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DITROD UCTION

The ^g ro w th  p r o c e s s w h i c h  ta k e s  p la c e  i n  p l a n t  

c e l l s  i s  a  com plez s e r i e s  o f  e v e n ts  an d  h as been  s tu d i e d  

a s  a  w hole  fro m  th e  e a r l i e s t  t im e s .  W hile th e s e  s tu d i e s  

have y i e ld e d  m ost v a lu a b le  d a ta  f o r  th e  t o t a l  f u n c t io n in g  o f  

p l a n t  p r o c e s s e s ,  more r e c e n t  s tu d i e s  have been  d i r e c t e d  

to w ard s  p a r t i c u l a r  a s p e c t s  o f  th e  w hole p ro c e s s  o f  g ro w th . 

When a t t e n t i o n  i s  d i r e c t e d  to w ard s th e  ^g ro w th ” o f  a  s tem  

o r  r o o t  a p e x , i t  i s  e v id e n t  t h a t  t h r e e  p h a se s  ta k e  p la c e  

i n  seq u en ce  fro m  th e  t i p .  The c e l l s  a r e  a t  f i r s t  

m e r i s te m a t ic ,  a c t i v e l y  d iv id in g  an d  c h a r a c t e r i s e d  by  h ig h  

p ro to p la s m ic  an d  p r o t e i n  c o n te n t  an d  th e  p re s e n c e  o f  v e r y  

s m a ll  v a c u o le s . ( B a i l e y ,  1930 ; Z i r k l e ,  1932) When th e s e  

c e l l s  have c e a s e d  t o  d iv id e  th e y  u n d e rg o  r a p id  e lo n g a t io n  

in v o lv in g  b o th  r a p id  w a te r  u p ta k e  and  r a p id  e x te n s io n  o f  

th e  c e l l  w a l l .  Oe 1 1 -w a ll  e x t e n s io n ,  a c c o rd in g  t o  B u rs tro m  

(1 9 4 1 , 1 9 4 2 ) , t a k e s  p la c e  i n  two s t a g e s .  F i r s t l y  th e  

ce 11- w a l l  s t r e t c h e s  (due t o  in c r e a s e d  s w e l l in g  o f  

in te rm ic e  l i a r  c o l l o i d s )  an d  s e c o n d ly  new m ic e l le s  a r e  

i n t e r s p e r s e d  among a l r e a d y  e x i s t i n g  ones by i n t u s s u s c e p t io n .  

The se c o n d  s ta g e  o f  th e  e lo n g a t in g  p h ase  a c c o u n ts  f o r  two 

t h i r d s  o f  th e  " s t r e t c h i n g  g ro w th " . The m ain c h a r a c t e r i s t i c  

o f  t h i s  p e r io d  i s  th e  in c r e a s e d  v a c u o la t io n  o f  th e s e  c e l l s  

w h ic h  i s  accom panied  by in c r e a s e  i n  p r o t e i n  n i t r o g e n  and  in  

d ry  w e ig h t (Brown an d  B ro a d b e n t, 1951) M a tu ra tio n  o f  th e s e
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c e l l s  ta k e s  p la c e  su b se q u e n t t o  e lo n g a t io n  o r  may ev en  b e g in  

b e fo re  i t  i s  c o u p le te d  th u s  te r m in a t in g  th e  l a t t e r  p r o c e s s .

I t  i s  v e r y  p ro b a b le  t h a t  th e  th r e e  r e g io n s  o f 

m e r i s t e m a t i c / a c t i v i t y ^ c e l l  e x te n s io n  and  m a tu ra t io n  a r e  

d i f f e r e n t l y  a f f e c t e d  by th e  i n t e r n a l  and  e x t e r n a l  c o n d i t io n s  

p r e v a i l i n g  in  th e  n e ig h b o u rh o o d  o f  th e s e  c e l l s  (Thompson, 1 9 4 5 ), 

f o r  th e s e  p h a se s  in v o lv e  v e r y  d i f f e r e n t  ty p e s  o f  m e ta b o lic  

a c t i v i t y .  They a l s o  may have some c o n t r o l l i n g  o r  d i r e c t i v e  

in f lu e n c e  on one a n o th e r .  The i n h i b i t o r y  a c t i o n  o f  th e  r o o t  

t i p  was e m p h a s is e d  by C holodny (1 9 2 4 , 1 9 3 4 ), Hawker (1 9 3 2 ) ,

Boys en  J e n s e n  (1 9 3 3 ) , Thim ann (1934) an d  o t h e r s . The e f f e c t  

o f  c o ty le d o n s  a n d  a e r i a l  t i s s u e  a s  a  so u rc e  o f fo o d  m a te r i a l  

and  hormone p r e c u r s o r s  m ust a l s o  be c o n s id e re d  (Went 1 9 2 8 ) .

To s im p l i f y  th e  p ro b lem  o f  s tu d y in g  g ro w th  i n  a  c o n ^ le x  

e n v iro n m e n t, s p e c i a l  g ro w th  r e g io n s  have been  i s o l a t e d  and  

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

in f lu e n c e s  o f  o th e r  t i s s u e .

The p h ase  o f  g ro w th  t o  w h ich  th e  m a jo r i ty  o f  w ork 

h as been  d i r e c t e d  i s  th e  seco n d  p h ase  o f  c e l l  e lo n g a t io n  

(S tre c k u n g sw a c h s tu m ).  I t  i s  i n  a  s e n s e  th e  s im p le s t  one 

f o r  s y s te m a t ic  s tu d y ,  s in c e  i t  in v o lv e s  o n ly  a  s m a ll  amount 

o f  p r o t e i n  an d  p ro to p la s m ic  s y n th e s i s  (Brown an d  B ro ad b en t) 

an d  i s  c o - in c id e n t  w i th  in c r e a s e d  w a te r  u p ta k e ,  c e l l  w a l l  

e x te n s io n  and  in ta ^ J s c e p tio n  o f  new m i c e l l e s .  The more 

com plex m a tu ra t io n  p ro c e s s e s  in v o lv in g  a p p o s i t io n  o f a  la r g e  

num ber o f  l a y e r s  on th e  p r im a ry  c e l l  w a l l  su c c e e d  t h i s  p h a s e .
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S in c e  e a r l y  w o rk e rs  fo u n d  t h a t  t h e  t i p  o f  a  s te m  o r  o f  an  

Avena c o le  o p t i l e  h ad  a  s t i m u la t in g  a c t i o n  on th e  g ro w th  o f  

e lo n g a t in g  c e l l s ,  i t  was c u t o f f  i n  s tu d i e s  o f  th e  e f f e c t  

o f  a u x in  on c e l l  w a l l  p r o p e r t i e s  d u r in g  g ro w th  (B eyn, 1940; 

S o d in g , 1937; Ruge, 1937; D ie h l e t  a l ,  1 9 3 9 ) . Soon th e  

id e a  o f  c u t t i n g  s e c t io n s  o f  a  g iv e n  le n g th  from  th e  e lo n g a t in g  

zone was a d o p te d  (B o n n er, 1 9 3 5 ) . I f  s e c t io n s  o f  e t i o l a t e d  

Avena c o le  o p t i l e s  w ere ta k e n  from  th e  e lo n g a t in g  zone and  

s u p p l ie d  w i th  sutbable g ro w th  m a te r i a l s  in  th e  fo rm  o f  s u g a r s ,  

a v e r y  good an d  u n ifo rm  e lo n g a t io n  r e s u l t e d .  T h is  m ethod 

h as  become s ta n d a r d  f o r  th e  s tu d y  o f  s t r a i g h t  g ro w th  and  

from  r e s u l t s  o b ta in e d  e x te n s iv e  t h e o r i e s  on g ro w th  p ro c e s s e s  

in  p l a n t  m a te r i a l  have been  e l a b o r a t e d .  The e lo n g a t io n  

o f  Avena c o l e o p t i l e  s e c t io n s  i s  dep en d en t on th e  p re s e n c e  

o f  b o th  a n  a u x in  ( e . g . ^  i n d o ly l  a c e t i c  a c id )  and  a  s u g a r  

( e . g .  s u c r o s e ) .  I f  e i t h e r  becomes d e p le te d  d u r in g  

e x p e r im e n ta l  w ork , g ro w th  w i l l  c e a se  (S c h n e id e r ,  1 9 3 8 ) . 

S e c t io n s  o f  p e a rs te m  t i s s u e ,  how ever, have th e  ad v a n tag e  o f  

n o t b e in g  d ep e n d en t on a  s u g a r  s u p p ly  ( C h r i s t i a n s e n  and  

Thim ann, 1 9 5 0 ) . T hese s e c t io n s  have been  ta k e n  from  th e  

t h i r d  in te m o d e  o f  e t i o l a t e d  p e a '-s te m  t i s s u e ,  and  r e s u l t s  

have in  p a r t  s u b s t a n t i a t e d  p re v io u s  s tu d i e s  w i th  Avena 

c o l e o p t i l e  t i s s u e .

U n t i l  1949 r o o t  s e c t io n  m a te r i a l  h ad  n o t  been  u s e d  

f o r  s y s te m a t ic  s tu d i e s  o f  th e  ty p e  t o  w h ich  th e  Avena 

c o l e o p t i l e  had  been  s u b je c t e d .  Brown and  S u t c l i f f e  (1949)
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fo u n d  th e y  c o u ld  o b ta in  a  v e r y  much g r e a t e r  e x te n s io n  g row th  

th a n  in  t h e  Avena c o l e o p t i l e  by u s in g  s h o r t ,  s t r i c t l y -  

lo c a te d  s e c t io n s  and  a  p a r t i c u l a r  t e c h n iq u e .  They u se d  2ea  

an d  O u c u rb ita  r o o t  s e c t io n s  b u t w ere u n a b le  to  o b ta in  any  

c o n s i s t e n t  r e s u l t s  f o r  th e  e f f e c t  o f  a u x in  on t h e i r  t i s s u e .

By c h a n c e , in  th e  e x p e r im e n ts  d e s c r ib e d  b e l w  we have u se d  

p ea  r o o t s  w h ich  a r e  q u i t e  c o n s i s t a n t  in  t h e i r  a u x in  r e s p o n s e .  

They can th e r e f o r e  be u s e d  in  e x p e rim e n ts  s i m i l a r  t o  th o s e  

c a r r i e d  o u t f o r  th e  Avena c o l e o p t i l e ,  and  i n h i b i t o r  a c t io n  

can  be more e x t e n s iv e ly  s t u d i e d .

I t  h as been  f i r m ly  e s t a b l i s h e d  f o r  some tim e t h a t  

r o o t  g ro w th  i s  i n h i b i t e d  by th o s e  c o n c e n tr a t io n s  o f  a u x in  

w h ich  s t i m u la te  sh o o t o r  c o l e o p t i l e  g ro w th . Root g ro w th  o f  

c e r e a l s  was i n h i b i t e d  by an  e x t r a c t  o f  R hizopua c u l tu r e  

m ed ia , ( N ie ls e n ,  1930) th e  a c t i v e  p a r t  o f  w h ich  was in d o ly l  

a c e t i c  a c i d  (T him ann, 1 9 3 5 ) . L a te r  w o rk e rs  u s e d  t h i s  

s u b s ta n c e  i n  a  p u re  s t a t e  show ing  t h a t  th e  o cc u re n ce  o f  r o o t  

i n h i b i t i o n  was g e n e r a l  f o r  a l l  th e  p a r t i c u l a r  c o n c e n tr a t io n s  

t r i e d  (K ogl e t  a l ,  1934; M e e s te r s ,  1936; F a b e r , 1936;

M armer, 1 9 3 7 ) . In  f a c t  r o o t  i n h i b i t i o n  i s  so  q u a n t i t a t i v e l y  

r e l a t e d  t o  th e  c o n c e n t r a t io n  o f  added  a u x in  (u n le s s  i t  i s  

v e r y  lo w ) , t h a t  i t  h as  been made th e  b a s i s  o f  a  num ber o f  

a u x in - a s s a y  m ethods (Sw anson, 1945; Ready an d  G ra n t, 1947; 

A udus, 1 9 4 8 )•

However th e  r o o t  g ro w th  o f  th e  p ea  can  be 

a c c e l e r a t e d  by th e  s u p p ly  o f  a  low c o n c e n t r a t io n  o f  a u x in
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fro m  above (T him ann, 1 9 3 6 ) . U nder s i m i l a r  c o n d i t io n s  th e

r o o t  g ro v /th  o f  Avena i s  u n ch an g ed  o r  i s  i n h i b i t e d .  By-

assu m in g  t h a t  th e  s e n s i t iv i ty *  t o  a u x in  o f  p ea  an d  o a t  r o o ts

was th e  sam e, Thim ann e x p la in e d  h i s  r e s u l t s  on th e  b a s i s  t h a t

th e  c o n c e n t r a t io n  o f  n a t u r a l  a u x in  i s  s u b -o p t im a l  in  th e  p ea

b u t s u p r a - o p t im a l  i n  A vena r o o t  t i s s u e .  in  f a c t  r o o t

b e h a v io u r  p a r a l l e l s  t h a t  o f  th e  s h o o t i n  t h a t  an  optim um

c o n c e n t r a t io n  o f  a u x in  does e x i s t  f o r  g ro w th , b u t d i f f e r s  in

t h a t  i t  i s  o f t e n  s u r p a s s e d  i n  r o o ts  an d  i s  o f  a  much lo w e r

o r d e r  th a n  t h a t  f o r  s tem  t i s s u e .

in  s p i t e  o f  co n tra ry *  e v id e n c e  i t  seem s t h a t  an

optim um c o n c e n t r a t io n  f o r  r o o t  g ro w th  m ust e x i s t  a l th o u g h

i t  may be d i f f i c u l t  t o  d e m o n s tra te  s in c e  i t  i s  v e ry  low an d

c r i t i c a l ,  v a r y in g  w i t h  s p e c ie s  a n d  w i th  age an d  p a s t

en v iro n m e n t o f  th e  p l a n t .  A lso  i t  may g e n e r a l ly  be ex ceed ed

i n  th e  n o rm a l r o o t .  I t  seem s t h a t  r o o t s  w h ich  a r e  n a t u r a l l y

p o o r  i n  a u x in  a r e  t h e  b e a t t e a t  m a te r i a l s  f o r  th e  d e m o n s tra t io n

o f  th e  e x i s t e n c e  o f  an  a u x in -o p tim u m . However, c la im s

s t i m u l a t i o n  o f  g ro w th  by low c o n c e n t r a t io n s  o f  a u x in  have

b een  made f o r  a  l a r g e  ran g e  o f  t e s t  m a t e r i a l s .  F i e d l e r

(1936) fo u n d  a  c o n c e n t r a t io n  o f  10"^® I n d o ly l  a c e t i c  a c i d
••9waa s t i m u l a t o r y  t o  r o o t  g row th*  A c o n c e n t r a t io n  o f  10 

was i n h i b i t o r y .  H ere th e  t e a t  m a t e r i a l  waa Zea r o o t a .

T Jalns V ic ia  P aba r o o t a ,  Amlong (1940) o b ta in e d  a  a t im u la t io n  

o f  g ro w th  w i th  1 .7 5  X 10"^® in d o l y l  a c e t i c  a c i d .  S l i g h t  

a t im u la t io n  waa o b a e rv e d  w i t h  t h i a  a u x in  by B onner an d
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K o e p f l i  (1 9 3 9 ) ,  an d  w i th  o th e r  a u x in s  (M acht an d  G rum bein, 

1 9 3 7 ) .  S eed  t r e a tm e n t  w i t h  a u x in  may c a u se  su b se q u e n t 

s t i m u l a t i o n  o f  r o o t  g ro w th  (Thim ann a n d  L an e , 1 9 3 8 ) . Low 

c o n c e n t r a t io n s  o f  a u x in  w h ich  w ere s t im iu la to ry  i n  th e  i n i t i a l  

s t a g e s  o f  g ro w th  became i n h i b i t o r y  i n  l a t e r  s t a g e s  (G e ig e r -  

H uber an d  B u r l e t ,  1 9 4 2 ) .

R oots an d  c o l e o p t i l e s  may g iv e  d i f f e r e n t  

q u a l i t a t i v e  r e s p o n s e s  t o  th e  same q u a n t i t a t i v e  am ount o f  

a u x in .  F o r  i n s t a n c e ,  a  v e r y  low  c o n c e n t r a t io n  may be 

s t i m u l a t o r y  t o  r o o t  g ro w th  b u t w i l l  have no e f f e c t  w h a ts o e v e r  

on s h o o t  o r  c o l e o p t i l e  e l o n g a t i o n .  A m o d e ra te ly  low 

c o n c e n t r a t io n  ( 10^ ^ ^ in d o ly l  a c e t i c  a c id )  w i l l  be s t i m u la to r y  

t o  c o l e o p t i l e  g ro w th , b u t i t  w i l l  be e x tre m e ly  i n h i b i t o r y  i f  

a p p l i e d  t o  r o o t s .  I t  may seem  t h a t  a u x in  d i f f e r s  i n  

f u n c t io n  i n  r o o t  and  s te m  t i s s u e .  The re et  t i p  i s  a  

p o t e n t i a l  s o u rc e  o f  a u x in .  I f  i t  i s  rem oved from  th e  

c o l e o p t i l e  g ro w th  i s  r e t a r d e d .  However i f  i t  i s  rem oved 

fro m  th e  r o o t  g ro w th  may be a c c e l e r a t e d  (C ho lodny  1926) o r  

i t  may have no  e f f e c t  ( a s  i n  th e  p e a ,  D unn ing , 1 9 2 8 ) . 

D i f f e r e n t  r e l a t i v e  c o n c e n t r a t io n s  a r e  n ee d ed  t o  p ro d u ce  th e  

same e f f e c t s  i n  th e  tw o ty p e s  o f  t i s s u e .  However C z a ja  

(1935) assum ed t h a t  th e  f u n c t io n  o f  a u x in  in  r o o t s  was 

fu n d a m e n ta l ly  th e  same a s  in  s h o o ts  an d  t h i s  f u n c t io n  was t o  

c a u se  e l o n g a t i o n .  The r e t a r d a t i o n  f r e q u e n t l y  o b se rv e d  was 

due t o  th e  p re s e n c e  o f  b o th  an  "upw ard" and . a  "downward" 

a u x in  s t r e a m . T h is  th e o r y  a s  i t  s ta n d s  may seem  q u i t e
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a b s u rd  in  v iew  o f  r e c e n t  w o rk , b u t th e  co n c e p t o f  an  

a n a la g o u s  f u n c t io n  o f  a u x in  in  r o o t  an d  sh o o t t i s s u e  i s  

v a l u a b l e •

The o r i g i n a l  s ta te m e n t  o f  Went (1928) t h a t  w i th o u t , 

" g ro w th -s u b s ta n c e "  no  g ro w th  i s  p o s s i b l e ,  can  be ta k e n  as 

r e f e r r i n g  t o  r o o t  a s  w e l l  a s  o th e r  t i s s u e .  A l l  g ro w th  

o c c u r r in g  in  th e  a b se n c e  o f  added  a u x in  m ust th e n  be 

a t t r i b u t a b l e  t o  n a t u r a l l y  o c c u r r in g  a u x in .  But in  r o o t  

t i s s u e  th e  p re s e n c e  o f  n a t u r a l l y  o c c u r r in g  a u x in  in  a 

c o n c e n t r a t io n  above th e  somewhat c r i t i c a l  optimum w i l l  be 

m a n ife s te d  in  th e  fo rm  o f  an  i n h i b i t i o n  o f  ro o t  g ro w th .

I t  w i l l  be u s e l e s s  in  s u c h  t i s s u e  t o  e x p e c t an  aux i n 

s t i m u l a t i o n  o f  g ro w th . The c o n c e n t r a t io n  i s  a l r e a d y  

s u p r a - o p t im a l .  The r o o t s  w i l l  grow b e t t e r  in  th e  ab sen ce  

o f  ad d ed  a u x in ,  in  w h ic h  th e r e  i s  a  chance t h a t  d i l u t i o n  o f  

t h i s  r e l a t i v e l y  h ig h  c o n c e n t r a t io n  v / i l l  o c c u r  v / i th  p r o g r e s s iv e  

w a te r  u p ta k e .  S in c e  how ever t h e r e  a r e  some r o o t s  in  w h ich  

a c c e l e r a t i o n  by a u x in  has been o b s e rv e d , i t  seems t h a t  th e s e  

a t  l e a s t  p o s s e s s  a c o n c e n t r a t io n  o f  n a t u r a l  a u x in  w h ich  i s  

s u b - o p t im a l .

The above i s  i l l u s t r a t e d  by th e  w ork o f  Thimann 

(1 9 5 6 ) .  • Avena r o o t s  w h ic h  have been  i n h i b i t e d  by th e  

a p p l i c a t i o n  o f  a u x in ,  w ere th e n  t r a n s f e r r e d  to  w a te r .  

P r o g r e s s iv e  d i l u t i o n  o f  th e  h ig h  a u x in  c o n c e n t r a t io n  (by  

w a te r  u p ta k e )  co u p le d  w i th  th e  r a p i d  d is a p p e a ra n c e  o f  a u x in ,  

r e s u l t e d  in  a c o n s id e ra b le /^ o f  th e  i n t e r n a l  a u x in  c o n c e n t r a t io n
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The r o o t  g ro w th  waa a c c e l e r a t e d  f a r  above t h a t  o f  th e  

u n i n h i b i t e d  c o n t r o l .  At th e  same tim e  Thim ann fo u n d  t lm t  

low c o n c e n t r a t io n s  o f  a u x in  w ould  a c c e l e r a t e  r o o t  g ro w th  in  

p e a  (b u t  n o t  i n  A v e n a ).

Now i t  i s  g e n e r a l l y  a g re e d  t h a t  when g ro w th  ta k e s  

p la c e  w ork  m ust be done i n  th e  p l a n t  c e l l .  C o n s id e r in g  

e lo n g a to r y  g ro w th  a l o n e ,  w ork may be done in  th e  in c r e a s e  o f  

ce 1 1 -w a ll  m a t e r i a l s  (B u rs tro m , 1941 an d  1 9 4 2 ) , th e  m a in ten an ce  

o f  o sm o tic  p r e s s u r e s  i n s id e  th e  c e l l  d u r in g  w a te r  u p ta k e ,  

(B u rs tro m , 1 9 4 2 ) , " A c tiv e  w a te r  u p ta k e "  ( o f .  R e in d e r* s  w ork 

on p o ta to  t i s s u e ,  1 9 3 8 ) , in c r e a s e d  p r o t e i n  c o n te n t  o r  d ry  

w e ig h t (Brown a n d  B ro a d b e n t, 1950) e t c .  T hese p ro c e s s e s  

in v o lv e  an  e x p e n d i tu r e  o f  e n e rg y  above t h a t  o f  th e  s o - c a l l e d  

" e n e rg y  o f  m a in te n a n c e "  c o n t in u o u s ly  u t i l i s e d  in  e v e ry  

l i v i n g  c e l l .

An o b v io u s  s o u rc e  o f  th e  e x c e s s  e n e rg y  n eed ed  in  

g ro w th  i s  by in c r e a s e d  r e s p i r a t i o n .  Hence when a u x in  was 

fo u n d  t o  augm ent th e  r e s p i r a t i o n  a t  th e  same tim e  a s  

au g m en tin g  g ro w th , i t  was c o n s id e re d  t h a t  th e  e n e rg y  f o r  th e  

in c r e a s e d  g ro w th  was made a v a i l a b l e  by a  s im u lta n e o u s  in c r e a s e  

i n  r e s p i r a t i o n  (B o n n e r, 1 9 3 3 ) . U n f o r tu n a te ly  t h i s  was n o t 

r e p e a t a b l e  by v an  H u lsse n  (1 9 3 6 ) , K ogl e t  a l  (1936) and  by 

B onner h im s e l f  u s in g  p u r i f i e d  i n d o l y l  a c e t i c  a c i d  i n s t e a d  o f  

a  c r u d e r  p r e p a r a t i o n  fro m  R h iz o p u a . P r e - t r e a t m ent o f  w heat 

g r a in s  w i th  a u x in  p r i o r  t o  g e rm in a tio n  cau sed  an  in c r e a s e  in  

r e s p i r a t i o n  o f  th e  em bryo a s  a  w h o le , b u t  h ad  no  c o r r e l a t i o n
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w i t h  im m ed ia te  c e l l  e lo n g a t io n  ( P r a t t ,  1 9 3 8 ) . However 

B onner (1 9 4 9 ) h as  now been  a b le  t o  f i n d  an  in c re a s e d  

r e s p i r a t i o n  o f  1 5 -2 5 ^  in  Avena c o l e o p t i l e  s e c t io n s  t r e a t e d  

w i t h  a  c o n c e n t r a t io n  o f  a u x in  w h ich  i s  s t i m u la to r y  t o  g ro w th . 

