by s t r o n g l y d e p r e s s e d 

r a t e s of i n c o r p o r a t i o n into leaf p r o t e i n s (149). S tud i e s on a 

l a r g e n u m b e r of h e r b i c i d e s d e m o n s t r a t e d t h a t in v ivo RNA and p r o -

t e i n b i o s y n t h e s i s w a s inh ib i t ed in t r e a t e d p l a n t s (111). T h e a b i l i t y 

of p l a n t - g r o w t h r e g u l a t o r s s u c h a s indole a c e t i c a c i d , g i b b e r i l l i c 

a c i d , 2 , 4 - d i c h l o r o p h e n o x y a c e t i c a c i d , and 2 , 4 , 5 -
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-4 
t r i ch lo rophenoxyace t i c ac id , a t concen t r a t ions of 10 M, to c a u s e 

d e c r e a s e s in the t h e r m a l mel t ing of highly p o l y m e r i z e d DNA is 

addi t iona l evidence of the poss ib le ind i rec t c o n t r o l of p ro t e in syn the -

s i s by plant growth r e g u l a t o r s (8). If 4 - c h l o r o g l u t a r a n i l i c ac id is 

exe r t ing a phys io log ica l e f fec t on plants s i m i l a r to tha t of c u r r e n t l y 

s tudied plant growth r e g u l a t o r s , then a poss ib l e r o l e in the c o n t r o l of 

p ro t e in syn thes i s can be a s s igned to this compound. 

Leaf C h e m i s t r y - - E x t r a c t a b l e F a t t y Acids 

Leaf t i s s u e s a m p l e s obtained f r o m s o i l - g r o w n sunf lower 

_3 

seed l ings , which had r ece ived f o l i a r app l ica t ion of 10 M 

4 - c h l o r o g l u t a r a n i l i c ac id , w e r e ana lyzed f o r t o t a l e x t r a c t a b l e fa t ty 

ac ids (Table X). The p r i n c i p a l f a t ty ac ids de tec ted w e r e h e x a -

decanoic (Pa lmi t i c ) 23 p e r cen t , oc tadecadienoic (Linoleic) 18 

p e r cen t , and oc t adeca t r i eno ic (Linolenic) 58 p e r cent (Table XI ) . 

Data f r o m the l i t e r a t u r e r e g a r d i n g type and quant i ty of f a t ty ac ids 

m o s t commonly found in h igher p lan t s , indicated tha t the m a j o r 

components a r e C16:0, C18:2, and C18:3 (65), which w e r e a l s o the 

p redominan t f a t t y ac ids ident i f ied in this s tudy. 

C18:3 usua l ly p r e d o m i n a t e s in leaf l ipids along with C16:0 

and both have been found in t h e s e r e s p e c t i v e quant i t ies in l eaves of 

the kapok t r e e (Ceiba y e n t a n d r a , L. ), P a n a m a bush (Stercul ia 
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TABLE XI 

F A T T Y ACID ANALYSIS OF SUNFLOWER SEEDLING LEAVES 
T R E A T E D WITH 1 0 ' 3 M 4-CHLOROGLUTARANILIC ACID 

T e n - d a y - o l d , s o i l - g r o w n plants r ece ived f o l i a r appl ica t ion of the 
t e s t compound and 10 days a f t e r t r e a t m e n t 12 m m d i s c s w e r e 
punched f r o m a f f ec t ed s e c o n d a r y leaves of t r e a t e d and con t ro l p lan t s . 
Ana lys i s was p e r f o r m e d on e x t r a c t s of leaf d i s c s . 

P e r c e n t a g e of To t a l F a t t y Acid 

F a t t y Acid 
Contro l* T r e a t e d * 

(%) (%) 

16:0 24 23 

18:2 16 18 

18:3 59 58 

1 

s a m p l e s . 
Data p r e s e n t e d a r e a v e r a g e s of va lues f r o m 5 leaf d i sc 
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foetida, L. ), and choolmoyric t r ee (Hydnoearpus wightiane, L. ) 

(78). The m a j o r fat ty acids repor ted for leaves of rye (Secale 

ce re ale , L. ), English rye g r a s s (Lolium perenne , L. ), and wheat 

(Tri t icum es t ivum, L. ) were C16:0, C18:2, and C18:3, wi thC18:3 

occurr ing in the highest quantities and C18:2 in the sma l l e s t amounts 

for these 3 fat ty acids (87). 