S im i l a r l y  B e rg e r  e t  a l .  (1946) o b ta in e d  2 8 -4 5 ^  in c r e a s e  in  

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

T h e re  seem s t o  be some e v id e n c e  t h a t  a u x in  does 

c a u se  an  in c r e a s e  i n  t h e  r e s p i r a t i o n  o f  Avena c o l e o p t i l e  

s e c t i o n s ,  c o n c e n t r a t io n s  w h ich  a%*e a t  th e  same tim e  s t im u la to r y  

t o  g ro w th . C h r i s t i a n s e n  and  Thim ann (1950) have fo u n d  t h i s  

a l s o  t o  be t r u e  f o r  p e a  s tem  t i s s u e .  I t  m ust be em p h asised  

t h a t  t h i s  s t i m u l a t i o n  i s  n o t  fo u n d  in  r o o t  t i s s u e  (B u rs tro m , 

1 9 4 2 ) .  A p a rt from  t h i s ,  r e s u l t s  u s in g  2 4 d ic h lo ro p h e n -  

o x y a c e t i c  a c i d  i n s t e a d  o f  i n d o ly l  a c e t i c  a c i d  as  an  a u x in  

a r e  v e r y  c o n f u s in g .

Brown (1946) u s in g  a  c o n c e n tr a t io n  o f  10*^ 2 4 D 

o b ta in e d  a  r e s p i r a t o r y  s t i m u la t io n  o f  betw een  18 an d  8 0 ^  in  

bean  s e e d l in g s  f o u r  days a f t e r  s p r a y in g .  I t  i s  n o t  

im a g in a b le  t h a t  s u c h  a  h ig h  c o n c e n t r a t io n  w ould  have an y  

g ro w th  p ro m o tin g  a c t i v i t y .  T h is  i s  an  in s t a n c e  o f  a u x in  

s t i m u l a t i o n  o f  r e s p i r â t io n I  However t h i s  c a n n o t p o s s i b ly

be c o n n e c te d  w i t h  th e  s u p p ly  o f  in c r e a s e d  e n e rg y  f o r  g ro w th . 

G row th m ust be s im u l ta n e o u s ly  i n h i b i t e d .  T a y lo r  (1947) 

u s i n g  som ewhat more p ro b a b le  c o n c e n t r a t io n s  o f  0 .2 5  t o  

10 p .p .m .  fo u n d  d e c re a s e d  oxygen u p ta k e  o f  w heat an d  m u s ta rd  

s e e d l in g s  d u r in g  th e  f i r s t  h o u r  a f t e r  a p p l i c a t i o n .  He does
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n o t s t a t e  th e  e f f e c t  o f  t h i s  c o n c e n t r a t io n  on g ro w th . 

S i m i l a r l y  H sueh an d  Lou (1947) fo u n d  an  i n h i b i t i o n  o f  3 3^  

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

day o f  a p p l i c a t i o n .  S m ith , Hamner and  C a r ls o n  a g a in  

o b ta in e d  s t i m u l a t i o n  w i th  c o n c e n t r â t  io n s  o f  2 .4 .D  w h ich  w ere 

in  a l l  p r o b a b i l i t y  t o x i c  t o  g ro w th , by s p r a y in g  w hole p l a n t s  

o f  b indw eed  and  m e a su rin g  th e  oxygen a b s o r p t io n  o f  t h e i r  

r o o t s .  S m ith  (1948) o b ta in e d  co m p arab le  s t i m u l a t i o n  in  

bean  s te m s .  Be p o in te d  o u t th e  im p o rta n c e  o f  s p e c i f y in g  th e  

b a s i s  on w h ic h  r e s p i r a t o r y  r e a d in g s  a r e  t a k e n .  U s in g  h i s  

own r e s u l t s ,  he showed a p r o g r e s s iv e  s t i m u l a t i o n  o f  

r e s p i r a t i o n  by 2 . 4 .D e s t im a t in g  r e s u l t s  on a  u n i t  d ry  w e ig h t 

b a s i s  b u t  th e  same r e s u l t s  showed a  p r o g r e s s iv e  i n h i b i t i o n  

e s t im a t in g  on a  u n i t  n i t r o g e n  b a s i s .  V a lu a b le  as  th e  above 

r e s u l t s  may be i n  g iv in g  an  i n d i c a t i o n  o f  t h e  p h y fco c id a l 

a c t i o n  o f  2 .4 .D  on p la n t  t i s s u e ,  i t  i s  f e l t  t h a t  th e y  have 

no  r e lo v e n c e  h e r e .  I t  i s  o n ly  i f  an  a u x in  can be shown to  

c a u se  a  s t i m u l a t i o n  o f  r e s p i r a t i o n ,  s im u lta n e o u s  w i th  

in c r e a s e d  g ro w th  t h a t  a. d i r e c t  c o n n e c tio n  betw een  a u x in  a c t i o n  

in  g ro w th  an d  r e s p i r a t i o n  ca n  be c la im e d . The a u th o r s  

quobed above g iv e  no i n d i c a t i o n  o f  th e  e f f e c t  o f  2 .4 .D  on 

g ro w th , an d  in  g e n e r a l  th e  c o n c e n t r a t io n s  e n p lo y e d  a r e  much 

to o  h ig h  t o  su p p o se  t h a t  i t  was a n y th in g  b u t i n h i b i t o r y  I 

K e l ly  a n d  A very  (1948) s tu d i e d  th e  a c t i o n  o f  r e l a t i v e l y  low 

c o n c e n t r a t io n s  o f  2 .4 .D  on th e  g ro w th  an d  r e s p i r a t i o n  o f  p ea  

s tem  a n d  Avena c o l e o p t i l e  t i s s u e .  However a l l  th e
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c o n c e n t r â t  io n s  u s e d  (1 0 "^  t o  10"*^) w ere i n h i b i t o r y  t o  

grow th#  In  s p i t e  o f  t h i s  s t i m u l a t i o n  o f  r e s p i r a t i o n  was 

o b ta in e d  u s in g  th e  lo w e r c o n c e n t r a t io n s  (1 0 “ ^ t o  10"'^) • 

C h r i s t i a n s e n  an d  Thim ann (1949) gave s im u lta n e o u s  f i g u r e s  

f o r  g ro w th , r e s p i r a t i o n  an d  c o n te n t  o f  r e d u c in g  s u g a rs  in  

p ea  s te m  s e c t i o n s  d u r in g  t r e a tm e n t  w i th  low c o n c e n t r a t io n s  o f  

2 .4 .D .  They fo u n d  t h a t  w h ereas th e  g ro w th  in c r e a s e d  by 

2 i  X t h e  o r i g i n a l  t h e  r e s p i r a t i o n  in c r e a s e d  by o n ly  1 / 7 .

T h is  i s  r o u g h ly  o f  th e  same o r d e r  a s  th e  r e s u l t s  o b ta in e d  

by B onner ( 1 9 4 9 ) .

I t  seem s t h e r e f o r e  t h a t  in  a e r i a l  t i s s u e  a u x in s  

may cau se  a  s t i m u l a t i o n  o f  r e s p i r a t i o n  a t  th e  same tim e  a s  

g ro w th  i s  s t i m u l a t e d .  I t  i s  how ever f i r m ly  e s t a b l i s h e d  t h a t  

a u x in '- s t im u la t io n  o f  r e s p i r a t i o n  d o es  o c c u r  a t  c o n c e n tr a t io n s  

w h ich  a r e  much to o  h ig h  f o r  g r o w th - s t im u la t io n . T hese  f a c t s  

a lo n e  a re  n o t  s u f f i c i e n t  e v id e n c e  to  su p p o se  t h a t  a u x in  

a c t i o n  i s  e f f e c t e d  by means o f  a  s im u lta n e o u s  in c r e a s e  i n  

r e s p i r a t i o n  an d  g ro w th  r a t e s ,  t h e  fo rm e r  p r o v id in g  th e  e n e rg y  

f o r  th e  l a t t e r .  I t  i s  n o t  e s s e n t i a l  t h a t  th e  e n e rg y  f o r  

g ro w th  be im m e d ia te ly  d e r iv a b le  fro m  c o n c u r r e n t  r e s p i r a t i o n .  

R e s p i r a to r y  e n e rg y  i s  n o t  a lw ay s u s e d  d i r e c t l y  b u t may be 

tr a n s fo rm e d  i n t o  h ig h - e n e rg y  p h o sp h a te  b o n d s , w h ich  rem a in  

a s  a  s t o r e  u n t i l  th e  n ee d  f o r  w ork t o  be done a r i s e s .

P re v io u s  r e s p i r a t o r y  a c t i v i t y  may r e s u l t  i n  th e  p re s e n c e  o f  

an  a d e q u a te  s t o r e  o f  h ig h -e n e rg y  p h o sp h a te  w h ich  i s  

u t i l i s a b l e  a s  an  e n e rg y  soucce f o r  g ro w th  w ith o u t  an y
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im m ed ia te  in c r e a s e  o f  e n e rg y  b e in g  e s s e n t i a l .  C o n v e rse ly  

i f  th e  c e l l  has become d e p le te d  o f  h ig h -e n e rg y  p h o s p h a te ,  

i t  may have t o  in c r e a s e  i t s  s t o r e  u n t i l  a  c e r t a i n  l e v e l  i s  

re a c h e d  (b y  w a n s  o f  in c r e a s e d  r e s p i r a t i o n )  b e fo re  t l ie  g ro w th  

r a t e  can  be i n c r e a s e d .  In  e i t h e r  c a se  th e r e  w o u ld  be a  

t i m e - l a g  b e tw een  th e  tw o p r o c e s s e s  a n d  t o  r e c o g n is e  t h i s  

c a l l s  f o r  c a r e f u l  c h e c k in g  o f  g ro w th  r a t e s  an d  r e s p i r a t i o n  

r a t e s  a t  i n t e r v a l s  a f t e r  a u x in  h as  been  added  t o  th e  t i s s u e .  

T h is  h as b een  a t t e n p t e d  in  th e  f o l lo w in g  w o rk .

"G rov/th i s  a  p r o p e r ty  o f  l i v i n g  p r o to p la s m " . T h is  

s ta te m e n t  w ou ld  r e c e iv e  s u p p o r t  from  a l l  b u t a  few  w o rk e rs  

( e . g .  Ruge, 1937 , who showed t h a t  th e  e x t e n s i b i l i t y  o f  c e l l  

w a l l s  s t i l l  i n c r e a s e d  u n d e r  a u x in  a c t i o n  i f  th e y  w ere dead  

o r  n a r c o t i s e d . )  in  h ig h e r  p l a n t s  i t  seem s t h a t  a e r o b ic  

r e s p i r a t i o n  i s  n o rm a lly  e s s e n t i a l  f o r  g ro w th  a s  w e l l  a s  

l i v i n g  p r o to p la s m . I f  t h i s  p ro c e s s  i s  i n h i b i t e d  by 

p o ta s s iu m  c y a n id e ,  p h e n y lu re th a n e  o r  by re p la c e m e n t o f  

oxygen  by n i t r o g e n ,  g ro w th  i s  i n h i b i t e d  t o  th e  same e x t e n t  a s  

r e s p i r a t i o n .  (B o n n er, 1 9 3 3 ) . G row th c a n n o t t h e r e f o r e  

c o n t in u e  w i th o u t  a e r o b ic  r e s p i r a t i o n  b u t i t  i s  o b v io u s  t h a t  

r e s p i r a t i o n  f r e q u e n t l y  o c c u rs  in  th e  a b sen c e  o f  g ro w th  ( f o r  

in s t a n c e  i n  c e l l s  w h ic h  have a l r e a d y  co m p le ted  e lo n g a t io n  an d  

m a tu ra t io n  p r o c e s s e s ) .  I t  was t h e r e f o r e  s u g g e s te d  t h a t  

g ro w th  was c o n t r o l l e d  by a  s p e c i f i c  f r a c t i o n  o f  r e s p i r a t i o n :  

t h a t  f r a c t i o n  w h ich  i s  o b s e rv a b le  a s  a s t i m u la t io n  when a u x in  

i s  added  t o  th e  t i s s u e .  M oreover th e  d e h y d ro g en ase
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i n h i b i t o r ,  mono -  io d o a  ce t i c  a c i d ,  has th e  p r o p e r ty  o f  m ark ed ly  

i n h i b i t i n g  g ro w th  an d  a t  th e  same tim e  o n ly  i n h i b i t i n g  th e  

r e s p i r a t i o n  by 1 0 ^ . Nov/ 10% was th e  p e r c e n ta g e  s t i m u la t io n  

o f  r e s p i r a t i o n  o b ta in e d  on th e  a d d i t i o n  o f ^ i n d o l y l  a c e t i c  

a c i d  t o  Avena t i s s u e  so a k e d  in  1% s u c ro s e  (Commoner an d  

T him ann, 1 9 4 1 ) . T h is  c o n c e n t r a t io n  o f  a u x in  c a u se d  

s t i m u l a t i o n  o f  th e  g ro w th  o f  t h i s  t i s s u e .  I t  was t h e r e f o r e  

co n c lu d e d  t h a t  io d o a c e t a te  io n s  s p e c i f i c a l l y  i n h i b i t  th e  

in c r e a s e d  10^  o f  r e s p i r a t i o n  due t o  th e  p re s e n c e  o f  a u x in  an d  

t h i s  i s  th e  s p e c i f i c  f r a c t i o n  c o n t r o l l i n g  g ro w th . The 

i n h i b i t i o n  o f  g ro w th  an d  r e s p i r a t i o n  was a n ta g o n is e d  by 

c e r t a i n  d i c a r b o x y l i c  a c id s  o f  th e  S z e n t-G y o rg y i r e s p i r a t o r y  

a c i d  c y c le  ( e . g .  f u m a r ic ,  m a lic  o r  s u c c in i c  a c i d s ) .  T h is  

p ro v id e d  a  m ethod by  w h ich  th e  su p p o se d  p a r t  o f  r e s p i r a t i o n  

c o n t r o l l i n g  g ro w th  c o u ld  be i d e n t i f i e d .  T h is  a u x in - s t im u la te d  

C4 a c i d  c y c le  i s  th e  c o n n e c t in g  l i n k  betw een  th e  two 

p r o c e s s e s .

I f  t h e r e  be an y  o b je c t i o n  t o  t h i s  ty p e  o f  

r e a s o n in g  i t  w i l l  s u r e l y  be in  p o i n t i n g  o u t th e  l a r g e  num ber 

o f  i n h i b i t o r s  w h ich  show d i f f e r e n t i a l  e f f e c t s  on g ro w th  an d  

r e s p i r a t i o n .  Much o f  th e  w ork does g iv e  some s u p p o r t  t o  

th e  a c id - e y e  l e  th e o r y  b u t in  g e n e r a l  i t  shows th e  im m en sity  

o f  th e  p ro b lem  w h ich  ca n n o t be s o lv e d  by r e f e r e n c e  to  one 

i n h i b i t o r  a t  a  s e l e c t e d  c o n c e n t r a t io n  ra n g e I

F o r i n s t a n c e ,  t h e  in c r e a s e d  r e s p i r a t i o n  due to

a u x in  i s  a b o l i s h e d  n o t  o n ly  by io d o a c e ta te  b u t by m a lo n a te .
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a r s e n i t o ,  a r s e n a t e ,  sod ium  f l u o r i d e ,  c a n a v a n in e , sod ium  

f l u o r a c e t a t e  an d  d i c h lo r o a n i s o l e  (B o n n e r , 1948 , 1 9 4 9 ) . 

D in i t r o p b e n o l  may in c r e a s e  r e s p i r a t i o n  a t  th e  same tim e  as  

g ro w th  i s  i n h i b i t e d .  E m etin e  an d  b e r b e r in e  i n h i b i t  g ro w th  

b u t have no e f f e c t  w h a ts o e v e r  on th e  r e s p i r a t i o n  (G oddard ,

1 9 4 8 ) .

The io d o a c e t a te  r e s u l t s  a r e  s u p p o r te d  by th e  f a c t  

t h a t  o th e r  -SH com b in in g  i n h i b i t o r s  seem  t o  have a  s i m i l a r  

e f f e c t  i . e .  th e y  i n h i b i t  g ro w th  w i th  v e ry  l i t t l e  o r  no  e f f e c t  

on r e s p i r a t i o n .  S uch  s u b s ta n c e s  a r e  io d o a c e ta m id e , 

a r s e n i t e ,  m a p h a rsen , p .- c h lo ro m e rc u r ib e n z o a te ,  an d  p h e n y Im e rc u r ic  

s a l t s  (B o n n er, 1 9 48 , 1949) (Thim ann an d  B o n n er, 1949)

(T him ann, 1 9 4 8 ) . However o th e r  i n h i b i t o r s  w h ich  a r e  p ro b a b ly  

-SH com b in in g  s u c h  a s  p ro to a n e m o n in  and  coum arin  i n h i b i t  

g ro w th  an d  r e s p i r a t i o n  t o  th e  same e x t e n t .  T h e i r  a c t i o n  i s  

r e v e r s e d  by B .A .L . (1  2 d im e rc a p to p ro p a n e ) .

The p i c t u r e  h as  been  ev en  f u r t h e r  c o m p lic a te d  by 

th e  d is c o v e r y  o f  B onner (1948) t h a t  a d e n y l ic  a c i d  an d  a r g in in e  

b o th  s t i m u l a t e  th e  p r o c e s s e s  o f  g ro w th  an d  r e s p i r a t i o n .

T h is  l e d  t o  th e  e l a b o r a t i o n  o f  a  th e o r y  by w h ich  th e  

r e s p i r a t i o n  c o n t r o l l i n g  g ro w th  was p i c t u r e d  a s  a  num ber o f  

s t e p s  e a c h  o f  w h ic h  may be s t im u la te d  by c e r t a i n  s u b s ta n c e s  

and  i n h i b i t e d  by t h e i r  a n t a g o n i s t s .  T hese s t e p s  w ere n o t  in  

g e n e r a l  i d e n t i f i a b l e  w i th  an y  f a m i l i a r  p a r t  o f  th e  known 

r e s p i r a t o r y  c y c le  (B o n n er, 1 9 4 9 ) . U n t i l  some a t te m p t h as 

b een  made t o  i d e n t i f y  th e s e  h y p o th e t i c a l  s t e p s  t h i s  t h e o r y
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c a n n o t be t r e a t e d  w i th  an y  s e r i o u s n e s s .

A l l  th e  h y p o th e s e s  above have b een  b ased  on r e s u l t s

f o r  Avena c o l e o p t i l e  t i s s u e  o r  f o r  p ea  s te m s .  No w ork  has

been  done on th e  e f f e c t  o f  i n h i b i t o r s  on s e c t io n s  ta k e n  from  

th e  e l o n g a t i n g  zone o f  r o o t s .  I t  seem ed t h a t  a  f u l l  

i n v e s t i g a t i o n  o f  th e  b e h a v io u r  o f  r o o t  s e c t i o n s  u n d e r  

co m p arab le  c o n d i t io n s  t o  th o s e  t o  w h ich  Avena c o l e o p t i l e  

s e c t io n s  have been  s u b je c te d  m ig h t th row  some l i g h t  on 

p o s s i b l e  c o n n e c tin g  l i n k s  be tw een  g ro w th  an d  r e s p i r a t i o n  in  

th e  m e ta b o lism  o f  r o o t  t i s s u e #

The e lo n g a t in g  zone in  u n ifo rm  p ea  r o o t s  h as  been

s t r i c t l y  l o c a te d  an d  s e c t i o n s  have been  ta k e n  fro m  th e  zone

o f  maximum e l o n g a t i o n .  A te c h n iq u e  f o r  t h e i r  c u l t u r e  

e n s u r in g  u n ifo rm  g ro w th  h as  been  d e v is e d .  Changes i n  g ro w th  

r a t e s  and  r e s p i r a t i o n  r a t e s  o v e r  a  p e r io d  o f  48 h o u rs  have 

b een  n o te d  by t a k in g  sam p les  a t  i n t e r v a l s .  The e f f e c t  o f  

s u c ro s e  a n d  sod ium  h y d ro g en  rn a la te  a s  m e ta b o l i te s  i n  th e s e  

p r o c e s s e s  have been  d e te rm in e d .  A uxin a c t i o n  h as  b een  

o b s e rv e d  a t  s t i m u l a t o r y  an d  i n h i b i t o r y  c o n c e n t r a t i o n s .

T h ree  i n h i b i t o r s  w ere u s e d  -  sod ium  a r s e n a t e ,  d in i t r o p h e n o l  

a n d  i o d o a c e t a t e .  The r e s u l t s  w ere s t r i c t l y  com pared w i th  

th o s e  p r e v io u s l y  o b ta in e d  f o r  Avena t i s s u e  a n d  th e  fo l lo w in g  

w ere ta k e n  s t r i c t l y  i n t o  a c c o u n t : -

( a )  th e  t im e : - d r i f t  o f  r e s p i r a t o r y  a n d  g ro w th  m easurem en ts

(b )  c o n c e n t r a t io n  e f f e c t s  o f  i n h i b i t o r s

(c )  th e  e f f e c t s  o f  i n h i b i t o r s  i n  v a r y in g  a u x in  

c o n c e n t r a t io n s  •
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M a te r i a l s  a n d  m ethods

" S eeds o f  P iaum  s a t iv u m  ( v a r i e t y  ’̂M e te o r” ) ,  

s u p p l i e d  a t  r e g u l a r  i n t e r v a l s  by M essrs S u t to n  a n d  S o n s , 

w ere  s u r f a c e - s t e r i l i s e d  by p l a c i n g  f o r  2 m in u te s  in  8 0 ^  

a l c o h o l ,  fo l lo w e d  by 2 m in u te s  i n  0 . 2^  m e rc u r ic  c h l o r id e  

s o l u t i o n  a n d  by th o ro u g h  w a sh in g  in  t a p  w a te r  c o n ta in in g  

one d ro p  o f  s a t u r a t e d  so d iu m  s u lp h id e  s o lu t io n *  They w ere 

so a k e d  o v e r n ig h t  i n  ru n n in g  t a p  w a te r  an d  p l a n t e d  i n  a  

d a rk  c u p b o a rd  in  f r e q u e n t l y  s t e r i l i s e d  s a n d ,  damped w i t h  

g l a s s - d i s t i l l e d  w a t e r .

T h is  m eth o d  o f  g e r m in a t io n  was fo u n d  t o  be f a r  

s u p e r i o r  t o  ones s o a k in g  s e e d  in  s t i l l ,  n o t  ru n n in g  w a te r ,  

o r  u s i n g  v e r r a i c u l i t e  o r  f i l t e r  p a p e r  i n s t e a d  o f  san d *  An 

a d e q u a te  num ber o f  u n ifo rm  s t r a i g h t  r o o t s  c o u ld  be p ro d u c e d  

a t  a n y  one t i m e .

The s e e d l in g s  w ere  a lw ay s u s e d  on th e  t h i r d  d ay  

o f  p la n t in g *  At t h i s  t im e  th e y  have a  s i n g l e  p r im a ry  r o o t  

an d  th e  p lu m u le  h as  n o t  y e t  em erged* S t r a i g h t  r o o t s  o f  

s i m i l a r  s i z e  w ere  c a r e f u l l y  s e l e c t e d ,  3*5  -  4 .5  cm* lo n g .

F o r th e  e a r l y  e x p e r im e n ts  r o o ta  o r  r o o t  s e c t i o n s  

w ere  p la c e d  in  a  c u l t u r e  s o l u t i o n  s i m i l a r  t o  th e  f a m i l i a r  

A-2 s o l u t i o n  o f  H o ag lan d  an d  S n y d e r , w i th  m o d i f ic a t io n s  to  

a d j u s t  th e  pH t o  6*5 a s  a d v is e d  by  Audus (1 9 4 8 ) .

In  l a t e r  e x p e r im e n ts  i t  was c o n s id e r e d  a d v i s a b le  

t o  u s e  g l a s s - d i s t i l l e d  w a te r  o r  g l a s s - d i s t i l l e d  w a te r  p lu s  

s u c ro s e  a s  a  c o n t r o l ,  s in c e  p o s s i b l e  e f f e c t s  o f  v a r io u s  

n u t r i e n t s  re m a in e d  an  unknown f a c t o r *  F o r  i n s t a n c e .
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v an  S a n to n  (1940*) show ed so d iu m  io n s  i n h i b i t  th e  g ro w th  o f  

r o o t  s e c t i o n s ;  an d  Brown and  S u t c l i f f e  (1 9 5 0 ) t h a t  p o ta s s iu m  

s t i m u l a t e s  r e s p i r a t i o n  a n d  g ro w th . The s t i m u l a t i n g  e f f e c t  

o f  p h o s p h a te  i s  w e ll-k n o w n . A l l  s o l u t i o n s  w ere n e u t r a l i s e d  

t o  pH 7 .0  by  u s e  o f  N /lO  p o ta s s iu m  h y d ro x id e  a n d  

h y d r o c h lo r ic  a c i d  s o l u t i o n s  w here  n e c e s s a r y .  I t  was fo u n d  

t h a t  th e  tim e  d r i f t  o v e r  th e  48 h o u r  e x p e r im e n ta l  p e r i o d  was 

v e r y  s m a l l  in d e e d ,  n e v e r  e x c e e d in g  0 .5  pH u n i t s .

P r e l im i n a r y  e x p e r im e n ts  on w hole i s o l a t e d  r o o t s

R e s p i r a to r y  m easu rem en ts  w ere made u s in g  c o n s t a n t -  

volum e W arburg  m anom eters f o l lo w in g  th e  m ethod  e l a b o r a t e d  

by D ixon (1 9 4 3 ) a n d  by U m b re it e t  a l .  ( 1 9 4 9 ) .  The w a te r  

b a t h  was m a in ta in e d  a t  26^0 and  th e  m anom eters w ere sh a k e n  

a t  65 r .p .m .  I s o l a t e d  th r e e - d a y  o ld  r o o t s  gave v e r y  

c o n s ta n t  r e s p i r a t i o n  r e a d in g s  o v e r  a  10 h o u r  p e r i o d .  R oots 

ta k e n  from  th e  same b a t c h  o f  s e e d l in g s  w ere l e s s  v a r i a b l e  

th a n  th o s e  ta k e n  fro m  d i f f e r e n t  b a tc h e s  o f  s e e d l i n g s ,  p l a n te d  

a t  d i f f e r e n t  t i m e s .  A l l  r o o t s  w ere w ashed  w i th  g l a s s -  

d i s t i l l e d  w a te r  a n d  t r a n s f e r r e d  d i r e c t l y  t o  W arburg  f l a s k s ,  

c o n ta in in g  5 m l. m edium .

The f o l lo w in g  a r e  means o f  6 e x p e r im e n ts  on 

d i f f e r e n t  b a tc h e s  o f  s e e d l in g s  ( w i th  th e  c a l c u l a t e d  s ta n d a r d  

e r r o r ) .

Oxygen a b s o r p t i o n / 0 .1  g .  t i s s u e / h o u r  

G la s s - d i s  t i l l e d  w a te r  1 5 .7  4 2 .3

G la s s - d i s  t i l l e d  w a te r

% s u c r o s e .  2 0 .3  + 1#6
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Oxygen a b a o r p t i o n / O . l  g .  t i s s u e / h o u r  

C u l tu r e  s o l u t i o n  4 6 .6  t  6 .7

C u l tu r e  s o l u t i o n  2$,

s u c r o s e .  3 7 .9  ^  1 .7

The oxygen  a b s o r p t i o n  /  0 .1  g t i s s u e  f r e s h  w e ig h t 

was t h r e e  t im e s  a s  g r e a t  i n  c u l t u r e  s o l u t i o n  a s  i n  g l a s s  

d i s t i l l e d  w a t e r .  T h is  e f f e c t  i s  an  i n i t i a l  e f f e c t ,  a p p a re n t  

fro m  th e  f i r s t  r e a d in g  a n d  h en ce  c a n n o t be a t t r i b u t e d  t o  

d i f f e r e n t  f i n a l  l e n g t h  o f  t h e  tw o sam p les  i The e f f e c t  o f  

s u c ro s e  i s  n o t  s i g n i f i c a n t ,  f o r  w hole r o o t s ,  i n  e i t h e r  

i n s t a n c e .

The c u l t u r e  medium was b u f f e r e d  and  c o n ta in e d  

p o ta s s iu m , f e r r i c  an d  c a lc iu m  p h o s p h a te s .  T hese s u b s ta n c e s  

w ere  d o u b t le s s  p a r t l y  r e s p o n s i b l e  f o r  th e  v e ry  h ig h  

r e s p i r a t i o n  r a t e  i n  c u l t u r e  s o l u t i o n .  I t  i s  n o te d  t h a t  th e  

a d d i t i o n  o f  2% s u c r o s e  h ad  no e f f e c t . In  f u r t h e r  e x p e r im e n ts  

on s e c t i o n s  ta k e n  f ro m  th e  e l o n g a t i n g  zone o f  th e  r o o t ,  i t  

w i l l  be shown t h a t  s u c ro s e  h ad  a  h ig h ly  s i g n i f i c a n t  i n i t i a l  

e f f e c t .  I t  seem s t h a t  th e  i n i t i a l  c a rb o h y d ra te  s u p p ly  o f  

a  w hole  r o o t  i s  a d e q u a te ,  a n d  does n o t  become d e p le te d  ev en  

o v e r  a  10 h o u r  p e r i o d . However th e  c a rb o h y d ra te  s u p p ly  o f  

t h e  s e c t i o n s  u s e d  i s  v e r y  so o n  d e p le te d  t o  a  v e r y  low  l e v e l ,  

an d  th e  a d d i t i o n  o f  s u c ro s e  h as  a  h ig h ly  s i g n i f i c a n t  e f f e c t  

on r e s p i r a t i o n  (a n d  g r o w th ) .

E x p e r im e n ts  on 14 d ay  r o o t s

I s o l a t e d  14 day r o o t s  i n  g l a s s - d i s  t i l l e d  w a te r  have
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a  s i g n i f i c a n t l y  h ig h e r  r e s p i r a t i o n  r a t e  / O . l g  f r e s h  w e ig h t .

T h is  i s  d o u b t le s s  due t o  th e  g r e a t e r  p r o p o r t i o n  o f  e l o n g a t i n g

a n d  r a e r i s t e m a t ic  t i s s u e  in  th e  l a t e r a l  r o o t s .  T h is  i s

b o rn e  o u t by  r e s p i r a t i o n  r a t e s  o f  com ponent p a r t s .

ToA>V«. 3. Oxygen a b s o r p t i o n / O . l  g t i s s u e

W hole 14 day  r o o t
( g . d .  w a te r )  3 0 .7  f  8 . 6 c.mm.

Root s t r i p p e d  o f  l a t e r a l s  1 7 .5  1 .6

L a t e r a l s  o n ly  3 7 .8  ^  8 .6

R oot t i p s  (3 .3 9  mm. lo n g )  5 0 .3  ^  2 .4

F o r one e x p e r im e n t th e  a c t u a l  r e s p i r a t i o n  r a t e s

o f  p a r t s  fro m  a s i n g l e  r o o t  w e re :

( a )  Whole r o o t  3 4 .4  c.mm. /h o u r

(b ) M ain r o o t  4 .0  c.mm. /h o u r

( c )  L a t e r a l s  2 7 .4  c.mm. /h o u r

T o t a l  (b )  a n d  ( c )  3 1 .4  c.mm. /h o u r

The a p p a r e n t  i n h i b i t i o n  o f  r e s p i r a t i o n  by c u t t i n g  

o f f  t h e  l a t e r a l s  i s  w e l l  w i th in  th e  e x p e r im e n ta l  e r r o r .

The i n t e r e s t i n g  p o in t  a b o u t th e s e  e x p e r im e n ts  i s  

t h a t  t h e y  do c o n f irm  th e  many r e p o r t s  o f  c o n c e n t r a t io n  o f  

r e s p i i ? a to r y  a c t i v i t y  to w ard s  t h e  ap e x  o f  th e  r o o t .  At a  

14 d ay  o ld  s t a g e  th e  l a t e r a l s  a r e  t h e  zone o f  m ost a c t i v e  

e l o n g a t i o n  a n d  m e r is te m a t ic  a c t i v i t y .  I t  h as  been  shown 

h e re  t h a t  th e  r e s p i r a t i o n  / i n i t  f r e s h  w e ig h t i s  h ig h e r  i n  

t h e  l a t e r a l s  th a n  in  th e  m ain  r o o t .  The r o o t  t i p s  w ere 

r e l a t i v e l y  lo n g  (3 .3 9  mm.) and  a s  w i l l  be shown l a t e r
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in c lu d e d  a la r g e  p a r t  o f  th e  e lo n g a t i n g  (a s  w e l l  a s  a l l  

th e  m e r is te m a tic )  z o n e .

E x p e r im e n ta l  p o s s i b i l i t i e s  a r e  i n f i n i t e  h e r e .

By v a r io u s  c o m b in a tio n s  o f  c u t t i n g  o f f  t i p s ,  l a t e r a l s  and  

le a v in g  b o th  o r  e i t h e r - i n t a c t  i t  s h o u ld  be p o s s ib le  t o  

o b ta in  a p i c t u r e  o f  th e  d i s t r i b u t i o n  o f  r e s p i r a t o r y  a c t i v i t y  

th ro u g h o u t t h i s  f a i r l y  m a tu re  r o o t  s y s te m . T h is  has been  

w e ll  a t te m p te d  in  p r im a ry  r o o t s  by B e rry  an d  B rock (1946) 

and by Brovim and  B ro ad b en t (1951) b u t as  y e t  we have fo u n d  

no r e f e r e n c e  t o  w ork  on m a tu re r  r o o t  t i s s u e #  T h is  p ro b lem  

i s  how ever o u ts id e  o u r  t h e s i s  b u t ,  i f  su c h  s tu d i e s  w ere 

p aralle led  by o b s e rv a t io n s  on g ro w th , m ig h t th row  some l i g h t  

on th e  i n t e r - r e l a t i o n s  o f g ro w th  and  r e s p i r a t i o n  in  r o o t  

t i s s u e .

E f f e c t  o f  s e c t io n in g  on su b s e q u e n t r e s p i r a t i o n

I t  was p ro p o se d  t o  s tu d y  th e  e lo n g a to r y  g ro w th  a n d , 

t o  s im p l i f y  th e  p ro b lem  as  much as  p o s s i b l e ,  c e l l s  u n d e rg o in g  

e lo n g a t io n  w ere i s o l a t e d  by ta k in g  s e c t io n s  from  th e  

a p p r o p r ia te  zone o f  th e  p r im a ry  r o o t .  S uch  s e c t io n s  a r e  

i s o l a t e d  from  th e  p o s s i b le  r e t a r d i n g  in f lu e n c e s  o f  th e  

t i p  "(Banning has been  u n a b le  t o  p ro v e  t h e i r  e x i s ta n c e  in  th e  

p a r t i c u l a r  in s ta n c e  o f  P isum  s a tiv u m ^ and  a l s o  fro m  th e  

m o d ify in g  in f lu e n c e s  an d  n u t r i t i v e  s o u rc e s  o f  m a tu re r  p a r t s .  

I t  i s  how ever p o s s i b le  t h a t  s e c t i o n i n g  i t s e l f  may have a  n o t 

n e g l i g ib l e  e f f e c t  on f u tu r e  g ro w th  and  deve lopm en t o f  th e  

c e l l s .  I n c r e a s e s  in  r e s p i r a t i o n  f o l lo w in g  sh o ck  t r e a tm e n ts
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s u c h  a s  h a n d l in g ,  b u rn in g  o r  c u t t i n g  a r e  w e l l  know n, an d  may 

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

w h e th e r  t h i s  p a r t i c u l a r  ty p e  o f  t i s s u e  te n d s  t o  g iv e  s u c h  

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

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

S e v e r a l  e x p e r im e n ts  have  b e e n  c a r r i e d  o u t t o  t h a t

e n d .  I t  h as  been  n o te d  above t h a t  c u t t i n g  o f f  l a t e r a l  

r o o t s  i n  a  w e l l  d e v e lo p e d  r o o t  sy s te m  h ad  no s i g n i f i c a n t  

e f f e c t  on th e  sum o f  s u b s e q u e n t  r e s p i r a t i o n  r a t e s  o f  th e  

p a r t s .  F u r t h e r ,  c u t t i n g  a  p r im a ry  o -d a y  o ld  r o o t  a lo n g  

i t s  l e n g th  i n t o  *^long” o r  ^ s h o r t s e c t i o n s  p ro d u c e d  no 

s i g n i f i c a n t  change o r  o n ly  s l i g h t  i n h i b i t i o n  o f  s u b s e q u e n t  

r e s p i r a t i o n  r a t e .  The f o l lo w in g  i s  a  t y p i c a l  e x p e r im e n t —

 tw o r o o t s  w ere  s e l e c t e d  a s  n e a r  a s  p o s s i b l e  s i m i l a r  an d

t h e i r  f r e s h  w e ig h ts  o b ta in e d #  T hey  w ere p la c e d  in  

m anom eter f l a s k s  a n d  t h e i r  oxygen  a b s o r p t io n  r e c o r d e d  o v e r  

a  one h o u r  p e r i o d .  A f t e r  one h o u r one r o o t  was rem oved 

from  i t s  f l a s k  an d  o u t  a lo n g  i t s  l e n g th  i n t o  3 .3 9  mm. s e c t io n s  

The s e c t i o n s  w ere  r e p la c e d  i n  t h e  f l a s k  a n d  th e  r e s p i r a t i o n

o f  th e  tw o sam p les  d e te rm in e d  s id e  by  s i d e .

T<xV)W 3 R ead in g s  c.mm. oxygen a b s o r b e d / Ï 5  m in u te s /O .lg
t i s s u e

Time 1 s t  h o u r  2nd  h o u r  3 rd  h o u r  4 t h  h o u r

W hole r o o t  A 10.04^0.4  9 .9 - tO .l  1 1 .5 r 0 .4  1 2 .0 + 0 .0

Whole r o o t  B 1 0 .3 + 0 .3  8 * 5 + 0 .6 9 .3 + 1 .0  9 .2 + 1 .0

% fro m  t h i s  p o in t  th e  r o o t  was rem oved an d  s e c t i o n e d .  

The s t a n d a r d  e r r o r s  w ere  c a l c u l a t e d  fro m  th e  f o u r  r e a d in g s
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o v e r  th e  p e r io d  i n d i c a t e d .

The c o n t r o l  r o o t  show ed a  s l i g h t  d r i f t  upw ards i n  

oxygen a b s o r p t i o n  o v e r  a  4 h o u r  p e r io d  a n d  r e a d in g s  w ere 

v e r y  c o n s ta n t  o v e r  e a c h  e x p e r im e n ta l  p e r i o d .  The se c o n d  

r o o t  B h ad  n e a r l y  t h e  same i n i t i a l  r e s p i r a t i o n  r a t e  b u t 

s e c t i o n i n g  was f o l lo w e d  by i n h i b i t i o n  ( b a r e l y  s i g n i f i c a n t ) .

No r i s e  was o b s e rv e d  w i th  t im e .

The above e x p e r im e n t was p e rfo rm e d  i n  g l a s s - d i s t i l l e d  

v / a t e r .  O th e r  e x p e r im e n ts  i n  g l a s s - d i s t i l l e d  w a te r  p lu s  

s u c ro s e  gave s i m i l a r  r e s u l t s .  No s t i m u l a t i o n  was e v e r  

o b s e rv e d  by t h i s  m ethod  o f  s e c t i o n i n g .

I t  may be m e n tio n e d  t h a t  Audus (1 9 3 5 , 1938) o b ta in e d  

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

a n d  o t h e r  le a v e s  s t a r v e d  in  th e  d a rk  s im p ly  by  ru b b in g  o r  

b e n d in g . T h is  s t i m u l a t i o n  l a s t e d  o v e r  a  r e l a t i v e l y  lo n g  

p e r io d  (2  t o  3 d a y s )  a n d  v a r i e d  i n  i n t e n s i t y  fro m  1 8 .8  t o  

1 8 2 .8 ^  in  d i f f e r e n t  s p e c i e s .  S in c e  p l a n t  p h y s i o l o g i c a l  

w ork  v e r y  o f t e n  in v o lv e s  h a n d l in g  o f  p l a n t  t i s s u e ,  i t  i s  

im p o r ta n t  t o  d i s t i n g u i s h  b e tw een  an y  e f f e c t s  due t o  h a n d l in g ,  

a n d  e f f e c t s  due t o  s u b s e q u e n t  t r e a tm e n t#

Brown a n d  B ro ad b e n t (1 9 5 0 ) have  a l s o  d e te rm in e d  th e  

e f f e c t  o f  s e c t i o n i n g  on r o o t  t i s s u e  r e s p i r a t i o n ,  u s in g  p ea  

r o o t s .  T hey  f i n d  t h a t  o v e r  t h e  f i r s t  4.0mm. fro m  t h e  t i p  

th e  com bined  r e s p i r a t i o n  r a t e s  o f  s u c c e s s iv e  seg m en ts  does 

n o t  d i f f e r  s i g n i f i c a n t l y  fro m  t h a t  o f  th e  i n t a c t  f r a g m e n t .

T h e i r  seg m en ts  w ere  o n ly  0 .4  mm. lo n g .  T hey  d id  how ever
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f i n d  a  s i g n i f i c a n t  lo w e r in g  on s e c t i o n i n g  4 .0  t o  9 .  0 mm. 

fro m  th e  t i p ,  u s i n g  0 .4  mm. s e c t i o n s .  However u s in g  lo n g e r  

s e c t i o n s  -  i . e .  c u t t i n g  a c r o s s  an d  dam ag ing  fe w e r  v a c u o la t e d  

c e l l s  -  t h e y  fo u n d  no  s i g n i f i c a n t  d i f f e r e n c e .

in  th e  e x p e r im e n ts  d e s c r ib e d  above we have u s e d  a  

r e l a t i v e l y  lo n g  r o o t  com pared  w i th  t h a t  u s e d  by Brown a n d  

B ro a d b e n t, an d  we h ave made no  d i s t i n c t i o n  b e tw een  s e c t i o n s  

ta k e n  p r i o r  t o  o r  a f t e r  th e  c r i t i c a l  4 .0  mm. p o in t  (fro m  

th e  t i p ) .  A l a r g e r  am ount o f  m a tu re r  t i s s u e  h as  been  

in c lu d e d ,  an d  th e  o v e r a l l  e f f e c t  h as  been  s l i g h t l y  i n h i b i t o r y .  

Brown a n d  B ro ad b e n t (1 9 5 1 ) m easu red  th e  r e s p i r a t i o n  o f  

sa m p le s  o f  s e c t i o n s  t a k e n  a t  e q u a l  d i s t a n c e s  fro m  th e  t i p ,  a n d  

th e  t o t a l  r e s p i r a t i o n  on s e c t i o n i n g  was ta k e n  a s  t h e  sum o f  

th e  r e s p i r a t i o n  r a t e s  o f  th e s e  s a m p le s .

I t  can  be s e e n  t h a t  t h i s  t e c h n iq u e  may g iv e  s l i g h t l y  

v a r y in g  r e s u l t s  (due t o  s a m p lin g  e r r o r )  b u t  i t  seem s 

u n l i k e l y  t h a t  t h e r e  i s  an  e x c e s s iv e  i n h i b i t i o n  o r  an y  

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

e f f e c t  i s  p r o b a b ly  a c c o u n te d  f o r  by damage t o  th e  c e l l s ,  

l o c a l  e x u d a t io n  o f  t o x i c  m a t e r i a l s  e t c .  n o t  t o  an y  

fu n d a m e n ta l m e ta b o l ic  change a s  one may su p p o se  t a k e s  p la c e  

d u r in g  sh o c k  r e s p o n s e s  i n  t h e  c h e r r y  l a u r e l  (A udus, 1935 , 1 9 3 8 ) .
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T e c h n iq u e  o f  s e c t i o n  c u t t i n g

In  o u r  e x p e r im e n ts  we u s e d  s e c t i o n s  o f  two 

d i f f e r e n t  l e n g th s  ( a )  lo n g  s e c t i o n s  3 .3 9  + 0 .0 5  nm. lo n g  

s l i c e d  o f f  i n  a  s i m p l i f i e d  c u t t e r  o f  th e  ty p e  em ployed by 

v an  d e r  W eij ( 1 9 3 2 ) .  I t  c o n s i s t e d  o f  two s h e e t s  o f  

p e r s p e x ;  th e  lo w e r  b e in g  u n p e r f o r a te d  a n d  s e r v in g  as  a  

l e v e l l e r  o f  t h e  r o o t  t i p s  a n d  an  u p p e r  one h a v in g  1 mm. 

p e r f o r a t i o n s .  The r o o t s  w ere c u t o f f  a b o u t 2 cm. lo n g  

an d  s to o d  u p r i g h t  i n  th e  h o le s  u n d e r  t h e i r  own w e ig h t -  

th e  t i p s  r e s t i n g  on th e  lo w e r  p l a t e .  The a p ic e s  w ere 

s l i c e d  o f f  by a  b la d e  on th e  s u r f a c e  o f  th e  u p p e r  p l a t e .

T h is  was r e p e a t e d  f o r  s u b te r m in a l  s e c t io n s  an d  o th e r  s e c t io n s  

a s  r e q u i r e d .

The l e n g t h  .o f th e  a p e x  was v a r i e d  by u s in g  a  b la d e  

g u i l l o t i n e - w i s e  on a  g r a d u a te d  s c a l e .  The r o o t s  w ere p la c e d  

o v e r  a  s l o t  b e tw een  tw o g l a s s  s l i d e s  a f f i x e d  t o  t h i s  s c a le  

( s e e  d ia g r a m s ) .

An a c c u r a t e  2 .0  mm. ap e x  was o b ta in e d  by ( b ) .

(b )  s h o r t  s e c t i o n s  1 .9 8 3  0 .0 0 5  mm. lo n g  u s in g  a

d o u b le -b la d e  g u i l l o t i n e  c u t t e r .  The c u t t e r  c o n s i s t s  o f  

a  p e r s p e x  b a s e  i n  w h ich  t h e r e  a r e  two c e l l u l o i d  u p r i g h t s  o f  

c o n s ta n t  t h i c k n e s s . T hese a r e  b o red  w i th  h o le s  p la c e d  

o p p o s i t e  t o  one a n o th e r  1 mm. in  d ia m e te r .  The r o o t s  a r e  

s u p p o r te d  i n  a  h o r i z o n t a l  p o s i t i o n  p a s s in g  th r o u g h  th e s e  h o l e s .  

The t i p s  w ere  l e v e l l e d  o f f  f l u s h  w i th  t h e  edge o f  a  p e rs p e x  

b lo c k  t o  t h e  o u t e r  edge  o f  one c e l l u l o i d  u p r i g h t .  The a p ic e s
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a n d  3U b - t9 p ra in a l se g m en ts  w ere  s e v e r e d  by one s i n g l e  c u t t i n g  

m o tio n  o f  t h e  g u i l l o t i n e .  The g u i l l o t i n e  c o n s i s t e d  o f  tw o 

b la d e s  c lam ped  a t  a  c o n s t a n t  d i s t a n c e  fro m  one a n o t h e r .

The s e v e r e d  a p i c e s  w ere  e q u a l  I n  l e n g t h  t o  th e  t h i c k n e s s  o f  

one c e l l u l o i d  u p r i g h t  I . e .  2 .0  mm. lo n g  an d  th e  s u b P te rm ln a l  

se g m en ts  w ere  a b o u t  1 .9 8 3  mm. I . e .  j u s t  u n d e r  2 ,0  mm. lo n g .  

L o c a t io n  o f  t h e  zo n e  o f  maximum e lo n g a t io n

T h re e  d ay  o ld  r o o t s  3 .5  t o  4 .5  cm. lo n g  w ere  

s e l e c t e d  f o r  u n i f o r m i t y  an d  s e c t io n e d  I n to  " lo n g ” ( 3 .3 9 )  

s e c t i o n s  fro m  th e  t i p .  F o u r s e c t i o n s  w ere ta k e n  fro m  e a c h  

r o o t  an d  d e s ig n a te d  a s  s e c t i o n s  1 .  ( t e r m i n a l ) ,  2 . ( s u b -  

t e r m i n a l )  ,  3 . ,  4 .  E ach  sam p le  c o n s i s t e d  o f  tw e lv e  s e c t i o n s  

t a k e n  f ro m  th e  sam e r e g i o n .  T hey  w ere  p la c e d  i n  p e t r l -  

d l s h e s  w i th  o n ly  s u f f i c i e n t  l i q u i d  t o  h a l f  c o v e r  them  an d  k e p t 

a t  2 6 °0  In  a n  i n c u b a t o r .  S am ples w ere  rem oved a t  I n t e r v a l s  

a n d  t h e  s e c t i o n s  m easu red  u s i n g  a  t r a v e l l i n g  m ic ro s c o p e .

Means w ere  ta k e n  o f  t h e s e  r e a d in g s  f o r  l e n g t h  an d  e lo n g a t io n  

c a l c u l a t e d  a s  a  ^  o f  th e  o r i g i n a l  mean l e n g t h  (3 .39m m .)