Most fat ty acids of young, green leaves of higher plants 

appear to be incorporated into galactol ipids, sulfol ipids , and phospho-

lipids (126, 127, 20, 163), and these compounds a r e assoc ia ted p r i -

mar i ly with chloroplast and mitochondrial membranes (21). A 

photosynthetic function was init ially proposed fo r linolenic acid (c is-9 , 

12, 15-octadecatr ienoic acid) in organelle l amel l a r lipids of plant 

leaves (40). Recent evidence suggests that an in tegra l re la t ionship 

occurs between the n o r m a l lipid metabol i sm of intact isolated ch loro-

plast membranes of spinach, bean, and pea leaves and photos ynthetic 

competence (153, 73, 146, 27). It has a l so been shown that intact 

spinach leaf chloroplas ts (57) and developing ca s to r bean proplas t ids 

(167) a r e capable of fat ty acid synthes is . It follows, t h e r e f o r e , that 

if a growth-inhibi tory level of CGA is acting d i rec t ly or indirect ly to 

d is rupt lipid metabol i sm in leaf cel l organel les , that this i r r egu l a r i t y 

might be ref lec ted in quantitative and quali tat ive fat ty acid changes. 
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The fa t ty acid va lues r e p o r t e d in Table XI indica te that under 

the e x p e r i m e n t a l condit ions employed , no s ign i f i can t quant i ta t ive or 

qua l i t a t ive fa t ty ac id changes w e r e de tec tab le in sunf lower seed l ing 

leaf s a m p l e s t r e a t e d wi th g rowth - inh ib i to ry leve ls of CGA. 

It is p o s s i b l e , however , that a l t e r a t i o n s in lipid m e t a b o l i s m 

could have o c c u r r e d tha t would not be de tec tab le by the method 

employed . Shif ts in fa t ty ac id content within a lipid c l a s s could be 

o c c u r r i n g that would not be de tec tab le by to ta l f a t ty ac id a n a l y s i s . 

Addi t iona l evidence which may indicate a lack of i n t e r f e r e n c e 

by CGA in sun f lower plant lipid m e t a b o l i s m , at the levels t e s t e d , would 

be the a p p a r e n t l y in tac t u l t r a s t r u c t u r e of leaf ch lo rop l a s t s a s shown in 

F i g u r e 11. 

It would s e e m that if lipid m e t a b o l i s m was being g r o s s l y 

d i s rup t ed by CGA, e i t he r by i n t e r f e r e n c e with the lipid syn thes i s -

d e g r a d a t i o n p r o c e s s o r by ac t ing as a s u r f a c t a n t , tha t evidence of 

this ac t iv i ty would be r e f l e c t e d in s t r u c t u r a l changes in ch lo rop la s t 

m e m b r a n e in t eg r i t y . A notewor thy obse rva t ion is found in the work 

r e p o r t e d by Mann (99). T h i r t y synthe t ic g rowth- regu la t ing compounds 

w e r e t e s t e d f o r pos s ib l e e f f ec t s upon the i nco rpo ra t i on of rad ioac t iv i ty 

f r o m malonic a c i d - 2 - ^ C into l ipids by exc i sed hypocotyls of h e m p 

(Sesbania exa l t a t a , L. ). At the concen t ra t ion levels t e s t e d , which 

w e r e equivalent to t hose used to p roduce growth inhibit ion by CGA, 
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only 7 of the 30 compounds examined caused m o r e than 25 p e r cent 

a l t e r a t i o n in lipid b io syn thes i s . Inhibit ion of lipid syn thes i s was 

caused by 3 - n i t r o - 2 , 5 -d ich lo robenzo ic ac id (dinoben), 2 - c h l o r o -

N, N-d i a l l y l ace t amide (CDAA), 2 - c h l o r o - a l l y l d i e thy ld i t h ioca rbama te 

(CDEC), 7 -oxabicyc lo(2 . 2. l )hep tane -2 , 3 -d i ca rboxy l i c ac id (endothall) , 

2, 6 -d i ch lo robenzon i t r i l e (dichlobenil) , 3, 5 - d i i o d o - 4 - h y d r o x y b e n z o n i t r i l e 

(ioxynil), and pen tach lo ropheno l (PCP) . 