ToA»i«. A c tu a l  a n d  % e l o n g a t io n

mm fro m  t i p  
S e c t io n s

0 . 0 -
1

3 .3 9 3 .3 9 - 6 .7 8
2

6 .7 8 -
3

1 0 .1 7 1 0 .1 7 -1 3 .5 6
4 T o ^ lC u l tu r e  o n ly mm % mm % mm % mm %

120  m in s . 0 .3 8 1 2 .9 0 .1 2  4 .2 0 .0 5 1 .7 0 .0 0 0 .0 4 .7
240 m in s . 0 .4 7 1 6 .3 0 .2 8  9 .8 0 .0 8 2 .7 0 .0 3 1 .0 7 .5
330 m in s . 0 .4 9 1 6 .7 0 .3 6  1 2 ,6 0 .1 3 4 .4 0 .0 6 2 .1 8 .9

1440 m in s . 0 .5 4 1 8 .4 0 .3 5  1 2 .2 0 .2 0 4 .8 0 .0 9 3 .1 9 .6
2880 m in s . - 0 .4 1  1 4 .3 - 0 .0 8 2 .8 -
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A c tu a l  an d  % e lo n g a t io n  (c o n t* d )

mm fro m  t i p  
S e c t io n s

0 . 0-  
1

3 .3 9 3 .3 9 -
2

6 .7 8
»

6 .7 8 -
3

1 0 .1 7 1 0 .1 7 -1 3 .5 6  
4 T o p ilC u l tu re  ^ 0  

s u c ro s e
mm % mm '  % nm % nm %

120 m in s . 0 .1 2 4 .1 0 .1 1 3 .8 0 .0 1 0 .3 0 .0 6 2 .2 2 .6
240 m in s . 0 .4 0 1 3 .9 0 .3 0 1 0 .4 0 .0 9 3 .1 0 .0 6 2 .2 7 .4
360 m in s . 0 .3 7 1 2 .9 0 .2 9 1 0 .1 0 .1 3 4 .4 0 .0 6 2 .2 7 .4

1470 m in s .

C u ltu re  2% 
s u c ro s e

0 .3 8 1 3 .2 0 .2 8 9 .7 0 .2 0 6 .0 0 .0 8 2 .7 7 .9

90 m ins • 0 .0 9 2 .6 0 .1 1 3 .2 0 .0 7 2 .1 0 .0 1 0 .3 2 .1
210 m in s . 0 .3 5 1 1 .3 0 .0 5 ( 1 .7 ) 0 .1 0 2 .8 0 .0 2 0 .6 3 .7
300 m in s . 0 .4 0 1 1 .4 0 .1 7 - 4 .9 0 .0 7 2 .1 0 .0 7 2 .8 5 .3
390 m in s . 0 .3 9 1 1 .4 0 .1 6 4 .6 0 .1 2 2 .9 0 .1 0 2 .9 5 .5

1440 m in s . 0 .3 9 1 1 .4 0 .1 6 4 .6 0 .1 2 2 .9 0 .1 0 2 .9 5 .5

The t a b l e  (N o .4  ) shows t h a t  i n  th e  t h r e e  m edia em ployed 

s e c t i o n  1 .  a lw ay s shows maximum e l o n g a t i o n .  The zone o f  

maximum e l o n g a t io n  i s  hence lo c a te d  q u i t e  n e a r  th e  t i p .

I t  i s  e v id e n t  t h a t  in  th e s e  e x p e rim e n ts  t o t a l  g ro w th  ta k e s  

p la c e  i n  th e  f i r s t  5 t o  6 h o u r s .  T hese r e s u l t s  a r e  f o r  

^̂ lo n g ^̂ s e c t io n s  i n  s t i l l  c u l t u r e .  L a te r  e x p e r im e n ts  w i th  

s h o r t  s e c t i o n s ,  s h a k in g  d is h e s  and  g l a s s : - :d i s t i l l e d  w a te r  

show a  much lo n g e r  g ro w th  p e r io d .

S in c e  we p ro p o sed  to  u s e  su b H te rm in a l s e c t io n s  in  

o u r  f i n a l  e x p e r im e n ts  i t  became e v id e n t  t h a t  a p ic e s  o f  l e s s  

th a n  3 .5 9  mm. m ust be rem oved t o  l o c a t e  th e  zone o f  maximum 

e l o n g a t i o n .

A n o th e r s e r i e s  o f  e x p e r im e n ts  w ere p e rfo rm e d  

s p e c i f i c a l l y  on th e  e lo n g a t io n  o f  s u b - te r m in a l  segm en ts 

s e v e r in g  a p ic e s  o f  0 .0 ,  1 .0 ,  2 .0 ,  3 .0 ,  3 .3 9  mm. lo n g  w i th
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t h e  g u i l l o t i n e  c u t t e r *  The a c t u a l  s e c t i o n s  w ere  c u t  i n  

th e  v an  d e r  W eij c u t t e r  a s  b e f o r e .
No  S.

The t a b l e  show s t h a t  i n  th e  p e a  r o o t  th e  e l o n g a t i o n  

zone i s  e n t i r e l y  lo c a t e d  in  th e  f i r s t  6 mm* I t  i s  much more 

s t r i c t l y  l o c a t e d  th a n  th e  c o r r e s p o n d in g  zone i n  th e  p e a  

s te m  i n t o  m o d e . ( C h r i s t i a n s e n  an d  Thim ann (1 9 5 0 ) w ere  a b le  

t o  c u t  2 0 .0  mm. s e c t i o n s )  o r  i n  th e  Avena c o le  o p t i l e  

(B o n n e r (1 9 3 3 ) c u t  tw o  a lm o s t i d e n t i c a l  3 mm. s e c t i o n s . )

"TafcW Ko 5 P e r c e n ta g e  e l o n g a t i o n  o f  s e c t i o n s  ( 3 .3 9  0 .0 5  mm)

R oot t i p  
rem oved (a p p ro x )

0mm 1mm 2mm 3mm 3.39mm

2 h o u rs 4 .1 8 .9 5 .2 9 .8 3 .8
4 h o u rs 1 2 .9 2 6 .8 2 2 .9 1 9 .8 1 0 .4
6 h o u rs 1 3 .9 2 3 .8 3 9 .0 3 1 .0 1 0 .1

24 h o u rs 1 4 .0 ** 4 2 .3 9 .7
48 h o u rs 6 7 .1 4 5 .6 3 3 .2

The maximum e l o n g a t i o n  i n  6 h o u rs  i s  o b ta in e d  i f  

a  t i p  o f  2mm. i s  c u t  o f f .  A t 24 h o u rs  i t  i s  o b ta in e d  

u s i n g  a  1 . 0mm. t i p  b u t  i t  h a s  been  shown a n a to m ic a l ly  t h a t  

m i t o s i s  may o c c u r  a s  f a r  a s  1 .5  mm. fro m  th e  a p e x .  I f  

1 mm. t i p s  w ere  u s e d  th e  num ber o f  c e l l s  w o u ld  n o t  n e c e s s a r i l y  

re m a in  c o n s ta n t  th ro u g h o u t  th e  e x p e r im e n t ,  a n d  m o reo v e r  th e  

6 h o u r  r e a d in g s  show t h a t  th e  c e l l s  a r e  n o t  im m e d ia te ly  

r e a d y  f o r  e l o n g a t i o n .

I t  was c o n c lu d e d  t h a t  i t  i s  b e s t  t o  s e v e r  a  2 .0  mm. 

t i p  an d  t h i s  was done f o r  ’’lo n g ” a n d  ”s h o r t ” s e c t i o n s  u s e d  

in  th e  m ain  p a r t  o f  t h e  i n v e s t i g a t i o n .
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E f f e c t  o f  d i s t a n c e  from  th e  t i p  on oxygen a b s o r p t io n

in  th e  p r e v io u s  e x p e r im e n t th e  f o u r  h o u r v a lu e s  a re

th o s e  fo u n d  a f t e r  d e te rm in in g  th e  oxygon a b s o r p t io n  in

sh ak en  W arburg f l a s k s  (63  r . p . m . ) .  R ead ings f o r  o th e r

tim e  p e r io d s  w ere f o r  sam p les  in  s t i l l  m e d ia . O ver th e

s h o r t  p e r io d  o f  f o u r  h o u rs  th e  g ro w th  m easurem en ts a r e  n o t

s i g n i f i c a n t l y  d i f f e r e n t  from  th o s e  in  s t i l l  c u l t u r e .  T h is

e n a b le s  a  v a l i d  e s t im a te  o f  r e s p i r a t i o n  t o  be o b ta in e d .

0mm. 1mm. 2mm. 3 .ram.' 3.4mm 6.8nm ]0#2nm ap ex
remoiBd

% e lo n g a t io n  in
-4  h r s .  ( s t i l l  1 2 .9  2 6 .8  2 2 .9  1 9 .8  1 0 .4

m ed ia)

% e l o n g a t io n  in  
4 h r s .  ( i n  1 3 .9  2 6 .8  3 0 .0  1 9 .6  1 1 .0  3 .1  2 .2

W arburg)

Oxygen a b s o r p t io n  in  
cjan /h o u r /1 2

s e c t io n s  3 3 .3  3 1 .4  3 1 .0  8 6 .7  2 8 .2  3 4 .9  3 3 .9

I t  i s  i n t e r e s t i n g  t o  n o te  th e r e  i s  no s i g n i f i c a n t  

e f f e c t  o f  d i s t a n c e  from  th e  t i p  on r e s p i r a t i o n  r a t e  p la c e d  

on a  u n i t  s e c t i o n  b a s i s .  However u s in g  p ea  r o o t s  Brown and 

B ro ad b en t (1950) fo u n d  t h a t  th e  r e s p i r a t i o n  r a t e /  s e c t i o n  

f a l l s  r a p i d l y  a f t e r  a  p r e l im in a r y  r i s e  up to  2 ,0  ram. from  

th e  t i p .  T hey  u s e d  s e c t io n s  o n ly  0 .4  o r  0 .8  mm. lo n g  an d  

t h e i r  r e s u l t s  a r e  q u i t e  d i f f e r e n t  from  th o s e  o f  B e rry  an d  

B rook (1 9 4 6 ) , who found  a  p e l a#  d i s t r i b u t i o n  o f  r e s p i r a t i o n  

r a t e  from  t i p  to  base  o f  A lliu m  cepa  r o o t s .  B e rry  an d  

B rock  u s e d  lo n g e r  s e c t io n s  5 .0 ,  1 0 .0  and  1 5 .0  ram. lo n g  an d

alw ay s in c lu d e d  th e  t i p  so  as  t o  have o n ly  one c u t  s u r f a c e
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p e r  s e c t i o n .  T h e i r  r e s u l t s  c o n f irm e d  th o s e  o f  Lund an d  

Kenyon (1 9 2 7 ) who, f i n d i n g  th e  r o o t  t i p  re d u c e d  m e th y le n e  

b lu e  a t  a  g r e a t e r  r a t e  th a n  th e  b a s e ,  s t a t e d  i t  was more 

e l e c t r o p o s i t i v e .  F u r th e r  p h e n o l  r e d  t e s t s  show ed a 

g r e a t e r  a p p a re n t  c a rb o n  d io x id e  p r o d u c t io n  in  th e  t i p .  

L e o n a rd  M a c h lis  (1 9 4 4 ) a l s o  o b ta in e d  a  r e s p i r a t o r y  g r a d ie n t  

u s i n g  10.0mm. s e c t i o n s  i n  B a r le y  r o o t s ,  b u t  G reg o ry  a n d  

W oodford  (1939) d is p e n s e d  w i t h  th e  u s e  o f  s e c t i o n s  by 

d e v i s in g  an  a p p a r a tu s  f o r  s tu d y in g  1 cm. s e c t i o n s  on th e  

i n t a c t  r o o t .  U n f o r tu n a t e ly  th e  r e s u l t s  a r e  n o t  c o n s i s t e n t  

en o u g h  t o  be o f  u s e  h e r e .

E x p re s s in g  o u r  r e s p i r a t i o n  r a t e s  on a  u n i t  s e c t i o n  

b a s i s  we f i n d  i n c r e a s in g  d i s t a n c e  fro m  th e  t i p  h as no  e f f e c t  

on r e s p i r a t i o n .  On a  d r y  w e ig h t  b a s i s  th e  r a t e  d e c re a s e s  

s o  t h a t  i t  i s  l e s s  i n  th e  m e r is te m a t ic  z o n e . T h is  c o n f irm s  

th e  r e s u l t s  o f  B ro ad b e n t -  t h e  p r e l im in a r y  r i s e  i s  p r o b a b ly  

o b s c u re d  h e re  due t o  t h e  l e n g t h  o f  th e  s e c t i o n .

A l l  a u t h o r s ,  who have fo u n d  a  h ig h e r  r e s p i r a t i o n  

r a t e  a t  t h e  t i p  on a  u n i t  s e c t i o n  o r  a  f r e s h  w e ig h t b a s i s ,  

h ave  u s e d  r e l a t i v e l y  lo n g  s e c t i o n s  ( g r e a t e r  t h a n  5 .0  m m .). 

The d iv e rg e n c e  o f  r e s u l t s  i s  m ost p ro b a b ly  due t o  th e  l e n g t h  

o f  th e  s e c t i o n s  t a k e n .  I f  th e  l e n g t h  o f  s e c t i o n  i s  s m a l l ,  

th e  s i z e  o f  w ounded s u r f a c e s  i s  l a r g e  com pared w i th  th e  

t o t a l  s u r f a c e  a r e a  a n d  th e  dam aging  e f f e c t  i s  r e l a t i v e l y  

g r e a t .  C o n v e rs e ly  t h e  d i f f e r e n c e  i n  g ro w th  r a t e  a n d  in  

r e s p i r a t i o n  r a t e  o f  c e l l s  a t  b a s a l  and  a p i c a l  en d s  o f  a  lo n g



T<A>W U o. 6 .
fo  E L O N G A T I O N  O P  " L O N G "  S E C T I O N S .

m * a p e x  r e m o v e d O 1 2 3 3.39 6.78 1 0 . :

N O S U C R O S E

2

4

h o u r s .

h o u r s .

12.9
16.3

— 8 . 7
1 7 . 7

— 4.2
12.6

1 . 7

2.7
0.0
1.0

6 h o u r s . 1 6 . 7 — 17.7 - 12.6 4.4 2.1
24 h o u r s . 1 8 . 0 — 35.7 - 16.5 5.0 -

0 . 5 %  S U G R O S S

2 h o u r s . 4 . 1 8.9 5.2 9.8 5.8 0.3 2.2
4 h o u r s . 15.9 26.8 22.9 19.6 10.4 3.1 2.2
6 h o u r s . 12.9 25.8 39.1 31.3 1 0 . 1 4.4 2.2
24 h o u r s . 15.2 67.0 4 5 . 6 35.0 18.4 3.4 -

1 . 0 %  S U G R O S S

2 h o u r s . - - 3 . 5 - - - -
4 h o u r s . - — 1 7 . 7 - - - -

6 h o i J L T S * 8.8 - 20.5 13.2 8.8 - -

24 h o u r s . 5.2 - 3 9 . 4 1 7 . 0 - - -

2.0 fc  S U C R O S E

2 h o u r s . 3.4 - 2.9 - 4.1 2.1 -

4 h o u r s . 6.0 - 1 1 . 2 - — 2.5 -

6 hours. 11.4 — 1 9 . 5 - 4.7 2.5 -

24 h o u r s . 1 4 . 4 w. 21.7 10.2 6.0
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s e c t i o n  i s  l i k e l y  t o  be g r e a t e r  th a n  b e tw een  th o s e  o f  a  

s h o r t  s e c t i o n ,  in  e x p e r im e n ts  we fo u n d  s h o r t e r  s e c t i o n s  

gave more u n if o rm  r e s u l t s ,  a n d , s in c e  t h e y  w ere  ta k e n  fro m  

a  more s t r i c t l y  l o c a t e d  e l o n g a t i n g  r e g i o n ,  gave a  h ig h e r  

a c t u a l  an d  % e l o n g a t i o n .

R e la t i o n s h ip  b e tw een  g ro w th  an d  r e s p i r a t i o n  w i th  v a r y in g  

d i s t a n c e  fro m  th e  t i p , (T a b le  N o, 6  )

The r e s u l t s  ca n  be c o l l e c t e d  i n t o  a  t a b l e  sh o w in g  

c o r r e s p o n d in g  r e s p i r a t i o n  a n d  g ro w th  m e a su re m e n ts . The 

f o l lo w in g  t r e n d s  a r e  e v i d e n t .

( a )  Maximum g ro w th  i s  o b ta in e d  w i th  a  2 ram. a p e x .

(b ) Maximum g ro w th  i s  o b ta in e d  u s in g  a  s o l u t i o n  o f  

^ 0  s u c r o s e .

( c )  R e s p i r a t i o n  r a t e s  t e n d  t o  be lo w e r  i n  th e  

a b s e n c e  o f  s u c r o s e .

The t a b l e  g iv e n  i s  in c o m p le te  and  g iv e s  l i t t l e  

i n d i c a t i o n  o f  e r r o r s . I t  i s  i n  f a c t  o n ly  th e  outcom e o f  

p r e l im in a r y  e x p e r im e n ts .  The r e s u l t s  a r e  b e s t  c o n s id e r e d  

i n  t h e  l i g h t  o f  f u r t h e r ,  m ore e x t e n s iv e  r e s u l t s  (S ee g ra p h  i. 

an d  g ra p h  3. f o r  s h o r t  s e c t i o n s ) .

E f f e c t s  o f  l i g h t  an d  da r im e  s s

Root s e c t i o n s  w ere a lw a y s  c u t  i n  n o rm a l l a b o r a t o r y  

l i g h t  a n d  m a n o m etric  m easu rem en ts  w ere  c a r r i e d  o u t i n  f l a s k s  

e x p o se d  t o  d i f f u s e  l i g h t .  A c c o rd in g  t o  G a ls to n  (1 9 4 9 ) / 3  

i n d o l y l  a c e t i c  a c id  i s  d e s t r o y e d  by  l i g h t  i n  t i s s u e  i n  w h ic h  

r i b o f l a v i n  i s  p r e s e n t , S t r e s s  h a s  b een  l a i d  -in  A vena
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a s s a y  w ork  on th e  u s e  o f  rao n o ch ro m atio  r e d  l i g h t .  S in c e  

t h i s  p r e c a u t i o n  i s  e x p e n s iv e  an d  t e d i o u s ,  p r e l i m i n a r y  

e x p e r im e n ts  w ere  c a r r i e d  o u t t o  d e te rm in e  i f  t h i s  i s  r e a l l y  

n e c e s s a r y .  Some o f  th e  f l a s k s  w ere  c o v e re d  w i th  b l^ c k  

c l o t h  bags a n d  o t h e r s ,  p l a c e d  a l t e r n a t e l y  i n  p o s i t i o n  w ere  

i l l u m i n a t e d ,  by  m eans o f  tw o 150 W att b u lb s  p a r t i a l l y  

e m e rse d  i n  th e  Vifarburg t a n k .  (T h is  i l l u m i n a t i o n  g r e a t l y  

e x c e e d e d  a n y  n o r m a l ly  u s e d  i n  th e  l a b o r a t o r y )

I t  was fo u n d  t h a t  n e i t h e r ,  t h e  g ro w th  r a t e  n o r  th e  

r e s p i r a t i o n  r a t e  was s i g n i f i c a n t l y  a l t e r e d  by e x p o s u re  t o  

l i g h t ;  a n d  l i g h t  d id  n o t  s i g n i f i c a n t l y  change th e

s e n s i t i v i t y  o f  t h e  r o o t  s e c t i o n s  t o  a u x i n ,  ( s e e  l a t e r ) .
_  » • M —11 —10 —9
Toib'L A.0 .1 C o n t r o l  10 I M  10 lAA 10 lAA

L ig h t  5 4 .2 ; r l .4  7 7 .8 ^ 3 .0  2 7 .8 i ;2 .1  2 .1 4 1 .1  % e l o n g a t i o n
D ark n ess  5 3 .3 T 2 .0  7 1 .6 7 2 .8  2 1 . ^ 3 . 1  6 .4 7 4 .0  % e l o n g a t i o n

L ig h t  2 6 .6 ^ 1 .1  2 7 .8 f l .O  2 5 .2 4 1 .7  2 6 . 6 4 0 .8  cmm o x y g en ) r e s -
D a rk n ess  2 8 .0 2 0 .8  2 9 . 3 ^ . 3  2 6 .2 ^ 0 .5  2 5 .4 7 1 .2  cmm o x y g e n ) p i r -

a t  io n  o v e r  
4 h r  .p e r io d

E f f e c t  o f  r i b o f l a v i n  (Graph 3^

^  R ib o f l a v in  s e n s i t i s e s  th e  " in  v i t r o "  p h o to S x id a t io n

o f  I n d o l y l  a c e t i c  a c i d  an d  a  s i m i l a r  e f f e c t  o c c u rs  " i n  v iv o "  

i n  p e a  s te m  s e c t i o n s  ( G a ls to n  an d  B ak er 1 9 4 9 ) .

A lth o u g h  r i b o f l a v i n  was i n h i b i t o r y  i n  a l l  

c o n c e n t r a t i o n s  u s e d  ( 10" ^ ^  t o  10” ^) i t  was c o n s id e r a b ly  more 

so  i n  t h e  l i g h t .  By G a ls to n  a n d  B a k e r s ' t h e o r y  t h i s  was 

a t t r i b u t e d  t o  th e  d e s t r u c t i o n  o f  n a t u r a l l y  o c c u r in g  a u x in  i n  

p e a  r o o t s  i n  th e  p r e s e n c e  o f  r i b o f l a v i n .  P re su m a b ly
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n a t u r a l l y  o c c u r in g  r i b o f l a v i n  i s  i n  to o  low a  c o n c e n t r a t io n  

t o  a p p r e c ia b ly  i n h i b i t  g ro w th  by  a u x in  d e s t r u c t i o n .

1 0 -1 1  1 0 - ’-° 10-® 1 0 -’  1 0 -^
s u c r o s e )  r i b o f l a v i n

L ig h t  35 .14-2 .2  — 2 9 . 8 t l . 7  2 6 .6 ± ,1 .1  2 2 .6 ^ 2 .7  18 .6% 3.2
Darükzies s  3 8 .8 ^ 2 .0  3 8 »8-f2# 1 “*“■ 3 5 .1 ^ 2 .4  3 4 .5hP1 #8 2 9 .7 j j2 .9

I t  i s  c o n c lu d e d  th e  d i f f u s e  l a b o r a t o r y  l i g h t  has 

l i t t l e  o r  no e f f e c t  on a u x in  d e s t r u c t i o n  a n d  h en ce  on 

s u b s e q u e n t g ro w th . T h is  may be due t o  th e  low l e v e l  o f  

n a t u r a l l y  o c c u r in g  r i b o f l a v i n  -  we have no  d i r e c t  e v id e n c e  

o f  t h i s .  Prom th e  above f i g u r e s  i t  was c o n s id e r e d

p e r m is s ib le  t o  u s e  d i f f u s e  l i g h t  f o r  th e  m easu rem en t o f

s e c t io n s  and  f o r  r e s p i r a t o r y  m e a su re m e n ts . E x c e p t f o r  

t h e s e  o p e r a t io n s  th e  s e c t i o n s  w ere k e p t  i n  th e  d a rk  a t  28°C .

*  The r i b o f l a v i n  was i n  th e  fo rm  o f  BEPLAVIT 

p ro d u c e d  by Roche P ro d u c ts  L td .

E la b o r a t io n  o f  th e  f i n a l  te c h n iq u e

1 .  S am p lin g  t e ch n iq u e

Brown an d  S u t c l i f f e  (1 9 5 0 ) s tu d i e d  th e  m e ta b o lism  

o f  Zea an d  O u c u rb ita  r o o t  s e c t i o n s  by means o f  a  s a m p lin g  

te c h n iq u e  o v e r  a  p e r io d  o f  48 h o u r s .

P o llo w in g  t h e i r  m ethod  we u s e d  sam p les  o f  25  s h o r t  

o r  12 lo n g  s e c t io n s  i n  v a r io u s  m ed ia  i n  p e t r i  d i s h e s  a t  2 8 ^ 0 .

The d is h e s  w ere  rem oved a t  i n t e r v a l s  o f  8 -  12 h o u rs  an d  th e

s e c t io n s  p la c e d  in  W arburg  f l a s k s  f o r  th e  d e t e r m in a t io n  o f  

t h e i r  oxygen a b s o r p t io n  by th e  d i r e c t  m e th o d . A f t e r  2 h o u rs  

th e  s e c t i o n s  w ere  rem oved an d  t h e i r  l e n g th s  o b ta in e d  u s in g
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a  t r a v e l l i n g  m ic ro s c o p e . Thus oxygen  a b s o r p t i o n  an d  

e lo n g a t io n  v a lu e s  c o u ld  be o b ta in e d  fro m  th e  same s a m p le .

A new sam ple was u s e d  f o r  e a c h  tim e  i n t e r v a l  d e t e r m in a t io n .

2 .  U se o f  s h o r t  s e c t i o n s

S h o r t  s e c t i o n s  u n d e rg o  a  g r e a t e r  e l o n g a t i o n  t h a n  

lo n g  s e c t io n s  in  a l l  m edia em p lo y ed . The maximum e l o n g a t i o n  

o f  lo n g  s e c t io n s  in  u n sh a k e n  p e t r i  d is h e s  w i t h  5 m l. m ed ia  was 

o n ly  46^ s u c ro s e )  w h erea s  s h o r t  s e c t i o n s  u n d e r  th e  same 

c o n d i t io n s  e lo n g a te  up  t o  8 0 ^ . S h o r t  1 .9 8 3  mm. lo n g  w ere 

u s e d  f o r  a l l  s t a n d a r d  e x p e r im e n ts ,  an d  th e  r e s u l t s  com pared  

f a v o u r a b ly  w i th  th e  e lo n g a t io n  o b ta in e d  in  r o o t  s e c t i o n s  by 

v an  S a n te n  (1942) an d  by Brown an d  S u t c l i f f e  ( 1 9 5 0 ) .

T h ese  w o rk e rs  u s e d  1 .5  mm. s e c t i o n s .

3 .  T i l t i n g  o f  p e t r i  d is h e s

An a p p a ra tu s  was c o n s t r u c te d  by w h ich  th e  p e t r i  

d is h e s  w ere s lo w ly  t i l t e d  on t r a y s  a t t a c h e d  t o  an  e l e c t r i c  

m o to r . T h is  h ad  a  h ig h ly  s i g n i f i c a n t  e f f e c t  on s u b s e q u e n t 

g ro w th  an d  r e s p i r a t o r y  m e a su re m e n ts . U n d er th e s e  c o n d i t io n s  

” long^’ s e c t i o n s  e lo n g a te  u p to  100^  ( i n  s u c r o s e )  an d  

" s h o r t^  s e c t io n s  u p to  200%* Two sp e e d s  o f  t i l t i n g  w ere  

i n v e s t i g a t e d  o f  60 v ib r a t i o n s /m i n u te  a n d  2 v i b r a t i o n s / m i n u t e . 

B o th  th e s e  h ad  a  h ig h ly  s i g n i f i c a n t  e f f e c t .  The sp e e d  o f  

v i b r a t i o n  d id  n o t s i g n i f i c a n t l y  a f f e c t  th e  r e s u l t  ; th e  

s lo w e r  sp e e d  h a v in g  th e  same e f f e c t  a s  th e  f a s t e r  s p e e d .  

I n c r e a s e  i n  e lo n g a t io n  due t o  t i l t i n g  i s  t h e r e f o r e  u n l i k e l y  

t o  be due t o  m e c h a n ic a l  s t i m u l a t i o n  -  i n  s u c h  an  in s t a n c e
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one w ou ld  e x p e c t  e f f e c t s  t o  be p r o p o r t i o n a l  t o  th e  sp e e d

o f  s h a k in g .  B o th  m edia  do how ever e n s u re  a d e q u a te

s t i r r i n g  o f  th e  medium a n d  c o n s ta n t  a e r a t i o n .

C o u lt (1 9 3 9 ) show ed t h a t  s h a k in g  c a u s e d  a  h ig h ly

s i g n i f i c a n t  in c r e a s e  i n  th e  g ro w th  o f  p l a n t s  o f  S in a p s i s  A lb a .

The g r e a t e r  s i n g l e  f a c t o r  was a e r a t i o n .  S c h n e id e r  (1 9 3 8 )

fo u n d  how i n ^ o r t a n t  i t  was n o t  to  c o m p le te ly  subm erge

s e c t io n s  o f  Avena c o le  o p t i l e  t o  o b ta in  maximum e l o n g a t i o n .
vw t ous

However we have foundV^ith root tissu e\p recau tion  is  in

i t s e l f  i n s u f f i c i e n t .  Root s e c t io n s  u n d e rg o  a  much h ig h e r  %

e lo n g a t io n  th a n  p ea  s te m  o r  Avena c o l e o p t i l e  s e c t i o n s .

Brovna an d  S u t c l i f f e  (1 9 5 0 ) o b ta in e d  e l o n g a t i o n  u p  t o  4

t im e s  th e  o r i g i n a l  l e n g t h  i n  2 e a  r o o t  s e g m e n ts . In  P isum

r o o t  t i s s u e  we o b ta in e d  e lo n g a t i o n  u p to  3 t im e s  th e  o r i g i n a l

l e n g th ;  w h ereas p ea  s te m  s e c t i o n s  e lo n g a te  o n ly  22%

( C h r i s t i a n s e n  and  T him ann, 1950) -  t h i s  i s  i n c r e a s e d  t o  55^

in  t h e  p re s e n c e  o f  a u x in .  Avena c o l e o p t i l e  s e c t i o n s

e lo n g a te  o n ly  40-50%  (B o n n er 1 9 4 9 ) . I t  s h o u ld  be n o te d  t h a t

w i th  s te m  an d  c o l e o p t i l e  t i s s u e

(a )  lo n g e r  s e c t i o n s  have b een  i n v a r i a b l y  u s e d

(b ) th e  t i s s u e  h as  n o t  been  t i l t e d  o r  sh a k en  i n  th e  medium 

In  u n sh a k e n  m edia t h e  % e lo n g a t io n  f o r  r o o t  t i s s u e  i s  

n o t i c e a b l y  l e s s  ( s e e  2 .  an d  v a n  S a n te n ,  1 9 4 2 ) .

I t  seem s t h a t  a e r a t i o n  p la y s  a  l a r g e  p a r t  i n  th e  

p ro m o tio n  o f  e lo n g a t io n  o f  r o o t  s e g m e n ts . Brown an d  

S u t c l i f f e  (1950) w ere  a b le  t o  o b t a in  a s  g r e a t  a  % e l o n g a t i o n
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n o t by s h a k in g  o r  t i l t i n g  b u t by  g ro w in g  on s t i l l  s i n t e r e d  

g la s s  d i s c s .  T h is  e n s u re d  maximum a e r a t i o n .  T hey  a l s o  

d e m o n s tra te d  th e  r e t a r d a t i o n  o f  g ro v /th  u n d e r  re d u c e d  oxygen  

p r e s s u r e .

4 .  S e l e c t i o n  o f  th e  a u x in  c o n c e n t r a t io n  t o  be u s e d

Root c e l l  e l o n g a t i o n  i s  n o rm a lly  i n h i b i t e d  by th o s e  

c o n c e n t r a t io n s  o f  a u x in  w h ic h  c a u se  a  s t i m u l a t i o n  i n  s te m  o r  

c o l e o p t i l e  g ro w th . However we f i n d  a  s t i m u l a t i o n  o f  r o o t  

s e c t i o n  g ro w th  u s in g  10**^  ̂ a n d  10 i n d o l y l  a c e t i c  a c i d  an d  

2 .4  d ic h lo r o p h e n o x y - a c e t ic  a c i d  ( 2 . 4 . D . ) .  T h e re  h ave  b een  

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

by th e  a d d i t i o n  o f  lour c o n c e n t r a t io n s  o f  a u x i n s . H ere w i th  

r o o t  s e c t i o n s  we f i n d  c o n s i s t e n t  i n c r e a s e s .  R oot s e c t i o n s  

a r e  p r o b a b ly  more s u i t e d  f o r  a u x in  s t u d i e s  th a n  w hole  r o o t s ,  

s in c e  th e y  a r e  i s o l a t e d  fro m  p o s s i b l e  t i p  i n f l u e n c e s .  A ls o , 

i n  d e a l in g  o n ly  w i th  e l o n g a t i n g  c e l l s  we a r e  p r e s e n te d  w i th  

o n ly  one a s p e c t  o f  g ro w th . M e r is te m a t ic  a c t i v i t y  an d  

m a tu ra t io n  may p o s s i b ly  h av e  d i f f e r e n t  a u x in  o p tim a  w h ic h  

w ould  te n d  t o  o b s c u re  th e  a u x in  e f f e c t  i n  e x p e r im e n ts  w i th  

th e  com plex t i s s u e  o f  a  w ho le  r o o t .

F o r c o m p a ra tiv e  s tu d y  i t  was th o u g h t  d e s i r a b l e  

t o  d e a l  w i th  r e s p i r a t i o n  an d  e l o n g a t i o n  a t  t h r e e  a u x in  

l e v e l s : -

( a )  in  th e  a b se n c e  o f  an y  added  a u x in ;  h e re  g ro w th  may 

be d e p e n d e n t on th e  n a t u r a l l y  o c c u r in g  a u x in .

(b )  in  th e  p r e s e n c e  o f  a  c o n c e n t r a t io n  o f  au x  h i  s t i m u l a t o r y
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t o  g ro w th . (10  o r  10 i n d o l y l  a c e t i c  a c i d

o f  2 .4 .D . )

( c )  i n  th e  p r e s e n c e  o f  a  c o n c e n t r a t i o n  o f  a u x in  

i n h i b i t o r y  t o  g ro w th  (10 * ^  I k k  o r  2 .4 .D . )

F a c t o r i a l  e x p e r i io e n ts  on th e  e f f e c t  o f  s u c r o s e  a n d  a u x in

The m ain  p a r t  o f  th e  i n v e s t i g a t i o n  c o n s i s t e d  o f  a  

l a r g e  num ber o f f a c t o r i a l  e x p e r im e n ts  w h ic h  w ere  c a r r i e d  o u t  

i n  t h e  f o l lo w in g  m an n er.

(a )  e a c h  e x p e r im e n t was l i m i t e d  by th e  num ber o f  

n e a r l y  i d e n t i c a l  3 .5  t o  4 .5  cm. lo n g  p e a  r o o t s  w h ich  c o u ld  

be grown a t  one tim e  an d  by th e  num ber o f  W arburg  m anom eters 

a v a i l a b l e .

(b )  th e  r o o t s  w ere  w ashed  in  g l a s s - d i s t i l l e d  

w a te r  a n d  segm en ts e x c i s e d  2 .0 - 4 .0  mm. fro m  th e  t i p .

Those w ere p la c e d  i n  sa m p le s  o f  25  seg m en ts  i n  p e t r i  d i s h e s  

c o n ta in in g  10 m l. o f  th e  p a r t i c u l a r  m edium .

(c )  p e t r i  d i s h e s  w ere  p la c e d  i n  a n  in c u b a to r  a t  

26^0 in  th e  d a r k ,  on a  s h a k e r  t i l t i n g  th e  d i s h e s  a t  2 

v i b r a t i o n s / m i n u t e .

(d )  s e r i a l  sa m p les  w ere  ta k e n  a f t e r  v a r io u s  t im e  

i n t e r v a l s  an d  th e  s e c t io n s  t r a n s f e r r e d  t o  W arburg  f l a s k s  

t o g e th e r  w i th  1 m l. o f  th e  o r i g i n a l  m edium .

(e )  t h e  oxygen  a b s o r p t io n  o f  s e c t i o n s  was 

d e te rm in e d  by th e  d i r e c t  m ethod o v e r  a  p e r io d  o f  2 -4  h o u r s .

( f  ) t h e  s e c t io n s  w ere rem oved fro m  th e  W arburg  

f l a s k s ,  p la c e d  in  p e t r i  d is h e s  an d  t h e i r  l e n g th s  d e te r m in e d .
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(g )  th e  a a n p le  was th e n  d i s c a r d e d  a n d  new ones 

ta k e n  fro m  th e  in c u b a to r  f o r  o t l i e r  t im e  i n t e r v a l s .

N o tes

1 .  10 m l. medium i n  th e  p e t r i  d i s h e s  o n ly  h a l f

c o v e rs  t h e  s e c t i o n s .  T i l t i n g  e n s u re s  a  t im e  se q u e n c e  o f  

co m p le te  e m e rs io n  fo l lo v /e d  by co m p le te  a e r a t i o n  o f  th e  

s e c t i o n s .  T h is  can  be com pared  w i th  th e  "comb" m ethod  o f  

S c h n e id e r  ( 1 9 3 8 ) .  Avena c o l e o p t i l e  s e c t i o n s  w ere  " th r e a d e d "  

o n to  a  comb w h ich  c o u ld  be a l t e r n a t e l y  lo w e re d  i n t o  a n d  

r a i s e d  above th e  m edium . U n f o r tu n a t e ly  t h i s  m ethod  c a n n o t 

be u s e d  f o r  r o o t s  s in c e  th e y  a r e  n o t  h o i  low I

2 .  Oxygen a b s o r p t i o n  an d  e lo n g a t i o n  w ere  a lw a y s  

d e te rm in e d  on th e  same s a m p le . The p r o c e s s  o f  t r a n s f e r r i n g  

from  p e t r i  d is h e s  t o  W arburg  f l a s l i s  h a d  l i t t l e  e f f e c t  on 

s u b s e q u e n t e l o n g a t i o n ,  w h erea s  th e  t im e  t a k e n  t o  m easu re  t h e  

l e n g th s  o f  t h e  s e c t i o n s  -  o f  n e c e s s i t y  p e rfo rm e d  a t  a  

te m p e ra tu r e  o f  l e s s  th a n  26^0 -  d id  seem  t o  h ave  some e f f e c t  

on s u b s e q u e n t  oxygen a b s o r p t i o n .  Hence r e s p i r a t o r y  

m easu rem en ts  w ere a lw ay s ta k e n  p r i o r  t o  l e n g th  m e a s u re m e n ts .

3 .  The e x p e r im e n ta l  p e r io d  n e v e r  e x c e e d e d  48 h o u r s .  

D anger o f  b a c t e r i a l  c o n ta m in a t io n  p r e v e n te d  f u r t h e r  e x t e n s io n  

o f  t h i s  p e r i o d .  A l l  48 h o u r  v a lu e s  w ere  ch e ck e d  f o r  

c o n ta m in a t io n  3n th e  m anner o f  Brown a n d  S u t c l i f f e  (1 9 5 0 ) .  

A f t e r  a  r e s p i r a t o r y  m easu rem en t h ad  b een  ta k e n  th e  s e c t i o n s  

w ere rem oved fro m  th e  medium an d  f u r t h e r  r e s u l t s  w ere  

o b ta in e d  f o r  th e  medium a l o n e .  The oxygen a b s o r p t i o n  o f
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t h e  s e c t i o n s  was ta k e n  t o  be t h a t  o f  t h e  o r i g i n a l  t o t a l  

m inus t h a t  o f  t h e  medium a l o n e .  In  a  c a s e  o f  b a d  

c o n ta m in a t io n  t h e  sam ple  was d i s c a r d e d .  However c o n ta m in a t io n  

was n e v e r  fo u n d  u n t i l  a f t e r  a  p e r i o d  o f  36 h o u rs  -  r e a s o n a b le  

p r e c a u t io n s  w ere ta k e n  t o  e n s u re  t h a t  t h i s  was s o .  E ven 

a t  48 h o u rs  c o n ta m in a t io n  was o n ly  e n c o u n te r e d  i n  a  s m a l l  

% o f  th e  s a m p le s . T h is  was f o r t u n a t e  s in c e  Brown a n d  

S u t c l i f f e ’ s m ethod i s  o n ly  an  a p p r o x im a t io n .  M ost o f  th e  

c o n ta m in a t io n  i s  p ro b a b ly  on th e  r o o t  s u r f a c e  a n d  i s  rem oved 

w i th  th e  s e c t i o n s  •

4 .  P r e l im in a r y  e x p e r im e n ts  show ed t h e r e  was no  

a p p r e c ia b l e  change i n  d ia m e te r  o v e r  t h e  e x p e r im e n ta l  p e r i o d .  

L e n g th  ch an g es  w ere ta k e n  t o  be a  v a l i d  e s t im a te  o f  g ro w th . 

E x p re s s io n  o f  r e s u l t s

I t  i s  p ro p o se d  t o  g iv e  th e  r e s u l t s  o f  tw o f a c t o r i a l  

e x p e r im e n ts  i n  f u l l  t o  shov/ th e  g e n e r a l  e x p e r im e n ta l  d e s i g n .  

N e a r ly  a l l  th e  r e s u l t s  w ere  o b ta in e d  fro m  s i m i l a r l y  d e s ig n e d  

e x p e r im e n ts .  T hese  have  b een  lum ped t o g e t h e r  t o  show th e  

e f f e c t  o f  v a r io u s  ad d ed  m e ta b o l i t e s  o r  i n h i b i t o r s .  S in c e  

e v e ry  f a c t o r i a l  e x p e r im e n t in c lu d e d  a t  l e a s t  one s u c r o s e  

c o n t r o l  a n d /o r  o th e r  r e l e v a n t  c o n t r o l s  i t  i s  p o s s i b l e  t o  

s i n g l e  o u t e f f e c t s  by  means o f  t h e  r a t i o s .  T h is  e n t i r e l y  

e l im in a t e s  th e  v a r i a t i o n  due t o  th e  p a r t i c u l a r  b a t c h  o f  

p e a s  em p lo y ed . T h ese  r a t i o s  a r e  p a r t i c u l a r l y  v a l u a b le  f o r  

th e  s i n g l i n g  o u t o f  e f f e c t s  b u t s h o u ld  be u s e d  c a u t i o u s l y  

in  c o n ju n c t io n  w i th  th e  a c t u a l  d a t a .  T h is  i s  p a r t i c u l a r l y
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tra ie  when s e v e r a l  s u b s ta n c e s  a r e  c a u s in g  in d e p e n d e n t o r  

i n t e r a c t i n g  v a r i a t i o n s .

F a c t o r i a l  e :x y erim en t i n  s t i l l  m d i a

T h is  was th e  o n ly  e x p e r im e n t w i t h  u n t i l t e d  d i s h e s .  

The s e c t io n s  w e re , o f  n e c e s s i t y ,  sh a k en  o v e r  th e  2 h o u r 

p e r io d  o f  r e s p i r a t o r y  d e t e r m in a t io n .  C o rre sp o n d in g  le n g th  

and  r e s p i r a t o r y  m easu rem en ts  r e f e r  t o  th e  same s a m p le .

T h is  s e t  o f  r e s u l t s  i l l u s t r a t e s  some i n ^ o r t a n t  

p o in t s  p e c u l i a r  t o  s t i l l  m edia an d  s h o r t  s e c t i o n s .

( a )  2 . 0^  s u c ro s e  i s  th e  medium w h ich  a l lo w s  maximum 

g ro w th . The sam p les  d o u b le d  t h e i r  l e n g th  i n  t h i s  medium 

com pared w i t h  a  much s m a l le r  g ro w th  when no s u c ro s e  was 

p r e s e n t .  The maximum e lo n g a t io n  o f  ’̂ long” s e c t io n s  u n d e r  

th e s e  c o n d i t io n s  was 7 0 ^ .

(b ) G row th  c o n t in u e s  up  t o  24 h o u rs  o r  ( i n  2 ^  s u c ro s e )  

36 h o u r s .  A lth o u g h  g ro w th  c o n t in u e s  f o r  a lo n g e r  p e r io d  in  

th e  h ig h e r  s u c r o s e  c o n c e n t r a t i o n ,  th e  maximum g ro w th  r a t e  i s  

o b ta in e d  o v e r  th e  p e r io d  1 2 -2 4  h o u rs  i n  s u c r o s e . The 

a u x in  e f f e c t  i s  more m arked in  t h i s  m edium.

(c )  W hereas 10“ ^^ in d o l y l  a c e t i c  a c i d  (lAA) i s  a lw ays 

s t i m u l a t o r y  t o  g ro w th , 10**̂  i s  o n ly  m a rk e d ly  i n h i b i t o r y  i f  

s u c ro s e  i s  p r e s e n t  •

(d )  The c o rre s p o n d e n c e  betw een  g ro w th  r a t e ,  r e s p i r a t i o n  

r a t e  an d  a u x in  a c t i o n  i s  o b s c u r e .

( 1 ) g ro w th  a n d  r e s p i r a t i o n  r a t e  c o r re s p o n d e d  in

t h a t  in c r e a s e  i n  l e n g t h  te n d e d  t o  r e s u l t  i n  im m ed ia te
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i n c r e a s e  i n  r e s p i r a t i o n  r a t e  e . g .  r i s e  fro m  th e  i n i t i a l  

v a lu e  d u r in g  th e  1 2 -2 4  h o u r  p e r io d  w i t h  r e s p e c t  t o  b o th  

t h e s e  v a l u e s ,  a n d  a b se n c e  o f  t h i s  r i s e  i f  s u c ro s e  i s  a b s e n t .

( 2 ) r e g a r d in g  a u x in  a c t i o n  t h e r e  was no r e l a t i v e  

c o r re s p o n d e n c e  b e tw een  g ro w th  r a t e  a n d  r e s p i r a t i o n  r a t e .

B o th  c o n c e n t r a t io n s  o f  a u x in  te n d e d  to  be i n h i b i t o r y  t o  

r e s p i r a t i o n ;  w h e rea s  g ro w th  r a t e  was s t i m u la te d  in  10~^^ 

lAA, an d  10**  ̂ h ad  no e f f e c t  o r  was i n h i b i t o r y .

S e v e r a l  m is c e l la n e o u s  p o in t s  can  be n o te d  h e re

( 1 ) s t i l l  m ed ia  a r e  n o t  s a t i s f a c t o r y  f o r  optim um  

g ro w th  -  ev e n  i f  t h e  p r e c a u t io n  o f  n o t  c o m p le te ly  su b m erg in g  

th e  s e c t i o n s  i s  t a k e n .  S e c t io n s  i n  s t i l l  m ed ia  te n d  t o  

become d i s t o r t e d  o r  b e n t ,  a n d  r o o t  h a i r  g ro w th  w h ich  

commences i n  p r o f u s i o n  on th e  a e r a t e d  s id e  i s  a b s e n t  o r  

i r r e g u l a r  on th e  u n a e r a te d  p a r t .

( 2 ) th e  s e c t io n s  a l th o u g h  s t i l l  w h ile  in  th e  p e t r i  

d is h e s  . w ere sh a k e n  d u r in g  th e  p e r io d  o f  r e s p i r a t o r y  

d e t e r m in a t io n .

( 3 ) th e  h ig h e s t  g ro w th  r a t e  -  a l th o u g h  n o t  th e  

maximum l e n g t h  -  i s  o b ta in e d  in  s u c r o s e .

F a c t o r i a l  e x p e r im e n t i n  sh a k en  m ed ia  (T ab lep42  )

In  t h i s  e x p e r im e n t p ro c e d u re  was s i m i l a r  t o  th e  

p r e v io u s  e x p e r im e n t b u t th e  p e t r i  d is h e s  w ere t i l t e d  a t  a 

c o n s ta n t  r a t e  a s  h as  been  d e s c r ib e d .  Sam ples w ere rem oved 

an d  t h e i r  r e s p i r a t i o n  r a t e s  o b ta in e d  a f t e r  th e  e l a p s e  o f

c e r t a i n  t i n e  i n t e r v a l s .  F o r th e  e x p e rim e n t whose r e s u l t s
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a r e  g iv e n  below  i t  was n e c e s s a r y  t o  c u t  an d  s e t  up 45 

o r i g i n a l  sam p les  o f  25  s e c t i o n s  e a c h  i . e .  1125 n e a r  

i d e n t i c a l  p e a  r o o t s  h ad  t o  be g row n . T h is  was fo u n d  t o  

be th e  l a r g e s t  p o s s i b l e  b a tc h  w h ich  c o u ld  be p ro d u c e d  a n d  

h a n d le d  a t  an y  one t im e .  In  g e n e r a l  s m a l l e r  e x p e r im e n ts ,  

o m i t t i n g  c e r t a i n  o f  th e  tim e  i n t e r v a l s  w ere a t t e m p te d .

The r e s u l t s  shown a r e  t y p i c a l  o f  a l a r g e  num ber 

o f  e x p e r im e n ts  an d  ca n  be more f a i r l y  c o n s id e r e d  in  th e  

l i g h t  o f  num erous e x p e r im e n ts  w h ich  w i l l  be g iv e n  l a t e r .

As b e f o r e ,  i n  s u c ro s e  th e  r e s p i r a t i o n  r a t e  i n c r e a s e s  t o  a  

maximum w h ic h  f a l l s  o f f  w i t h  t im e .  T h is  may be l a r g e l y  

a t t r i b u t a b l e  t o  th e  change i n  l e n g th  o f  th e  s e c t i o n s .  

R e s p i r a t i o n  r a t e s  a r e  b a s e d  on a  sam p le  ( i . e .  a  u n i t  s e c t i o n )  

b a s i s  NOT on a  f r e s h  w e ig h t  o r  d ry  w e ig h t b a s i s .