CGA Homologous Compound Studies 

Synhe rho lm and Z i m m e r m a n (139) t e s t ed a long s e r i e s of 

w-phenoxya lkaneca rboxy l i c ac ids f o r phy tochemica l ac t iv i ty . C o m -

pounds with an i n c r e a s i n g length of the s ide chain f r o m the 2 , 4 - D 

ace t i c acid to the octanoic ac id w e r e t e s t e d . T h e s e i n v e s t i g a t o r s 

found tha t , when t e s t ed by the t oma to ep inas ty t e s t , t hose compounds 

having an even n u m b e r of ca rbon a t o m s in the ac id cha in w e r e ac t ive 

w h e r e a s t hose having an odd n u m b e r w e r e not . This phenomenon 

was explained by sugges t ing that the t e s t plant m u s t p o s s e s s a 

P-oxidizing enzyme s y s t e m capab le of deg rad ing the v a r i o u s cha ins 

down to the 2 - c a r b o n ace t i c ac id ac t ive compound. It was f e l t that the 

odd chains w e r e deg raded to phenols tha t a r e not ac t ive as growth 

r e g u l a t o r s . A g r e a t n u m b e r of even ca rbon n u m b e r phenoxy acid 

compounds have been t e s t ed in wheat sec t ions and w e r e found to be 
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a c t i v e but w e r e i n a c t i v e when t e s t e d in p e a s e c t i o n s . H o w e v e r , pea 

s e c t i o n s p l a c e d in s o l u t i o n s conta in ing w h e a t s e c t i o n s and e v e n n u m -

b e r e d phenoxy a c i d c o m p o u n d s would exh ib i t a g r o w t h r e s p o n s e . It w a s 

conc luded t h a t s o m e p l a n t s p o s s e s s a 3 - o x i d a t i o n m e c h a n i s m 

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

s e r i e s , wh i l e o t h e r p l a n t s did not p o s s e s s t h i s e n z y m e c o m p l e m e n t 

(152). A d d i t i o n a l t e s t i n g h a s p r o v e d t h i s a s s u m p t i o n to be t r u e (43, 

150, 140). C o m p o u n d s w h i c h have b e e n t e s t e d in a h o m o l o g o u s s e r i e s 

inc lude a m i d e s and n i t r i l e s , W - ( i n d o l e - 3 ) a l k a n e c a r b o x y l i c a c i d s (44), 

and W - ( N , N - d i m e t h y l d i t h i o c a r b a m o y l ) a l k a n e c a r b o x y l i c a c i d s (54). 

S tumpf (138) a l s o found t h a t in the p e a n u t p l an t ( A r a c h i s hypogea , L . ) 

a l l m e m b e r s be low the C h o m o l o g u e f a t t y ac id b e h a v e d in a m a n n e r 

w h i c h w a s c o n s i s t e n t w i th s t e p w i s e d e g r a d a t i o n by {3-oxidation i nvo lv -

ing the l o s s of two c a r b o n f r a g m e n t s a t e a c h s t a g e . A s no i n f o r m a t i o n 

cou ld be found w h i c h d e a l t w i th a (homologous s e r i e s s tudy on a l k y l 

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

s y n t h e s i z e d to c o m p l e t e a g r o u p ex t end ing f r o m t h e 5 - c a r b o n 4 - c h l o r o -

b l u t a r a n i l i c a c i d t o 4 - c h l o r o a n i l i n e . T h e s e c o m p o u n d s w e r e s u b j e c t e d 

to g r o w t h - r e g u l a t i o n s t u d i e s in s u n f l o w e r s e e d l i n g s and the r e s u l t s 

s u m m a r i z e d in T a b l e XII. 

- 3 

A t 10 M c o n c e n t r a t i o n s a l l c o m p o u n d s exh ib i t ed a p r o -

n o u n c e d p h y t o t o x i c i t y w i t h the e x c e p t i o n of 4 - c h l o r o a n i l i n e w h i c h 

c a u s e d a 61 p e r c e n t d e c r e a s e in a v e r a g e he igh t v a l u e s . T h e 1 0 " 4 M 
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TABLE XII 

E F F E C T OF HOMOLOGOUS COMPOUNDS ON SUNFLOWER 
SEEDLINGS 

Various concentra t ions of the t e s t compounds w e r e added to the roots 
of 7-day-old plants grown in hydroponic pouches and total plant height 
m e a s u r e m e n t s recorded 10 days following t r e a t m e n t . 

Compounds 

C oncentra t ions 

1 0 " 8 M 10"4 M 10" 3 M 

H O i ii O 
II 

(a) CL-A ^ - N - C - C H 2 C H 2 C H 2 - C - O H 

(b) Ci-

te) Cl -

(d) Ci-

te) Cl -

O 
II ¥ 9 

A - H - C - C H 2 C H 2 - C - O H 

H O 
I II 

O 
II 

/ P - N - C - C H 2 - C - O H 

H O O 
I II II 

•N-C-C-OH 

-NH-

19% 
increase" 

5% 
d e c r e a s e 

21% 
i n c r e a s e 

6 % 
i n c r e a s e 

39% 
i n c r e a s e 

36% 
d e c r e a s e 1 

20% 
d e c r e a s e 

19% 
d e c r e a s e 

25% 
d e c r e a s e 

10% 
i n c r e a s e 

100% 
d e c r e a s e 

(death) 

100% 
d e c r e a s e 

(death) 

100% 
d e c r e a s e 

(death) 

100% 
d e c r e a s e 

(death) 

61% 
d e c r e a s e 

1 

va lues . 
^Total plant height values exp re s sed as pe r cent of cont ro l 

(a) 4 -ch lo rog lu ta ran i l i c acid 
(b) 4 -ch lo rosucc inan i l i c acid 
(c) 4 -ch lo romalonan i l i c acid 
(d) 4 -ch lorooxani l ic acid 
(e) 4 -ch lo roan i l ine 
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concen t r a t i on t e s t s r evea l ed that 5 - c a r b o n 4 - c h l o r o g l u t a r a n i l i c acid 

w a s the m o s t ac t ive inh ib i tor of growth, and a g e n e r a l d e c r e a s e in 

growth inhibit ing capac i t y was a s s o c i a t e d wi th a reduc t ion in ca rbon 

chain length. At this concen t r a t ion it was noted that the even ca rbon 

compounds 4 - c h l o r o s u c c i n a n i l i c acid and 4 -ch lo rooxan i l i c acid produced 

a s i m i l a r cyto toxic i ty p a t t e r n by caus ing a d i s t inc t leaf t ip n e c r o s i s . 

The odd c a r b o n compounds did not p roduce this e f f ec t . Solutions 

- 8 

containing a 10" M concent ra t ion produced s o m e v a r i e d r e s u l t s 

which m a y find a c o r r o l a r y in ca rbon chain n u m b e r s . The mos t 

ac t ive compound a t th is concen t r a t ion was 4 - c h l o r o a n i l i n e which p r o -

duced a 39 p e r cent i n c r e a s e in a v e r a g e plant he igh ts . The l ea s t 

ac t ive compounds w e r e the odd ca rbon compounds 4 - c h l o r o s u c c i n a n i l i c 

acid and 4 - c h l o r o o x a n i l i c ac id , with the next h i^ i e s t d e g r e e of ac t iv i ty 

o c c u r r i n g in the odd ca rbon compounds 4 - c h l o r o g l u t a r a n i l i c acid and 