C a lc u l a t i n g  a n  e x p r e s s io n  f o r  r e s p i r a t i o n  r a t e / i n i t  l e n g th  

(by  d iv i d i n g  r e s p i r a t i o n  r a t e  /  sam ple  by th e  a c t u a l  l e n g t h  

o f t h a t  sam ple when i t  i s  rem oved fro m  th e  W arburg  f l a s k )  

y i e l d s  th e  f o l lo w in g  r e s u l t s s -

lAA

\0, 0 s u c ro s e 2^ s u c ro s e 2 ^ s u c ro s e

0 1 0 - '" 1 0 -" 0 l o ” " lO "" 0 i o “ " 1 0 -"
0 h r a . 8 .8 8 ,8 8 .0 1 1 .0 9 .0 9 .0 1 2 .0 8 .0 7 .7

12 h r s . 8 .6 4 .9 6 .5 6 .8 4 .8 - 5 .3 3 .3 5 .2

24 h r s . 5 .1 4 .9 4 .2 7 .1 6 .1 3 .9 1 0 .5 6 .3 5 .0

30 h r s  • 4 .2 4 .1 2 .9 3 .8 5 .3 5 .1 3 .9 5 .0 3 .7

48 h r s . 4 .9 2 .0 2 .4 3 .7 2 .0 1 .1 1 .0 1 .5 2 .0

T h ese  r e s u l t s  show a  g e n e r a l  t r e n d  downwards o f
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r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h  w h e th e r  s u c ro s e  i s  p r e s e n t  

o r  a b s e n t . C o n f irm a t io n  o f  t h i s  w i t h  a  l a r g e  num ber o f  

r e s u l t s  w i l l  be g iv e n  s u b s e q u e n t ly .

The r e s u l t s  a r e  q u i t e  c o m p a tib le  w i th  th e  

i d e n t i f i c a t i o n  o f  th e  e lo n g a t i n g  p h a se  w i th  c e l l - w a l l  

e x t e n s io n  a n d  w a te r  u p ta k e  .  E ach  c e l l  does u n d e r ta k e  

some p r o t e i n  a n d  p r o to p la s m ic  s y n th e s i s  (Brown and  B ro a d b e n t, 

1 9 5 1 ) . T h is  s y n t h e s i s  m ust in v o lv e  th e  e s ta b l i s h m e n t  o f  

some new c e n t r e s  o f  e n z y m a tic  a c t i v i t y  b u t th e  in c r e a s e  in  

c e l l - l e n g t h  p ro c e e d s  a t  a  much more r a p id  r a t e .  In  

co n seq u en c e  r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h  f a l l s  w i th  t im e .  

The r e s p i r a t i o n  r a t e / c e l l  i s  a  f r a c t i o n  o f  th e  r e s p i r a t i o n  

r a t e / s a m p l e ,  s in c e  i n  t h e  s e c t i o n s  u s e d  th e  num ber o f  c e l l s  

re m a in s  c o n s t a n t .  No m e r i s te m a t ic  t i s s u e  i s  in c lu d e d .
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E f f e c t s  o f  S u c ro se

E f f e c t s  have b een  c o n s id e r e d  u n d e r  f o u r  h ead s  : -

( a )  e f f e c t  on a c t u a l  e lo n g a t i o n

(b )  e f f e c t  on a c t u a l  r e s p i r a t i o n  r a t e  /  sam p le  o f  

25  ”s h o r t ” o r  12 ” long'* s e c t i o n s .

( c )  e f f e c t  on g ro w th  r a t e ,  c a l c u l a t e d  as  

e l o n g a t i o n  /  t im e

(d )  e f f e c t  on r e s p i r a t i o n  r a t e  /  u n i t  l e n g th

P o s s ib l e  c o r r e l a t i o n  b e tw een  an y  two o f  th e s e

e f f e c t s  m ust be c o n s id e r e d .

I t  i s  t o  be e m p h a s ise d  t h a t  a l l  th e s e  v a lu e s  show 

a  d e f i n i t e  t r e n d  w i th  t im e ,  an d  e a c h  tim e  l e v e l  m ust be 

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

t o  be m ade. The p r a c t i c e  ( p a r t i c u l a r l y  o f  c e r t a i n  

A m erican  w o rk e rs )  o f  c o m p arin g  i n i t i a l  r e s p i r a t i o n  r a t e s  w i th  

th e  f i n a l  l e n g t h  a f t e r  24 h o u rs  i s  t o  be d e p lo r e d .  The 

tim e  d r i f t s  e n c o u n te r e d  a r e  a s  f o l l o w s : -

( a )  e l o n g a t i o n  t a k e s  p la c e  u n t i l  a  maximum l e n g th  

f o r  th e  p a r t i c u l a r  ad d ed  m e ta b o l i t e  o r  c o m b in a tio n  o f  

m e ta b o l i t e s  i s  r e a c h e d .  Then i t  s la c k e n s  o f f  u n t i l  i t  

f i n a l l y  c e a s e s ,  g iv in g  th e  t y p i c a l  8 - s h a p e d  cu rv e  o f  g ro w th  

a g a i n s t  t i m e .  In  th e  c a se  o f  an  i n h i b i t o r  o f  g ro w th  b e in g  

p r e s e n t ,  t h e  e l o n g a t i o n  w i l l  d e p e n d  on th e  r a t e  o f  

p e n e t r a t i o n  o f  th e  i n h i b i t o r .  In  g e n e r a l  e l o n g a t i o n  w i l l  

ta k e  p la c e  a t  a  d e c r e a s in g  r a t e  u n t i l  th e  c o n c e n t r a t io n  

in s i d e  and  o u t s id e  th e  s e c t i o n  c e l l s  h as  r e a c h e d  an
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e q u i l i b r i u m .  T h is  r a t e  o f  e lo n g a t io n  may be m a in ta in e d ,  

b u t ,  more l i k e l y ,  e l o n g a t i o n  w i l l  so o n  c e a s e ,  f o l lo w in g  

a g a in  an  8 - s h a p e d  c u r v e .  P e n e t r a t i o n  e f f e c t s  a r e  v e r y  

im p o r ta n t  i f  a  t r u e  p i c t u r e  o f  th e  a c t i o n  o f  a n y  s u b s ta n c e  

on p l a n t  t i s s u e  i s  t o  be o b t a in e d .  U n le s s  p e n e t r a t i o n  i s  

im m e d ia te , th e  c u rv e  ( e lo n g a t io n  /  t im e )  fo l lo v /s  th e  tim e  

c o u rs e  o f  th e  s e c t i o n s  in  a b se n c e  o f  t h a t  s u b s ta n c e ;  an d  

a s  th e  c o n c e n t r a t io n  in s id e  th e  s e c t i o n  c e l l s  in c r e a s e s  

g r a d u a l ly  ta k e s  u p  i t s  f i n a l  fo rm  t y p i c a l  o f  th e  c o n c e n t r a t io n  

s t u d i e d .

A t o t a l  l e n g t h  /  t im e  cu rv e  i s  o f  th e  same fo rm  

a s  t h e  n o rm a l 8 - s h a p e d  c u rv e  o f  g ro w th , t a k in g  th e  i n i t i a l  

v a lu e  n o t  a s  th e  o r i g i n  b u t a s  th e  o r i g i n a l  l e n g th  ( f o r  

s h o r t  s e c t i o n s  1 .9 8 3  m m .). T h is  cu rv e  i s  im p o r ta n t  s i n c e ,  

i f  t h e  c u rv e  (b )  ( r e s p i r a t i o n  r a t e  /  sam p le ) i s  d iv id e d  by 

th e  l e n g t h  /  t im e  c u r v e ,  cu rv e  (d )  ( r e s p i r a t i o n  r a t e  /  u n i t  

l e n g th )  i s  o b t a i n e d .

(b ) r e s p i r a t i o n  r a t e  /  sam ple  may show v a r io u s  

d r i f t s  w i th  t im e .  I t  may re m a in  f a i r l y  c o n s t a n t ,  f a l l i n g  

o f f  s l i g h t l y  w i th  tim e  ( a s  i n  g l a s s - d i s t i l l e d  w a t e r ) .

I t  may f a l l  o f f  r e l a t i v e l y  r a p i d l y  t o  th e  new 

l e v e l  s e t  by an  i n h i b i t o r  (a s  i n  a r s e n a t e ,  i o d i a c e t a t e ,  

o r  d i n i t r o - p h e n o l ) .

I t  may r i s e  t o  a  maximum v a l u e ,  fro m  w h ic h  i t  

f a l l s  g e n e r a l l y  t o  below  th e  o r i g i n a l  l e v e l  ( a s  in  

2% o r  5% s u c r o s e ) .
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The 4 th  p o s s i b i l i t y  o f  r i s i n g  t o  a  maximum w h ich  

i s  m a in ta in e d  o v e r  a  48 h o u r  p e r io d  was n e v e r  e n c o u n te re d  in  

o u r  e x p e r im e n ts .  Brown and  S u t c l i f f e  o b ta in e d  t h i s  ty p e  

o f c u rv e  u s in g  Zea an d  G u c u rb ita  r o o t  seg m en ts  in  2% s u c ro s e
ov r

an d  5^ s u c r o s e .  T h is  i s  a  d e v i a t i o n  fro m  my r e s u l t s ,  s in c e  

in  g l a s 3 - d i s t i l l e d  w a te r  a n d  in  1/4^^ s u c ro s e  t h e i r  c u rv e s  

c o r re s p o n d e d  t o  o u r  f i r s t  an d  t h i r d  ty p e s  r e s p e c t i v e l y .

I t  i s  p o s s ib l e  t h a t  t h e i r  h ig h  48 h o u r  v a lu e s  w ere due t o  

b a c t e r i a l  c o n ta m in a t io n .  in  d e a l in g  w i th  h ig h  s u g a r  

c o n c e n t r a t io n s  t h e  g r e a t e s t  c a re  i s  n e c e s s a r y  t o  p re v e n t  

t h i s  o ccu rrin g ; an d  ev e n  t h e i r  m ethod o f  c h e c k in g  th e  

a b s o r p t i o n  o f  th e  medium, a s  h as  b een  p r e v io u s ly  p o in te d  

o u t ,  i s  som ewhat u n s a t i s f a c t o r y .

The t y p i c a l  r i s e  and  f a l l  o f  oxygen a b s o r p t io n  

(o u r  t h i r d  ty p e  c u rv e )  i s  s i m i l a r  to  t h a t  o b se rv e d  by 

S t S f e l t ,  who fo u n d  t h a t  r e s p i r a t i o n  o f  i s o l a t e d  r o o t  t i s s u e  

p la c e d  on an  o rg an  b a s i s  i n c r e a s e d  d u r in g  th e  f i r s t  d a y .

T h is  r i s e  was f o l lo w e d  by  a  f a l l  on th e  s e c o n d . He c a l l e d  

t h i s  th e  "B ran d  P e r io d  o f  Oxygen A b s o rp tio n "  b u t ,  a s  we 

w i l l  show , t h i s  i s  o n ly  i n d i r e c t l y  c o r r e l a t e d  w i t h  th e  

" g ra n d  p e r io d  o f  g ro w th " .

( c )  g ro w th  r a t e  /  tim e  c u rv e s  r e p r e s e n t  c u rv e s  

o f  th e  s lo p e  o f ( a )  c u rv e s  a g a in s t  t im e .

They may rem a in  c o n s ta n t  f o r  a tim e  and  th e n  f a l l  

o f f  ( a s  in  g l a s s - d i s t i l l e d  w a t e r ) .

They may f a l l  r a p i d l y  t o  a  z e ro  v a lu e  (a s  in  

i n h i b i t o r s ) .
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T hey may re m a in  c o n s ta n t  f o r  a  t im e ,  th e n  in c r e a s e  

r a p i d l y  r e a c h in g  a maximum v a lu e  from  w h ich  a f a l l i n g  away 

o c c u rs  ( a s  i n  s u c ro s e  o r  o th e r  m e t a b o l i t e s ) .

(d )  r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h .  S in c e  th e  

r e s p i r a t i o n  r a t e  /  sam p le  g e n e r a l l y  o n ly  in c r e a s e s  o v e r  a  

p e r io d  when l e n g th  i s  i n c r e a s in g  a n d , s in c e  r e s p i r a t i o n  

r a t e  ch an g es  a r e  more th a n  a c c o u n te d  f o r  by th e  change in  

l e n g th ,  r e s p i r a t i o n  r a t e  /  u n i t  l e n g th  f a l l s  o f f  w i th  t im e .

R e s u l ts  o f  th e  s u c ro s e  e f f e c t  w i l l  now be g iv e n

in  f u l l .

A) SHORT SECTK)HS (T a b la  V&o

R e s p i r a t i o n  r a t e  /  sam ple  /  15 m in u te s

DTITIAL
0 s u c ro s e zfo s u c ro s e 2^ s u c ro s e

8 .8 8 .0 1 1 .0 9 .9 1 0 .8 1 2 .0
1 0 .4 1 0 .5 1 2 .5 1 1 .1 1 1 .0 1 1 .0
1 0 .0 1 0 .2 1 1 .0 1 1 .7 9 .0 1 1 .7

8 .8 8 .9 9 .3 1 0 .0 1 2 .0
9 .8 1 0 .9 1 0 .1 1 0 .1

1 5 .0

Mean an d  s t a n d a r d e r r o r
9 . 4 8 ' t o .2 9 10 .96  ±  0 .36 1 1 .5 7  t  0 .5 8

Number o f  i n d iv i d u a l s
(N) 9 16 3

S u c ro se  h as a  s i g n i f i c a n t  e f f e c t  on th e  i n i t i a l  

r e s p i r a t i o n  /  s a m p le . Com paring th e  means o f  no s u c ro s e  

and  s u c ro s e  a  v a lu e  f o r  " t "  s  3 .5 8  i s  o b ta in e d .

"p" i s  n e a r l y  e q u a l  t o  0 .0 0 1 .  O nly t h r e e  r e s u l t s  w ere 

o b ta in e d  f o r  2 /i s u c ro s e  a n d  th e y  do n o t a p p e a r  t o  be 

s i g n i f i c a n t l y  h ig h e r  th a n  s u c r o s e .
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12 HOURS

0 s u c ro s e

8 .9
8.0
8 .7
9 .0

Mean a n d  s t a n d a r d  e r r o r  
8 .6 5  t  0 .2 4  

N . %

24 HOURS 8 .1
1 0 .8  
1 0 .3  
11.2

9 .7  
9 .9  
8 .0

Mean an d  s t a n d a r d  e r r o r  
9 .7 1  -t 0 .5 0  

N. 1

30 HOURS 7 .0

Mean a n d  s t a n d a r d  e r r o r

H .
V

48 HOURS 8 .3
9 .2
7 .0
9 .0  10.2
7 .6
7 .5

Mean an d  s t a n d a r d  e r r o r  

FUhSjj TABIE

0 s u c ro s e

^fo s u c ro s e

1 0 .2
1 5 .5
1 8 .2
1 8 .0
1 5 .0
1 0 .0

1 7 .5 5  -f 0 .9 0  
13

1 2 .7
1 5 .0

1 3 .8 5 + 1 .: 
3

1 2 .7 6 .5
9 .2 5 .0
7 .7 5 .2

1 3 .6 4 .5
9 .3 4 .0

7 .7 7  4  1 .0 7

2% s u c ro s e  

1 2 .0

1 4 .4 5 t  1 .6 5  
6

1 7 .8 1 5 .4 1 3 .9
1 6 .7 1 7 .5 1 4 .4
1 5 .4 1 6 .8
2 1 .0 2 3 .5
1 7 .6 1 9 .0
2 2 .0 1 3 .0

1 2 .5

1 3 .9

4 .3
5 .0

Mean & s t . e r r o r  N " tU4. »
s u c ro s e  

"p" Mean & s t . e r r o r  N
0 h r s . 9 .4 8 ± 0 .2 9 9 3 .5 8  0.001 1 0 .9 6  ± 0 .3 6 16

12 h r s . 8 .6 5 2 0 .2 4 4 1 4 .4 5 f 1 .6 5 6
24 h r s . 9 .7 1 T 0 .5 0 7 1 7 .5 5 7 0 .9 0 13
30 h r a . 7 .0 0 1 1 3 .8 5 t 1 .1 5 2
48 h r s . 8 .4 0 X 0 .4 3 7 7 .7 7 ±  1 .0 7 10
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Ifean e lo n g a t i o n  of " s h o r t "  s e c t i o n s  ( t o t a l  l e n g th  m inus

1 .9 8 3  i- 0 .0 0 5  ram.)

0 s u c ro s e ifo  s u c ro s e
1 h r . 0 .2 9 5 0 .2 8 6
2 h r s . 0 .3 0 0 0 .1 5 8

0 .1 9 6
4 h r s  • 0 .3 6 5 0 .5 4 7

0 .4 4 0
0 .3 5 3
0 .2 9 0
0 .0 5 8
0 .1 7 6
0 .4 0 8
0 .2 5 6

5 h r a . 0 .5 8 0
1 .1 1 7

' 0 .5 6 6
6 h r s . 0 .6 5 3 0 .6 0 3

0 .7 0 8
0 .6 4 0
0 .5 9 8

8 h r s . 0 .6 4 5 0 .8 5 8
9 h r s . 1 .1 1 6

12 h r s . 0 .7 2 4 1 .6 5 1
1 .1 2 7

2 .2 9 1
2 .1 2 7

24 h r s . 0 .8 8 6 1 .5 7 8 2 .5 0 0
0 .7 2 7 2 .2 7 3 2 .2 6 0
1 .1 3 7 2 .1 9 9 2 .5 2 0
1 .1 5 0 2 .4 5 0 3 .0 0 4
0 .8 2 4 ■2.521 3 .2 6 8
1 .0 2 4 1 .5 3 1 2 .4 7 8
1 .1 9 3 2 .6 0 9 1 .9 5 5

48 h r s . 1 .1 1 9 2 .3 7 3 2 .5 9 2
0 .7 8 6 2 .5 2 7 2 .9 7 0
1 .1 8 9 2 .9 5 8 3 .2 2 7
1 .2 0 8 2 .5 3 0 3 .1 3 4
0 .9 2 3 2 .9 5 8 3 .2 1 0
1 .1 1 9 1 .9 0 4 1 .9 9 2
0 .8 6 2 3 .4 5 6 2 .8 8 8

2 .8 4 6 2 .4 6 6
3 .1 0 6
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0 s u c ro s e  
Mean an d  s t a n d a r d  N

2^  s u c ro s e  
Mean an d  s t a n d a r d N

e r r o r e r r o r

0 h r s . 0 .3 0 1 0 .1 8  + 0 .0 2 2

4 h r s . 0 .3 7 1 0 .3 1  i  0 .1 7 8

5 h r s . - 0 .7 5  f  0 .3 2 3

6 h r s . 0 .6 5 1 0 .6 3  2  0 .0 3 4

8 h r s . 0 .6 5 1 0 .8 6 1

9 h r s . 1 .1 2 1

12 h r s , 0 .9 2 2 0 .1 5 2 2 .0 2  f  0 .3 8 3

24 h r s . 0 .9 9 Z 0 .0 5 7 2 .3 6  t  0 .1 3 14

48 h r s . 1 .1 6 ••r 0 .0 9 8 2 .8 9  t  0 .1 0 16

From th e s e  r e s u l t s  th e  fo l lo w in g  c o n c lu s io n s  

Were d ra w n ;-

(a )  th e  p re s e n c e  o f  s u c ro s e  c a u se s  a  h ig h ly  s i g n i f i c a n t  

in c r e a s e  in  g ro w th . E lo n g a t io n  c o n t in u e s  up  to  12 h o u rs  

in  th e  a b se n c e  o f  s u c ro s e  b u t ev en  c o n t in u e s  ( s lo w ly )  o v e r  

th e  2 4 -4 8  h o u r  p e r io d  i f  i t  i s  p r e s e n t .

(b )  r e s p i r a t i o n  r a t e  /  sam ple rem a in s  f a i r l y  c o n s ta n t  in  

th e  a b se n c e  o f  s u c r o s e ;  b u t ,  when i t  i s  p r e s e n t ,  in c r e a s e s  

t o  a  maximum à t  24 h o u rs  an d  th e n  f a l l s  t o  BELOW th e  o r i g i n a l  

v a l u e . ( I t  i s  1 0 .9 6  ^  0 .3 6  o r i g i n a l l y  b u t a t  48 h o u rs

7 .7 7  2  i*07  c.mm. /  15 m in u te s ) .

( c )  a  g ro w th  r a t e  cu rv e  /  tim e  was ta k e n  a s  th e  d i f f e r e n t i a l  

c u rv e  o f  th e  sm oothed  e lo n g a t io n  c u rv e  /  t im e .

From co m p ariso n  o f  th e  r e s p i r a t i o n  r a t e  /  sam ple  /
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t im e  c u rv e  an d  th e  g ro w th  r a t e  /  tim e  c u rv e  i t  can  be 

s e e n  t h e r e  i s  o n ly  a  s u p e r f i c i a l  r e l a t i o n s h i p  b e tw een  th e  

tw o . R e s p i r a t i o n  r a t e  an d  g ro w th  r a t e  b o th  in c r e a s e  w i th  

to m e; b u t ,  w h e rea s  th e  r e s p i r a t o r y  maximum o c c u rs  a t  24 

h o u rs  th e  g ro w th  r a t e  maximum o c c u rs  12 h o u rs  i n  t h e  p re s e n c e  

o f  s u c r o s e .  In  t h e  a b se n c e  o f  s u c ro s e  th e  r e s p i r a t i o n  r a t e  

re m a in s  f a i r l y  c o n s t a n t ,  w h e rea s  th e  g ro w th  r a t e  ( a f t e r  

6 h o u r s )  d e c r e a s e s  r a p i d l y  w i th  t i m e .

The f i n a l  p r e s e n t a t i o n  o f  r e s u l t s  i n  th e  fo rm  o f  

r e s p i r a t i o n  /  u n i t  l e n g t h  c o u ld  be o b ta in e d  in  two ways

(1 )  d i v i s i o n  o f  th e  two g ro s s  c u rv e s  o b ta in e d  t o  

r e p r e s e n t  ( a )  r e s p i r a t i o n  r a t e  /  sam ple  by  th e  c u r v e ,  (b )  

mean l e n g t h  /  u n i t  t im e .

(2 )  d i v i s i o n  o f  th e  a c t u a l  c o r r e s p o n d in g  r e s u l t s  

o b ta in e d  fro m  th e  same sam ple  i n  th e  same e x p e r im e n t .

The se c o n d  c o u rs e  was c o n s id e re d  t o  be more 

a c c u r a te  an d  th e  r e s u l t s  a r e  p r e s e n te d  b e lo w .

0 h o u rs

0 SaCROSE 0 .5 ^  SUCROSE

4 .4 5 .5 5 .1
5 .2 5 .5 5 .4
4 .4 5 .5 7 .8
5 .0 4 .7 5 .5
4 .9 5 .5 5 .9
4 .0 4 .9 5 .3
5 .3 5 .5 4 .5

5 .0 6 .0
5 .1 7 .5 4 .3

5 .0 8 .9
6 .5 7 .0
5 .7
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2 h o u rs

12 h o u rs

24 h o u rs

48 h o u rs

SUCROSE 0.5%  SUCROSE

4 .0 4 .8 5 .5
5 .5 5 .5
5 .7
4 .8  
4 .1  
5 .4

4 .4

3 .9 5 .5 3 .6
4 .1 3 .4 4 .1
3 .2 4 .3 4 .2

5 .2 4 .1
4 .2 4 .4
5 .2
2 .9

3 .1

3 .5 3 .5 5 .8
4 .0 4 .4 4 .3
3 .5 3 .7 4 .2
3 .5 3 .6 3 .3
3 .4 4 .5 3 .5
3 .3 3 .9 3 .4
2 .7 4 .6

2 .5 2 .8
3 .0 2 .1
2 .1 2 .0
2 .8 2 .2
2 .9 2 .0
2 .6 1 .4
2 .6 2 .1

PINAL TABLE OP RESPIRATION /  UNIT LENGTH

0 .5 ^  SOGROSE
0 h o u rs  
2 h o u rs  

12 h o u rs  
24 h o u rs  
48 h o u rs

0 SUCROSE 
4 .7 9  + 0 .1 6

3 .7 3  T- 0 ,2 9  
3 .4 1  % 0 .4 6  
2 .6 4  J  0 .1 1

5 .8 0  f
5 .0 5  
4 .1 7  Z
4 .0 6  j .  
2 .0 9

0 .2 3
0 .1 90.22
0 .1 9
0 .1 5

I t  seem s t h a t  t h e  f o l lo w in g  r e l a t i o n s h i p s  a r e  

e v i d e n t  f o r  s h o r t  s e c t i o n s : -
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(a )  i n  s u c r o a e : -

r e s p i r a t i o n /  mean
sam ple

d a r in g  th e  
p e r io d  

0 -  6 h o u rs  in c r e a s e s

6,-12 h o u rs  in c r e a s e s  
1 2 -2 4  h o u rs  i n c r e a s e s  
2 4 -48  h o u rs  f a l l s  t o

below
o r i g i n a l

(b )  no s u c ro s e

0 -  6 h o u rs  d e c re a s e s

6-12  h o u rs  d e c re a s e s  
1 2 -2 4  h o u rs  d e c r e a s e s  
2 4 -4 8  h o u rs  d e c re a s e s

le n g th
r e s p i r a t i o n /  g ro w th  r a t e  
u n i t  l e n g th

in c r e a s e s  f a l l s

in c r e a s e s  f a l l s  
in c r e a s e s  c o n s ta n t
n e a r l y

c o n s ta n t
f a l l s

rem ain s 
c o n s ta n t  

in c r e a s e s  
f a l l s  
f a l l s  t o  

z e ro

in c r e a s e s  f a l l s

in c r e a s e s  f a l l s  
c o n s ta n t  f a l l s  
c o n s ta n t

rem a in s
c o n s ta n t

f a l l s
f a l l s
f a l l sf a l l s

In  s u c ro s e  th e  r e s p i r a t i o n  r a t e  /  sam ple i s  in c r e a s in g  w h ile  

th e  g ro w th  r a t e  i s  f a l l i n g ,  an d  t h i s  in c r e a s e  can  be more 

th a n  a c c o u n te d  f o r  by  a  change in  l e n g t h .