4 - c h l o r o m a l o n a n i l i c ac id . 

pH E f f e c t on Growth Response 

In 1934, Bonner (26 )̂ r e p o r t e d that the growth of oat co leop-

t i le sec t ions was 8 t i m e s g r e a t e r at pH 4. 1 than a t 7 . 2 . Evans (41) 

r e p o r t e d that hydrogen ions had a s t i m u l a t o r y e f f ec t on ce l l e n l a r g e -

ment both in the p r e s e n c e and a b s e n c e of IAA. Rayle and Cleland 

(123) r e c e n t l y found that rap id ce l l e longat ion and wa l l loosening 
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o c c u r r e d in A vena coleopt i le , and it was shown that the op t imal pH 

f o r growth is about 3. 0 and that both the m a x i m a l growth r a t e and 

wa l l ex tens ib i l i ty a r e s i m i l a r to that p roduced by the p r e s e n c e of 

op t imal amounts of auxin. Studies conducted on the inf luence of pH 

on phytotoxici ty of g r o w t h - r e g u l a t i n g compounds r evea l ed tha t photo-

toxici ty i n c r e a s e d as the so i l pH i n c r e a s e d and r e a c h e d a m a x i m u m 

a t pH 6. 5 f o r the weak a r o m a t i c ac ids 3, 6 - d i c h l o r o - o - a n a s i c ac id 

(dicamba) and 2 , 4 - D . Soil pH levels be tween 4. 3 and 7. 5 had no 

e f fec t on the phytotoxici ty of the weak a r o m a t i c ac ids 3 - a m i n o - 2 , 5 -

d ich lorobenzo ic ac id (ch loramben) and 4 - a m i n o - 3 , 5, 6 - t r i c h l o r o p i c o -

l inic acid (p i c lo ram (30). A w a r e n e s s of the above i n f o r m a t i o n , 

which ind ica tes tha t pH can a f f ec t plant growth, led to s o m e c o n c e r n 

a s to whe the r the augmenta t ion and inh ib i to ry growth e f f e c t s p roduced 

by CGA could be re la ted to pH of the t e s t so lu t ions . Although CGA 

is a weak a r o m a t i c ac id , ca lcu la t ions employing an e s t i m a t e d pK a f o r 

weak ac ids r e v e a l e d that a 10"^ m o l a r aqueous solu t ion would have a 

pH low enough to poss ib ly a l t e r growth in the sunf lower seed l ing t e s t 

p l an t s . An e x p e r i m e n t was conducted in an e f f o r t to d i s m i s s the 

poss ib i l i ty that pH of the t e s t solut ion might be caus ing the growth 

a l t e r a t i o n e f f ec t s a s c r i b e d to CGA. 

The pH va lues f o r t e s t so lu t ions of 10"^ and 10"^ M 

concen t r a t ions of CGA w e r e found to be a p p r o x i m a t e l y 6. 8 and 4. 0 
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r e s p e c t i v e l y . An inorgan ic acid solut ion (HC1) was p r e p a r e d and 

a d j u s t e d to an a p p r o x i m a t e pH 3. 0. Data p r e s e n t e d in Tab le XIII 

show that S e e d - P a k - g r o w n plants exposed to the pH 3 . 0 acid solut ion 

r e s u l t e d in a growth enhancemen t of 27 pe r cen t . Sunflower seedl ing 

- 8 4 

b i o a s s a y s r ece iv ing 10" M and 10" M concen t ra t ions of CGA responded 

by p roduc ing a 19 pe r cent i n c r e a s e and 35 p e r cent d e c r e a s e in growth 

va lues r e s p e c t i v e l y . Although the ac id i ty of 10"^ M CGA is within 

1 pH unit of the inorgan ic acid t e s t solut ion pH of 3, CGA is producing 

growth inhibi t ion while the acid t e s t solut ion is p roducing growth 
- 8 

enhancemen t . The 10 M CGA solut ion p roduces a growth enhance -

ment but the pH value a p p r o a c h e s that of neu t r a l i t y and t h e r e f o r e , the 

growth r e s p o n s e would not a p p e a r to be due to a low pH e f fec t . T h e s e 

f indings tend to ru l e out the pH of t e s t solut ions as being r e spons ib l e 

fo r the growth r e s p o n s e s p roduced by 10"^ M and 10"^ M c o n c e n t r a -

t ions of CGA, o r the homologous s e r i e s of CGA compounds s tudied . 
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TABLE XIII 

pH E F F E C T ON GROWTH RESPONSE OF SUNFLOWER 

SEEDLINGS 

A n o n - b u f f e r e d , a c i d - w a t e r solut ion was p r e p a r e d , ad jus t ed to pH of 
3 . 0 and the pH of 4 - c h l o r o g l u t a r a n i l i c ac id t e s t solut ions w e r e 
r e c o r d e d . T e s t compounds w e r e added to the roo ts of 7 - d a y - o l d 
sunf lower seed l ings grown in hydroponic pouches . Ten days fol lowing 
appl ica t ion of the compounds , t o t a l shoot length m e a s u r e m e n t s w e r e 
t aken . 

T e s t Compound C one e nt r a t i on Acid i ty Growth Response* 

(Molar i ty) (PH) (% of Con t ro l s ) 

4 - c h l o r o g l u t a r -
ani l ic acid 10" 8 6. 8 19 I n c r e a s e 

4 - c h l o r o g l u t a r -
an i l i c acid 10~4 4. 0 35 D e c r e a s e 

Acid H z O (HC1) 10" 3 3. 0 27 I n c r e a s e 

Data f o r each t e s t a r e a v e r a g e s of va lues f r o m 2 r e p l i c a t e s , 
cons i s t ing of 10 p lants p e r r e p l i c a t e . 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

Three new potential growth-regula t ing i sos te r i c compounds 

were tested at a 10"^ M concentrat ion by fo l ia r application to 10-day-

old sunflower so i l -grown seedl ings . None of the th ree compounds 

produced growth augmentation at this concentrat ion. The most 

act ive compound as de termined by reduction in total plant height values 

was CGA. This a l te ra t ion in growth was accompanied by a c h a r a c -

t e r i s t i c change in leaf morphology. A hydroponic a s say utilizing 

Seed-Pak growth pouches and solutions of 10~^M concentrat ion 

revealed that a select ive activity was assoc ia ted with the i sos te r i c 

compounds t e s ted . The substi tuted amine affected plant leaves but 

did not affect roots and had a low level of growth inhibition activity. 

The oxy substi tuted compound did not af fec t leaves , did produce root 

necros i s and had a negligible effect on plant height. Methylene sub-

stitution resu l ted in a posit ive effect on leaves , no observable effect 

on roots , and inhibition of plant height. 

Concentrat ion studies indicated that CGA applied to leaves of 

10-day-old sunflower seedlings produces an i nc r ea se in plant height 

92 
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inhibit ion up to l O ' ^ M concen t ra t ion and that no addi t iona l inhibit ion 

or phytotoxic e f f ec t s occur at h igher concen t ra t ion app l i ca t ions . 

CGA applied to leaves of 10-day-old sunf lower seed l ings 

produced growth inhibit ion which was de t ec t ab l e by 24 hour s fol lowing 

in i t ia l t r e a t m e n t , and the height inhibi t ion p e r s i s t e d f o r at l e a s t 30 

days . 

_3 

Appl ica t ion of CGA at a 10 M concen t r a t i on to roo t s of 10-

day-old sunf lower seed l ings grown in an i n e r t s u b s t r a t e p roduced an 

inhibit ion 18 days fol lowing t r e a t m e n t which was 50 pe r cent of c o n t r o l 

v a l u e s . This was a 15 p e r cent g r e a t e r inhibit ion than tha t obse rved 

f o r f o l i a r appl ied CGA of an equivalent concen t r a t i on . Root a p p l i c a -

tion a l s o produced the c h a r a c t e r i s t i c leaf changes a s s o c i a t e d with 

f o l i a r appl ica t ion . 