In  th e  a b se n c e  o f  s u c ro s e  th e  two r a t e s  f a l l  o f f  b u t 

th e  s lo p e  i s  n o t  th e  sam e. I t  seems h e re  t h a t  we have 

l i t t l e  e v id e n c e  t h a t  g ro w th  r a t e  an d  r e s p i r a t i o n  r a t e  a r e  

d i r e c t l y  r e l a t e d .  An in c r e a s e  in  l e n g th  te n d s  t o  c a u se  

in c r e a s e  i n  r e s p i r a t i o n  r a t e  /  sam ple b u t n o t  /  u n i t  l e n g th ,  

i f  s u c ro s e  i s  p r e s e n t ;  and  t h i s  in c r e a s e  i s  d e la y e d  so  t h a t  

g ro w th  r a t e  maxima p re c e d e  r e s p i r a t i o n  r a t e  m axim a. In  th e  

a b se n c e  o f s u c r o s e ,  change in  l e n g th  does n o t  o f  i t s e l f  

p r e v e n t  th e  f a l l i n g  o f f  o f  b o th  r e s p i r a t i o n  r a t e  /  sam ple an d  

r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h .  T h e re fo re  a l e n g th  in c r e a s e  

m ust be acco m p an ied  by th e  p re s e n c e  o f  s u f f i c i e n t  r e s p i r a t o r y  

s u b s t r a t e  t o  have a  m arked in c r e a s in g  pow er o v e r  th e
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r e s p i r a t i o n  r a t e .  I t  i s  t e n t a t i v e l y  s u g g e s te d  t h a t  when 

e lo n g a t io n  t a k e s  p la c e  i t  i s  n o t  accom pan ied  o r  i n i t i a t e d  by 

an y  d e t e c t a b l e  in c r e a s e  in  r e s p i r a t i o n  r a t e : how ever, su c h

e lo n g a t io n  i s  acco m p an ied  by in c r e a s e  in  r e s p i r a t o r y  c e n t r e s .  

In  th e  p re s e n c e  o f  a  s u b s t r a t e  th e s e  may be u t i l i s e d  g iv in g  

a d e t e c t a b l e  i n c r e a s e .  T h is  i s  s u p p o r te d  by th e  f a c t  t h a t  

th e  i n i t i a l  r e s p i r a t i o n  r a t e  i s  h ig h e r  in  s u c ro s e  th a n  in  

g l a s s - d i s t i l l e d  w a te r  -  i . e .  b e fo re  an y  g ro w th  has ta k e n  

p l a c e .  A lso  i t  i s  t o  be n o te d  t h a t  th e  r e s p i r a t i o n  r a t e  /  

u n i t  l e n g th  i s  h ig h e r  in  s u c ro s e  th a n  in  i t s  a b s e n c e .

LONG SECTIONS

R e s p i r a t i o n  r a t e s  an d  change in  l e n g th  was fo llo w e d  

o v e r  th e  i n i t i a l  6 h o u rs  o n ly .  The fo l lo w in g  r e s u l t s  w ere 

o b ta in e d  ( th e s e  a r e  b a s e d  on 5 sam p les o f  1 2 ) .

0 s u c ro s e  0.5%  s u c ro s e

R e s p i r a t i o n  r a t e  /  9 .7  f  0 .7 2  9 .1  ^  1 .4 1  c.mm.
sam ple  o f  12 as  mean “
o v e r  6 h o u r s .

o r i g i n a l  l e n g th  3 .3 9  f  0 .0 5  mm.

P i n a l  l e n g th  a f t e r  4 .0 7  f  0 .3 6  4 .2 9  ^  0 .2 2  mm.
6 h o u r s . "

As c a n  be s e e n  ab o v e , 0.5%  s u c ro s e  h as no e f f e c t  

on th e  i n i t i a l  r e s p i r a t i o n  r a t e  o r  th e  i n i t i a l  g ro w th  r a t e  

o f  th e s e  s e c t i o n s .  S in c e  th e s e  " lo n g "  s e c t io n s  u n d o u b te d ly  

in c lu d e  c e l l s  w h ic h  have p a s s e d  t h e i r  maximum r a t e  o f  

e l o n g a t i o n ,  i t  seem s t h a t  s u c ro s e  i s  l e s s  im p o r ta n t  in  th e  

l a t e  e lo n g a t in g  o r  m a tu r in g  p h a s e s  o f  th e  c e l l .
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LONG SECTIONS

The r e s u l t s  g iv e n  f o r  th e  e f f e c t  o f  s u c ro s e  on 

th e  g ro w th  and  e lo n g a t io n  o f  " lo n g "  s e c t io n s  w ere p a r t  o f  

a  s e r i e s  d e s ig n e d  to  show th e  e f f e c t  o f  a u x in  o v e r  an  

i n i t i a l  6 h o u r p e r i o d .  They a r e  g iv e n  in  f a l l  b e lo w . 

INITIAL RESPIRATION /  SAMPLE /  15 m in u te s

0 s u c ro s e 0.5%  s u c ro s e

0 a u x in 9 .7 0 .7 2 9 . 1 ^  1 .4 1  c .

10-12 lAA 7 .1 0 .4 1  *  . 8 .6  f  1 .5 6

10-11 IÛA 7 .4 ± 0 .7 4  * 8 .8  2  1 .0 2

10-10 U A 8 .5 t 0 .8 1 9 .2  2  1 .5 5

10-0 TM. 8 .9 ± 1 .0 6 8 .6  i  1 .2 6

10-7 lA k 7 .5  4- 0 .5 0

1 0 -5 U A 7 .0 1 1 .8 4

I k k  s i n d o ly l  a c e t i c  a c i d  (n o te c on c e n t r a t  io n s

X s  s i g n i f i c a n t  i n h i b i t i o n  by a u x in .

PINAL MEAN LENGTH AT 6 HOURS

0 s u c ro s e 0 .5 ^  s u c ro s e

0 a u x in 4 .0 7  i  0 .3 6 4 .2 9  £  0 .2 2
10-12 I M 4 .1 0  ±  0 .2 1 4 .5 4  0 .5 5

1 0-1 1 U A 4 .3 0  + 0 .1 1 5 .0 0  f  0 .1 8

10-10 U A 4 .0 6  -4-0 .10 4 .1 1  4̂  0 .4 9

10-9 U A 4 .2 0  ± 0 . 1 0 3 .8 7  ^  0 .2 7

1 0 -” U A 3 .6 0  0 .2 3 X

1 0 -5 U A 3 .5 2  + 0 .0 3 * 3 .5 1  + 0 .1 2 X

XK s  s i g n i f i c a n t  s t i m u la t io n  by a u x in  

X W s i g n i f i c a n t  i n h i b i t i o n  by a u x in
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Even in  a s  s h o r t  a  p e r io d  a s  6 h o u rs  th e  e f f e c t  o f  a u x in  

on g ro w th  can  be f u l l y  r e p r e s e n te d .  I t  i s  s e e n  t h a t  in  

th e  p re s e n c e  o f  s u c ro s e  10“ ’" lAA c a u se s  a s i g n i f i c a n t  

s t i m u l a t i o n  o f  g ro w th , w h ereas  h ig h e r  c o n c e n t r a t io n s  a r e  

d e f i n i t e l y  i n h i b i t o r y .  in  s u c ro s e  t o o ,  i t  c a n  be se e n  

t h a t  a u x in  h as  no  e f f e c t  on th e  i n i t i a l  r e s p i r a t i o n  r a t e .

T h is  i s  c e r t a i n l y  a  d i f f e r e n t  r e s u l t  from  t h a t  o b ta in e d  

w i th  Avena c o l e o p t i l e  segm en ts ( s e e  i n t r o d u c t i o n ) .

W ith  " lo n g "  s e c t io n s  an d  th e  s h o r t  tim e  p e r io d  o f  

6 h o u rs  th e  a u x in  e f f e c t  i s  n o t  f u l l y  r e p r e s e n te d  in  th e  

a b se n c e  o f  s u c r o s e .  S in c e  s u b s t r a t e  i s  l i m i t i n g  th e  g ro w th  

r e a c t i o n s ,  i t  i s  n o t  s u r p r i s i n g  t h a t  i t  i s  n o t  o b ta in e d .

The e f f e c t  h a s  how ever been  o b ta in e d ,  in  th e  a b sen ce  o f  

s u c r o s e ,  u s i n g  lo n g e r  tim e  p e r io d s  an d  s h o r t e r  s e c t i o n s .

A gain  a u x in  h as  no s i g n i f i c a n t  e f f e c t  on th e  r e s p i r a t i o n  

r a t e  o f  t h e s e  s e c t i o n s ,  b u t lo w e s t c o n c e n t r a t io n s  a re  

i n h i b i t o r y  t o  th e  o r d e r  o f  20%. I t  i s  n o te d  t h a t  e r r o r s  

a r e  h ig h  -  e s p e c i a l l y  in  th e  p re s e n c e  o f  s u c ro s e  an d  may 

be due t o : -

( a )  th e  v a r i a t i o n  in  u n i f o r m i ty  betw een  th e  f i v e  

d i f f e r e n t  b a tc h e s  o f  s e e d l in g s  u s e d .

(b ) v a r i a b i l i t y  o f  " lo n g "  s e c t io n s  w h ich  a r e  n o t 

c o m p le te ly  u n ifo rm  o v e r  t h e i r  l e n g th .

(c )  th e  l i m i t  o f  a c c u ra c y  o f th e  W arburg m an o m eters . 

I t  i s  n o t p o s s i b l e  t o  r e a d  th e s e  t o  more th a n  one p la c e  o f  

d e c im a ls  -  hence  ch an g es  o f  th e  o rd e r  o f  5% w ould  rem a in
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u n d e t e c t e d .

(d ) h ig h  e r r o r s  in  s u c ro s e  may be due to  

d i f f e r e n t i a l  r e s p o n s e s  o f th e  d i f f e r e n t  b a tc h e s  o f s e e d l in g s ,  

th e  i n i t i a l  s u g a r  c o n te n t  o f w h ich  may be s l i g h t l y  d i f f e r e n t .

T hese e f f e c t s  a r e  n o t e x c lu s iv e  to  i n d o ly l  a c e t i c  

a c i d .  U s in g  th e  more s t a b l e  s u b s ta n c e  2 .4  d ic h lo ro p h e n o x y -  

a c e t i c  a c i d ,  th e  fo l lo w in g  r e s u l t s  a r e  o b t a in e d : -

0 s u c ro s e  0.5%  s u c ro s e

»

R e s p i r a t i o n  r a te / s a m p le  

0 a u x in  8 .1  +  0 .9 2  8 .6  f  1 .2 5

1 0 " ^ ^ 2 .4 .D  9 .5  ±  0 .8 5  8 .3  + 1 .5 4

1 0 - ^ 9 2 .4 .D 8 .8  t, 1 .5 0  9 .4  r  0 .8 6

10“9 2 .4 .D  8 .4  2  0 .9 9  7 .0  2  0 .8 9

10“ 5 2 .4 .D  6 .9  2  0 .2 6  4 .7  1 .4 3

Mean l e n g t h

0 a u x in  4 .0 7  0 .3 6  4 .2 9  ^  0 .2 2

1 0 " ^ ^ 2 .4 .D  4 .0 9  ±  0 .4 7  5 .6 6  -4- 0 .1 1

10“ - ° 2 .4 .D  4 .0 1  2  0 .3 1  3 .7 2  2  0 .0 4

10"^ 2 .4 .D  3 . 7 6 + 0 . 3 3
»

10“ 5 2 .4 .D  3 .5 9  ±  0 .0 5  3 .3 5  +  0 .0 1
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SHORT SECTIONS
Typical experiments on the growth and respiration 

rates of short sections have been previously represented. 
Pooling all results on this topic the following is 
obtained:-

toXo\
Effect of auxin on\elongation (means of samples of 25)
NO SUCROSE a

Control 10"--^IiU lO’̂ ^IAA
Rat io/control Ratio/control

12 hrs . 2.31 2.46 1.07 -

2.72 3.06 1.13 2.78 1.02
3.12 - 2.75 0.88

24 hrs. 2.89 2 2
- 2.73 2.99 1.09 -

3.14 3.52 1.12 3.32 1.06
3.15 2 2;68 . 0.86
2.82 3.28 1.16 -
3.02 - 2.94 0.98
3.19 2 3.15 0.99
2.41 2.84 1.18 -

30 hrs . 3,21 3.10 0.96
48 hrs. 3.32 » .

2.79 2.97 1.07 —

3.39 3.40 . 1.01 3.44 1.01
3.21 - 2.65 0.82
2.92 3.19 1.10 -

3.12 - 2
3.55 - . 2.87 0.81
2.86 - -
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0.5% SUCROSE
Control

12 hours

24 hours

48 hours

Ratio/
control

-810 LAA
Hat io/ 
control

3.65 4.48 1.29 —

4.29 4.24 0.99 3.64 0.844.13 — 2.77 0.67
4.50
4.26 5.57 1.31 —

6.57 5.93 0.91 5.31
4.52 ■» —

5.00 - » .

5.27 - —
4.48 5.80 1.30 -

3.96 - -

4.61 5.08 1.10 -

3.53 4.46 1.26 -

4.45 - -

4.52 - -
4.20 - 3.36 0.80
4.27 - 4.20 0.98
3.58 4.38 1.23 2.85 0.80
4.37 5.59 1.23 »

4.53 7.41 1.63 5.38 1.19
5.00 5.32 1.06 -
5.53 4.50 0.81
4.95 6.03 1.22 -
3.90 4.23 1.08 —
5.46 5.41 1.00 -
4.84 - 2.76 0.58
4.59 - 4.13 0.90
4.97 -

5.25 -

5.13 -

5.21 -
3.99 -
4.89 -
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INPI'IilL RESPIRATION RATE 
0 SUCROSE Control 10“^^IAA

0.5% SUCROSE

Rat io/ 
control

lO~SlAA
Ratio/
control

8.8 8.8 1.0 8.0 0.91
10.4 - 11.5 1.11
8.8 8.8 1.0 —

10.0 11.0 1.1 11.3 1.13
9.8 8.7 0.89 -

8.0 - 8.0 1.00
10.5 10.0 0.95 10.5 1.0010.2 10.3 1.01 10.0 0.98
8.9 — —

11.0 9.0 0.82 9.0 0.82
12.5 - 11.9 0.95
11.0 9.0 0.82 -

9.3 10.5 1.13 11.1 1.19
10.9 9.0 0.82 8.9 0.82
9.9 9.6 0.97 9.3 0.94

11.1 10.9 0.98 10.6 0.95
10.0 10.0 1.00 10.0 1.00
10.1 - 7.5 0.74
10.8 10.0 0.93 -

11.7 - 8.5 0.55
11.0 - 11.0 0.85
9.0 9.7 1.03 10.5 0.95

12.0 12.0 1.00
10.1 - 10.2 1.01
15.0 14.5 0.97 12.0 0.80
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. 1 -8NO SUCROSE Control 10 LAA 10 lAA
Ratios/ Ratios/
control control

12 hours 8.9 9.0 1.02 7.6 0.87
8.0 - 7.6 0.95
8.7 11.0 1.26 8.0 0.92
9.0 9.8 1.09 6.7 0.74

24 hours 8.1 8.5 1.05 6.9 0.85
10.8 - 10.9 1.01
10.3 11.2 1.09 10.0
11.2 11.3 1.01 10.0 0.89
9.7 10.8 1.11 . -

9.9 9.5 0.96
8.0 -

30 hours 7.0 7.1 1.02 5.0 0.72
48 hours 8.3 3.4 0.48 4.0 0.48

9.2 3.2 0.35
7.0 4.7 0.67 -

9.0 8.0 0.89
10.2 7.8 0.77 10.0 0.98
7.6 -

7.5 1.5 0.20
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RESPIRATION RATES / SAIÆPIE 

0.5% SUCROSE

12 Hours

24 hours

30 hours 

48 hours

Control
Rat i o /  
control

—810 lAA
Ratio/
Control

10.2 14.5 1.42 13.0
15.5 - 1.06 13.0 0.8418.2 19.2 1.06 17.7 0.97
18.0 18.1 1.02 17.0 0.94
15.0 17.8 1.19 —  •
10.0 11.0 1.10 -

17.8 19.7 1.11 10.3 0.58
16.7 - 13.0 0.88
15.4 20.4 1.30 -

1.0 23.7 1.13 18.4 0.87
17.6 - 17.5 0.99
2 2 .0 27.5 1.25 19.3 0.87
15.4 - -

17.5 —

16.8 18.0 1.07 -

23.5 25.5 1.09 2 0 .0 0.85
19.0 — -

13.0 - -

12.5 14.5 1.17 -

12.7 16.0 1.26 13.4 1.06
15.0 16.4 1.10 12.0 0.80
12.7 7.2 0.57 3.0 0.23
9.2 — 6.0 0.65
7.7 12.5 1 .6 6 -

13.6 6.5 0.62 10.7 0 .8 8
9.3 11.6 1.24 6.5 0.70
6.5 -

5.0 - -
5.2 6 .0 1.16 8.0 1.40
4.5 5.5 1.22 -

4.0 6.5 1.63 -
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ow ing t o  t h e  v a r i a b i l i t y  o f  b a tc h e s  th e  e f f e c t  o f  a u x in  was 

b e s t  i l l u s t r a t e d  by t a k in g  r a t i o s  o f  a u x in  t r e a t e d  /  c o n t r o l .  

C o n s id e r in g  e l o n g a t i o n  r a t i o s ,  i n  th e  a b s e n c e  o f  s u c r o s e ,  

i t  i s  s e e n  t h a t :
—11

( a )  10 lAA s t i m u la t e s  to  t lB  e x t e n t  o f  10-20% 

in  24 h o u rs  b u t t h i s  s t i m u l a t i o n  f a l l s  o f f  w i th  t im e .

Hence th e  e f f e c t  o f  a u x in  h e re  i s  r e a l l y  on th e  g ro w th  r a t e ,  

an d  t h i s  s t i m u l â t  io n  f a l l s  o f f  so  t h a t  w i th  an  in c r e a s e d  

t im e - p e r io d  th e  t o t a l  l e n g t h  o f th e  c o n t r o l  may become 

e q u a l  w i th  t h a t  o f  th e  s t i m u la t e d  s a m p le .
«•Q

(b )  10~ lAA may be s t i m u l a t o r y  t o  th e  e x t e n t  o f  

10-14%  o r  may have no e f f e c t .

in  th e  p re s e n c e  o f  s u c r o s e : -

( a )  10“ ^^ s t i m u l a t e s  t o  th e  e x t e n t  o f  

a p p ro x im a te ly  25% an d  t h i s  s t i m u la t i o n  i s  n o rm a lly  m a in ta in e d  

w i th  t i m e . Hence th e  in c r e a s e d  g ro w th  r a t e  due to  a u x in  

can  be c o n t in u e d  o v e r  a  48 h o u r  p e r io d  i f  s u c ro s e  i s  p r e s e n t .  

T h is  a g r e e s  v e r y  w e l l  w i th  th e  r e s u l t s  f o r  Avena c o l e o p t i l o  

seg m en ts  o b ta in e d  by S c h n e id e r  (1 9 3 8 ) , who fo u n d  t h a t  

e l o n g a t i o n  was d ep e n d en t on a  s u f f i c i e n t  s u p p ly  o f  b o th  

a u x in  an d  s u c r o s e .

(b ) 10~^IAA c a u se s  a  d e f i n i t e  20% i n h i b i t i o n  

w h ic h  i s  a g a in  m a in ta in e d .  The a c t i o n  o f s u c ro s e  h e re  i s  

on th e  g ro w th  r a t e  o f  th e  c o n t r o l ,  w h ich  can be m a in ta in e d  

a t  a  h ig h  l e v e l .

W ith  r e s p e c t  t o  r e s p i r a t i o n  r a t e  r a t i o s  -  t h e r e  i s  no
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s i g n i f i c a n t  i n i t i a l  e f f e c t  o f  a u x in  on r e s p i r a t i o n ,  u n le s s  

b o th  s u c ro s e  an d  10“ IAÂ i s  p r e s e n t  when i t  i s  i n h i b i t o r y .  

The f o l lo w in g  t a b l e  g iv in g  th e  " t "  v a lu e s  o b ta in e d  In  

co m p arin g  th e  r a t i o  means w i th  th e  c o n t r o l  (mean r  l .O O ) , 

makes t h i s  c l e a r e r

0 SUCROSE 

0 a u x in -810 lAA
Mean ^  
s t a n d a r d  
e r r o r  
" t "

"p"

1.00
0 .3 0  

0 .7 - 0 .8

0 .9 9  4- 0 .0 3  1 .0 3 J-0 .0 4
0 .7 4

0 .5 —0 • 6

n

Mean an d  
s t a n d a r d  
e r r o r

”p«

n

0.5%  SUCROSE 

0 a u x in

1 .4 2  
0 .2-0.1

16

0 .9 6 + 0 .0 3

I I

2 .3 0
0 .0 5

0 .9 2 + 0 .0 4

12
To e s t a b l i s h  th e  r e l a t i o n s h i p  betw een  r e s p i r a t i o n  

r a t e  an d  l e n g th  r a t i o s ,  th e  g rap lis  a r e  in v a lu a b le  in  show ing  

th e  m ain  t r e n d s .  T h ere  ; seems t o  be some c o r r e l a t i o n  

b e tw een  th e  a u x in  e f f e c t  on change in  l e n g th  an d  i t s  e f f e c t  

on r e s p i r a t i o n  r a t e s ,  e x c e p t  a t  th e  f i n a l  i n t e r v a l ,  48 

h o u rs  in  th e  a b se n c e  o f s u c r o s e .  p a i r i n g  c o r r e s p o n d in g  

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

c o e f f i c i e n t  can  be o b ta in e d .  U s in g  th e  r a t i o s  m en tio n e d  

above (n o te  f o r  g ro w th  e x p r e s s io n  l e n g th  n o t  e lo n g a t io n
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r a t i o s  w ere  u s e d )  a c o r r e l a t i o n  c o e f f i c i e n t  o f  r  r  0 .8 0 9 8  

was fo u n d , o m i t t in g  th e  p u z z l in g  48 h o u r  r e s u l t s .  S in ce  

N -1 -  2 6 , an d  h en ce  P s  0 .0 0 1 , t h e r e  i s  h ig h ly  s i g n i f i c a n t  

c o r r e l a t i o n  b e tw een  th e  a u x in  e f f e c t  on th e  change in  l e n g th  

o f  th e  s e c t i o n  an d  t l i a t  on change in  r e s p i r a t i o n .  By u s in g  

r a t i o s  we h ave  l a r g e l y  e l im in a te d  th e  tim e  e f f e c t .