T o t a l plant height inhibit ion in sunf lower seed l ings produced 

by CGA t r e a t m e n t was p r inc ipa l l y a s s o c i a t e d wi th an e longat ion inh i -

bition of the s t e m a r e a located between p r i m a r y l eaves and the shoot 

m e r i s t e m . 
Q 

Concen t ra t ion s tud ies r evea l ed that 10" M solut ions of 

root appl ied CGA produced op t imal enhancemen t of growth and that 

10~3 M concent ra t ions a r e l e tha l . CGA was 32 p e r cent l e s s ac t ive 

than IAA as a g r o w t h - p r o m o t i n g compound but was 76 pe r cent m o r e 

ac t ive a s a growth inhibi tor at equivalent concen t r a t i ons in sunf lower 
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seedl ings . Growth enhancement capacity of CGA was equal to that 

of 2 , 4 - D but was a ten-fold less active inhibi tor . 

Comparat ive quantitative plant organ studies in Seed-Pak-grown 

sunflower seedlings revealed that the organ most severe ly affected 

-4 

by 10 M CGA was the approximated a r e a of the leaf su r face and 

that the roots w e r e least a f fec ted . 

Dark-grown Seed-Pak cultivated sunflower seedlings exposed 

-8 -4 

to 10 M and 10 M concentrat ions of CGA showed both the growth 

enhancement and inhibition act ivi ty produced in l ight-grown plants . 

CGA growth inhibition produced in Seed-Pak-grown sunflower 

plants was augmented by the addition of glucose, suc rose , and 6-BAP, 

was blocked by gibberi l l ic acid, and was not affected by IAA. 
A 29 pe r cent i nc rease in the thickness of leaves occurred in 

-4 
10 M CGA t rea ted soi l -grown plants , and leaves a l so developed a 

28 to 40 per cent i nc rease in dry weight. 

Leaves of soi l -grown plants t rea ted with a 10 ^ M fo l ia r 

application of CGA showed a 49 pe r cent reduction in the chloroplast 

s t a r ch granules and no other observable chloroplas t u l t r a s t ruc tu re 

damage occur red . 

Chemis t ry s tudies showed that t i s sue f r o m leaves of plants 

-3 

t rea ted with 10 M CGA developed a 24 per cent reduction in soluble 

hexoses , a 32 per cent reduction in ext rac table s t a rch , a 20 per cent 
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reduction in soluble proteins and that no signif icant changes occurred 

in the total ext rac table fatty acid content. 

Modification of the 4-ch loroglu ta ran i l ic acid molecule by-

varying the alky lea rboxy lie acid carbon chain number f r o m 5 to 0 

revealed that when applied to roots of Sed-Pak-grown sunflower s e e d -

3 / 
lings at 10" M concentrat ion levels , a l l homologues except 4 - c h l o r o -

-4 
aniline were lethal. At 10 M concentrat ions a d e c r e a s e in the 

growth inhibiting abil i ty of the compounds para l le led a reduction in 

- 8 

side chain carbon number . At 10 M concentra t ions , the odd 

carbon number side chain compounds and 4-chloroani l ine possessed a 

growth augmentation activi ty while even numbered side chain acids 
demonst ra ted min imal activi ty. 

Studies concerned with the pH of t e s t solutions revealed 

- 8 

that the growth inhibition and enhancement produced by 10~ M and 

1 0 " 4 M CGA applied to roots of Seed-Pak grown sunflower plants 

was not re lated to the pH of tes t solut ions. The same conclusion 

applied to t es t solutions used in the CGA homologous s e r i e s 

exper iments . 

It can be concluded that CGA p o s s e s s e s chemica l p roper t i e s 

which resu l ted in modification of plant growth in sunflower seedl ings . 

The amounts of CGA required to produce growth changes a r e in the 

concentrat ion range of endogenous, na tu ra l ly -occur r ing plant growth 
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a l t e r i n g compounds and it is f e l t that CGA can be r e f e r r e d to as a 

synthe t ic g r o w t h - r e g u l a t i n g compound in sunf lower seed l ing 

b i o a s s a y s . 
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