The s c a t t e r  d iag ra m s p l o t t i n g  g ro w th  r a t i o s  a s  

a b s c i s s a  a n d  r e s p i r a t i o n  r a t i o s  as  o r d in a te  a r e  i n t e r p r e t a b l e  

a s  f o l lo w s

(a )  ad d ed  a u x in  in  an  o p t im a l  c o n c e n t r a t io n  o f  

lO^^^IAA c a u s e s  a  s im u lta n e o u s  in c r e a s e  in  g ro w th  r a t e  an d  

r e s p i r a t i o n  r a t e  /  sam ple  o v e r  and above th e  n o rm a l d r i f t s  

o f  t h e s e  v a l u e s .  T h is  i s  r e p r e s e n te d  on th e  s c a t t e r  

d ia g ra m  in  t h a t  b o th  th e  r a t i o s  t e n d  to  be s im u l ta n e o u s ly  

g r e a t e r  th a n  1 .0 0 .

(b )  when a u x in  h as  no  e f f e c t  ( a s  in  10"^IA â in  

th e  a b s e n c e  o f  s u c r o s e ) ,  th e  s c a t t e r  p o in t s  a r e  c o n c e n t r a te d  

on th e  p o in t  ( 1 . 1 ) .

( c )  when a u x in  i s  i n h i b i t o r y  t o  b o th  g ro w th  a n d  

r e s p i r a t i o n  b o th  r a t i o s  a r e  l e s s  th a n  1 .0 0 .

The s c a t t e r  shows l i n e a r  r e g r e s s i o n  w i t h  b o th  

r e g r e s s i o n  l i n e s  o f  p o s i t i v e  s l o p e .  S in c e  a u x in  does n o t  

a l t e r  th e  fo rm  o f  g ro w th  r a t e  an d  r e s p i r a t i o n  r a t e  /  sa m p le , 

b u t s im p ly  in c r e a s e s  o r  d e c r e a s e s  th e  maximum r a t e s  th e  same 

t h e s i s  a s  h a s  been  p u t  fo rw a rd  f o r  th e s e  p ro c e s s e s  in  th e
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a b s e n c e  o f  ad d e d  a u x in  can  be h e l d .  I t  m ust be em p h a s ised  

t h a t  th e  maximum f o r  g ro w th  r a t e  p re c e d e s  t h a t  f o r  

r e s p i r a t i o n  r a t e  /  s a m p le . I f  we a r e  t o  a c c e p t  Went * s 

t e n e t  t h a t  w i th o u t  a u x in  no g ro w th  i s  p o s s i b l e ,  th e  g ro w th  

r a t e  c u rv e  o f  th e  c o n t r o l  i s  an  a u x in  in d u c e d  c u r v e ,

The maximum f o r  g ro w th  r a t e  ( a t  12 h o u rs  in  0.5%  s u c ro s e )  

may be i n c r e a s e d  by 10~^^IAA o r  d e c re a s e d  by 10"®IAA.

The r e s p i r a t i o n  r a t e  /  sam ple  may a l s o  be in c r e a s e d  o r  

d e c r e a s e d  by a u x in ;  b u t o c c u rs  n o t  a t  12 h o u rs  b u t a t  

24  h o u r s . Hence i t  seem s t h a t  th e  a u x in  e f f e c t  on g ro w th  

p r e c e d e s t h a t  i n  r e s p i r a t i o n .

G row th  i s  n o t  c a u s e d  by an  in c r e a s e  in  

r e s p i r a t i o n  (a s  th e  A m erican  w o rk e rs  b e l ie v e  t o  be th e  

c a se  f o r  Avena c o le  o p t i l e  t i s s u e )  b u t WHEN GROWTH HAS TAEEN 

PLACE r e s p i r a t i o n  may be in c r e a s e d  by v i r t u e  o f  th e  in c r e a s e  

in  l e n g t h .

T h is  i s  f u r t h e r  s u b s t a n t i a t e d  by th e  f a c t  t h a t  

a u x in  h a s  no  i n i t i a l  e f f e c t  on r e s p i r a t i o n  (e x c e p t  in
Q

10 p lu s  s u c r o s e )  when th e  le n g th s  o f  th e  s e c t i o n s  ai?e th e  

sam e.

I t  i s  t o  be c o n c lu d e d  t h a t  a u x in  h as  no  b a s ic  

e f f e c t  on th e  r e s p i r a t i o n  r a t e •

(1 )  I t  c e r t a i n l y  h a s  no  s t i m u l a t o r y  e f f e c t

I n i t i a l l y .

(2 )  I t s  e f f e c t  a t  12 o r  24 h o u rs  i s  p a r a l l e l e d  

by i t s  s t i m u l a t i o n  o r  i n h i b i t i o n  o f  th e  g ro w th  r a t e  o f  th e
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s e c t io n s *  S in c e  r e s p i r a t i o n  r a t e  /  u n i t  l e n g th  f a l l s  

w i t h  t im e ,  i r r e s p e c t i v e  o f  th e  p r e s e n c e  o r  a b se n c e  o f 

ad d e d  a u x in  i t  seem s t h a t  th e  p r im a ry  e f f e c t  i s  on th e  

change in  l e n g t h  w h ic h  m ay, i n  t u r n ,  be r e f l e c t e d  on th e  

r e s p i r a t i o n  r a t e  /  s a m p le . The e f f e c t  may be s u f f i c i e n t l y  

g r e a t  t o  p r e v e n t ,  t o  some e x t e n t ,  th e  n o rm a l f a l l  away o f  

r e s p i r a t i o n  r a t e  /  u n i t  l e n g th  ( s e e  12 -  24 h o u rs  in  

0 .5%  s u c r o s e ) .

AlJXœ HAS NO EFFECT ON THE RESPIRATION OF 

THIS TISSUE WHICH CANNOT BE PÜLLY ACCOUNTED FOR BY 

LENGTH CHANGES.



EEFEOT OF ARSENiVTE



69

E f f e c t  o f  a r s e n a t e

Many r e s e a r c h  w o rk e rs  ( s e e  i n t r o d u c t i o n )  have 

fo u n d  a u x in  c a u s e s  an  i n i t i a l  in c r e a s e  o f  th e  r e s p i r a t i o n  

o f  Avena t i s s u e  o f  th e  o r d e r  o f  25-30% . T h is  s t i m u l a t i o n  

was e n t i r e l y  rem oved in  th e  p re s e n c e  o f  a r s e n a t e  i o n s .

Hence a r s e n a t e  i s  r e g a r d e d  by B onner (1950) a s  a  s e l e c t i v e  

i n h i b i t o r  o f  a u x in  a c t i o n  -  s in c e  i t  i n h i b i t s  o n ly  t h i s  

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

w hole o f  g ro v /th . (A t a p p ro x im a te ly  100 mg. /  l i t r e ) .

We h ave n o t  fo u n d  a u x in  a c t i o n  in  g ro w th  t o  be 

acco m p an ied  by  a n y  i n i t i a l  r e s p i r a t o r y  r i s e  in  r o o t  s e c t i o n  

m a t e r i a l  BUT a u x in  s t i l l  h a s  an  a c t i o n  on g ro w th  s i m i l a r  

t o  t h a t  o b s e rv e d  in  Avena s e c t i o n s .  I t  was th o u g h t t h a t  

some l i g h t  may be th ro w n  on th e  d i f f e r e n c e s  in  re s p o n s e  in  

s te m  a n d  r o o t  t i s s u e  by th e  u s e  o f  a r s e n a t e  a s  an  i n h i b i t o r .

I t  s h o u ld  be n o te d  t h a t  B onner o b ta in e d  r e s p i r a t i o n  

r a t e s  f o r  th e  p e r io d  2 -3  h o u rs  a f t e r  c u t t i n g ,  w h ereas  he 

o b ta in e d  a  m easu re  o f  g ro w th  by m e a su rin g  th e  s e c t io n s  a f t e r  

24 h o u r s . T h is  i s  a  v e r y  u n w ise  p ro c e d u re

' ( a )  a s  w i l l  be shown l a t e r ,  a r s e n a t e  p e n e t r a t i o n  

i s  n o t  im m ed ia te  a n d  h en ce  th e  r e s p i r a t i o n  r a t e s  m easu red  may 

c o r r e s p o n d  t o  a  s t a t e  o f  in c o m p le te  p e n e t r a t i o n  -  th e  

c o n c e n t r a t io n s  i n s i d e  a n d  o u t s id e  th e  c e l l s  n o t  h a v in g  

re a c h e d  an  e q u i l i b r iu m  s t a t e .  - The le n g th s  on th e  o th e r  

hand  w i l l  c o r r e s p o n d  t o  c e l l s  w h ich  have u n d e rg o n e  t h i s  

i n i t i a l  p e r io d  o f  a  few  h o u rs  p lu s  a  much lo n g e r  p e r io d  when
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t h e r e  b as  been  c o n f l a t e  p e n e t r a t i o n .

(b )  i t  i s  u n l i k e l y  t h a t  th e  g ro w th  r a t e  w i l l  

re m a in  c o n s ta n t  o v e r  a  24 h o u r  p e r i o d .  A lso  i f  i t  can 

be assum ed  t h a t  th e  r e s p i r a t i o n  r a t e  o f  Avena s e c t i o n s  

f o l lo w s  a s i m i l a r  tim e  c o u rs e  a s  do r o o t  s e c t i o n s ,  th e  

r e s p i r a t i o n  r a t e  i s  n o t  c o n s ta n t  o v e r  t h i s  p e r i o d .

From h i s  r e s u l t s  B onner d ed u ced  t h a t  r e s p i r a t i o n  

a n d  g ro v /th  a r e  c o r r e l a t e d  in  th e  fo l lo w in g  w ay,

(1 )  no  g ro w th  ta k e s  p la c e  i n  th e  a b s e n c e  o f  

a d d e d  ( o r  n a t u r a l )  a u x in .  10“ ^ in d o ly l  a c e t i c  a c i d  

c a u s e s  a  s t i m u l a t i o n  o f  th e  n o rm a l r e s p i r a t i o n  o f  25-30% 

an d  in d u c e s  t h e  g ro v /th  o f  th e  s e c t i o n s .

(2 )  a r s e n a t e  io n s  rem ove th e  25-30% s t i m u l a t i o n  

by a u x in  an d  i n h i b i t  th e  a u x in  in d u c e d  g ro v /th .

(3 )  B onner b e l i e v e s  t h a t  g ro w th  i s  c o n t r o l l e d  

by th e  25-30%  r e s p i r a t i o n  w h ich  i s  rem oved in  th e  p r e s e n c e  

o f  a r s e n a t e .

Now a c c o r d in g  t o  Needham an d  P i l l a i  (1937) 

a r s e n a t e  p r e v e n t s  th e  a c c u m u la t io n  o f  p h o s p h o r ic  e s t e r s  o f  

g lu c o s e  d u r in g  f e r m e n ta t io n  o f  t h i s  c a rb o h y d ra te  by y e a s t .  

W ith o u t a r s e n a t e  th e  breakdow n o f  h e x o s e -d ip h o s p h a te  i s  

s lo w . Two p o s s i b l e  m echanism s o f  a r s e n a t e  a c t i o n  have been  

s u g g e s te d .

( a )  t h a t  o f  H arden a n d  Young t h a t  a r s e n a t e  

a c t i v a t e s  a  h e x o s e - d ip h o s p h a te - p h o s p h a ta s e  w i t h  th e  

c o n t in u o u s  f o r m a t io n  o f  f r e e  p h o s p h o r ic  a c i d .  As has been
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p o in te d  by P e t t  a n d  Wynne p h o e p b a ta s e s  a r e  n o rm a lly  

i n h i b i t e d  by a r s e n a t e ,  b u t t h e r e  i s  an  e x c e p t io n  t o  t h i s  

i n  th e  fo rm  o f  a d e n y l- p h o s p h a ta s e  (M eyerhof and  K i e s s l i n g ,  

1 9 3 6 )•

(b )  th e  l a s t  f a c t  b r in g s  u s  t o  th e  th e o r y  o f  

Y^arburg an d  C h r i s t i a n  (1939) t h a t  a r s e n a t e  fo rm s an  

in t e r m e d ia te  compound w i th  3 - p h o s p h o g ly c e r ic  a ld e h y d e .

T h is  compound l - a r s e n o  3 -p h o s p h o g ly c e ra ld e h y d e  im m e d ia te ly  

fo rm s th e  g l y c e r i c  a c i d  d e r i v a t i v e ,  w h ich  i s  v e r y  u n s t a b l e  

a n d  b re a k s  down i n  aq u eo u s  s o l u t i o n  g iv in g  3 -p h o s p h o g ly e e r ie  

a c i d .  N o rm a lly  3 - p h o s p h o g ly c e r ic  a c id  i s  o n ly  fo rm ed  

by a  c o u p l in g  r e a c t i o n  b e tw een  1 3 - d ip h o s p h o g ly c e r ic  a c id  

an d  th e  A d en o sin e  -  d ip h o s p h a te  (ADP) /  A denosine 

t r i p h o s p h a t e  (A TP.) m echan ism .

1 3 - d ip h o s p h o g ly c e r ic  a c id  does n o t  u n d e rg o  

s p o n ta n e o u s  d e c o m p o s it io n  in  s o l u t i o n  u n l ik e  th e  compound, 

l - a r s e n o  3 - p h o s p h o g ly c e r ic  a c i d .  T h e re fo re  in  th e  a b se n c e  

o f  a r s e n a t e  th e  ADP$=^ATP m echanism  i s  e s s e n t i a l  f o r  th e  

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

o c c u rs  th e  c e l l s  become d e p le te d  o f  ATP s in c e  i t  i s  so o n  

^ - d e p h o s p h o r y l a t e d  in  th e  r e v e r s e  ATP-^ADP r e a c t i o n .

I f  a  s u p p ly  o f  ATP i s  an  e s s e n t i a l  e n e rg y  s o u rc e  f o r  g ro w th , 

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

F o r a  tim e  a t  l e a s t  th e  s u p p ly  o f  3 -p h o s p h o g ly c e r ic  a c i d  

rem a in s  n o rm a l an d  r e s p i r a t i o n  can  c o n t in u e  u n h in d e re d .
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R e s u l ts  w i th  a r s e n a t e

U s in g  th e  te c h n iq u e  p r e v io u s ly  d e s c r ib e d ,  th e

f o l lo w in g  r e s u l t s  w ere o b ta in e d  u s in g  n e u t r a l  s o lu t i o n s

c o n ta in in g  d i s odium  h y d ro g en  a r s e n a t e .

0.5%  SÜCROSE -  no a u x in .  ’’iH iriA L " RESPIRATION RATE
(3 -5  h o u r  p e rio d ,)

C o n tro l -510 a r s e n a t e 10” % 10” %

1 0 .5 1 0 .2
1 5 .5 8 .5 1 1 .0 9 .5

1 1 .0
1 0 .8 -
1 1 .0 1 1 .0 7 ,5
1 7 .9 1 3 .9 - -

1 0 .0 1 2 .0 1 1 .6 -

1 3 .3 1 4 .4 9 .7 8 .5
8 .5 1 0 .0
7 .5 1 0 .0

1 3 .0 - 9 .0 6 .4
1 1 .7 - 8 .6 -
1 1 .3  

R a t io s  t o c o n t r o l

7 .5

0 .9 7 0 .7 1 0 .6 0
0 .5 5 0 .6 8 0 .6 4
1 .0 2 1 .1 6 0 .4 9
1 .0 0
0 .7 8
1 .2 0
1 .0 9
1 .1 8
1 .3 3

0 .7 3
0 .6 9
0 .7 4

0 .6 7

TOTAL- 9 .1 2 4 .1 1 2 .4 0
Mean t :6 i Ô .68 Ô.éÔ

W hile  i t  i s  n o t  p o s s i b l e  t o  d e m o n s tra te  in  

t h i s  t i s s u e  t h a t  th e  r e s p i r a t i o n  r a t e  i s  i n i t i a l l y  changed  

by 10'“ ^M ao d lam  a r s e n a t e ,  h ig h e r  c o n c e n t r a t io n s  have a  

h ig h ly  s i g n i f i c a n t  e f f e c t .  As th e  g ra p h s  show th e  

r e s p i r a t i o n  o f  s e c t io n s  em ersed  in  a r s e n a te  i s  i n i t i a l l y  

th e  same a s  i n  th e  s u c ro s e  c o n t r o l  b u t f a l l s  r a p i d l y  in
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i n h i b i t o r y  c o n c e n t r a t i o n s  r e a c h in g  a  new l e v e l .  T h is  new 

l e v e l ,  w h ic h  was e s t a b l i s h e d  a f t e r  a p e r io d  o f  a p p ro x im a te ly  

3 h o u r s ,  was ta k e n  t o  be " i n i t i a l  r e s p i r a t i o n  r a t e "  o f  

th e s e  s e c t i o n s .  In  v iew  o f  th e  v a r i a b l e  t im e  o f  p e n e t r a t i o n  

o f  th e  lo v /e s t c o n c e n t r a t i o n  u s e d  i t  was e x t r e m e ly  d i f f i c u l t  

t o  o b t a i n  an y  c o n s is te in t  r e s u l t s ,  h en ce  th e  same p e r io d  

( 3 - 5  h o u rs  a f t e r  c u t t i n g  an d  t r e a tm e n t )  was ta k e n  a s  

r e p r e s e n t a t i v e .

B o n n er (1950) f a i l e d  t o  f i n d  a n y  e f f e c t  o f  

a r s e n a t e  on th e  r e s p i r a t i o n  o f  Avena s e c t io n s  i n  th e  a b s e n c e  

o f  a u x i n .  He u s e d  a  c o n c e n t r a t i o n  ra n g e  o f  10*“̂ -1 0 “ % .

H is p ro c e d u re  d i f f e r e d  fro m  o u rs  in  s e v e r a l  im p o r ta n t  

r e s p e c t s

(A) th e  Avena s e c t i o n s  w ere  grown in  2% s u c ro s e  

in  a  0 .0 0 2 5  m a le a te  b u f f e r  a t  p H 4 .5 .  Our s e c t i o n s  w ere  

i n  an  u n b u f f e r e d  s o l u t i o n  o f  0.5%  s u c ro s e  a t  pH 7 . 0 .

(B) B onner g iv e s  no i n d i c a t i o n  t h a t  p e n e t r a t i o n  

i s  c o m p le te  o v e r  th e  p e r i o d  he h as s t u d i e d .

R ie tse m a  (1949) h as fo u n d  u s in g  c r i t i c a l  dye 

m ethods t h a t  e x t e r n a l  pH h a s  v e r y  l i t t l e  e f f e c t  on th e  

i n t e r n a l  pH . Hence w h e th e r  a r s e n a t e  a c t s  d i f f e r e n t l y  

w i th  d i f f e r e n t  i n t e r n a l  pH i s  n o t  l i l c e ly  t o  c o n c e rn  u s  

h e r e . The m ost l i k e l y  e f f e c t  i s  on th e  r a t e  a n d  e x t e n t  

o f  p e n e t r a t i o n  o f  th e  io n s  o r  m o le c u le s .  Our s o l u t i o n s  

a t  pH 7 .0  w i l l  c e r t a i n l y  c o n t a in  more a r s e n a t e  io n s  an d

l e s s  so d iu m  a r s e n a t e  m o le c u le s  th a n  a  s o l u t i o n  a t  pH 4 . 5 .
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Dae t o  th e  c h a rg e d  n a tu r e  o f  c e l l  membranes one w ould  

e x p e c t  a g r e a t e r  p e n e t r a t i o n  i f  th e  s u b s ta n c e  i s  p r e s e n t  

in  th e  u n c h a rg e d  s t a t e ,  as  m o le c u le s .  I t  i s  t h e r e f o r e  to  

be e x p e c te d  t h a t  th e  e f f e c t  o f  a r s e n a te  w ou ld  be g r e a t e r  

a t  a l a v e r  pH. However B onner f in d s  a r s e n a t e  does n o t  

i n h i b i t  th e  r e s p i r a t i o n  o f  Avena ev en  a t  a c o n c e n t r a t io n  o f 

1 0 " ’%  a t  pH 4 .5 .  We o b ta in  i n h i b i t i o n  o f th e  r e s p i r a t i o n  

o f  o u r  r o o t  s e c t io n s  a t  pH 7 .0  w i th  a  c o n c e n t r a t io n  o f  

1 0 ~ % . I t  m ust be c o n c lu d e d  t h a t  th e  e f f e c t  o f  a r s e n a te  

i s  d i f f e r e n t  in  r o o t  t i s s u e .

EFFECT OF AR8ENATE ON THE RESPIRATION RATE c t d .

067oS0CŜ 0S€, C o n tro l 1 0 * %  a r s e n a t e 1 0 * %  a r s e n a te 1 0 * %  (

12 h o u rs 1 5 .0 2 4 .0 0 .0 0 .0
1 1 .0 2 0 .0 6 .3 0 .0

9 .5 1 7 .3 5 .0 0 .0
1 0 .0 1 4 .5

9 .1 1 4 .0

24 h o u rs 1 1 .0 1 4 .0 0 .0 0 .0
1 5 .4 2 0 .0 6 .0 0 .0
1 3 .0 1 6 .0 0 .0

30 h o u rs 1 2 .7 1 4 .0 0 .0 0 .0
1 4 .0 1 8 .0 5 .0 0 .0

48 h o u rs 1 0 .0 1 0 .5 0 .0 0 .0
1 1 .6 2 .5 0 .0

6 .0 4 .8 3 .6 0 .0
5 .5 6 .0
6 .5 1 3 .4

I t  i s  e v id e n t  t h a t ,  w h ereas 10“*"* and  10 ^ m o la l s o lu t io n s  

o f sod ium  a r s e n a t e  in  tim e  c o m p le te ly  i n h i b i t  th e  r e s p i r a t i o n  

o f  th e s e  r o o t  s e c t i o n s ,  1 0 has  a  h ig h ly  s t i m u la to r y  e f f e c t .
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S in c e  Y^arburg an d  C h r i s t i a n  have shown th e  breakdoTO  o f  

th e  a r s e n o  compound o f  p h o s p h o g ly c e r ic  a c id  i s  more r a p id  

th a n  th e  n o rm a l 1 3 d ip h o s p h o g ly c e r ic  acid;^ATP.^% DP 

m echanism  an  i n i t i a l  s t i m u l a t i o n  v /ould  be e x p l a i n a b l e .  

However i t  seem s u n l i k e l y  t h a t  t h i s  w ou ld  p e r s i s t  f o r  24 -30  

h o u r s .  L m  c o n c e n t r a t io n s  o f  i n h i b i t o r s  f r e q u e n t l y  

s t i m u la t e  r e s p i r a t i o n  r a t e  and  th e  m echanism  i s  o f t e n  

o b s c u r e •

The s t i m u l a t i o n  by 10""% sodium  a r s e n a t e  d o es 

n o t  o c c u r  u n l e s s  s u c ro s e  i s  p r e s e n t .  The r e s u l t s  above 

w ere  in  0.5%  s u c ro s e  an d  th e  f o l lo w in g  r e s u l t s  a r e  f o r  o th e r  

c o n c e n t r a t io n s

0 SUCROSE f-10*"% a r s e n a t e  f l O " ^  a r s e n a te

0 h o u rs 1 1 .5 1 1 .5 0 .0
a r s e n a te

0 .0
12 h o u rs 9 .5 8 .0 0 .0 0 .0
24 h o u rs 8 .0 8 .0 0 .0 0 .0
30 h o u rs 7 .5 7 .5 0 .0 0 .0
48 h o u rs 7 .6 7 .7 0 .0 0 .0

0 h o u rs
2% SUCROSE 

- 1 1 .0 2 0 .0 0 .0 0 .0
12 h o u rs 1 2 .0 2 5 .0 0 .0 0 .0
24 h o u rs 1 8 .9 2 0 .0 0 .0 0 .0
30 h o u rs 1 3 .9 1 1 .0 0 .0 0 .0
48 h o u rs 4 .3 1 .0 0 .0 0 .0

0 h o u rs
10% SUCROSE 

1 0 .5 1 0 .0 0 .0 0 .0
12 h o u rs 1 2 .5 .9 .0 0 .0 0 .0
24 h o u rs 1 3 .0 1 2 .5 0 .0 0 .0
30 h o u rs 1 3 .5 1 1 .0 0 .0 0 .0
48 h o u rs 1 5 .0 1 0 .0 0 .0 0 .0

2% s u c ro s e i n c r e a s e s th e  s t i m u la t io n  to g r e a t e r

th a n  100%, w h erea s  i n  10% s u c ro s e  th e  a r s e n a te  i s  i n h i b i t o r y  

10% s u c ro s e  i s  h y p e r to n ic  t o  th e  p l a n t  c e l l  s a p ,  a c o n d i t io n

EeuJk 1$ •n.Q.cctv. a y  .
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Which will involve a large number of new physiologic
f a c t o r s . A d i f f e r e n t  ty p e  o f  r e s u l t  i s  n o t  u n e x p e c te d .

A p a rt from, s u c ro s e  th e  s t i m u l a t i o n  i s  c o n s id e r a b ly

re d u c e d  by th e  p re s e n c e  o f  a u x in  o f  a c o n c e n t r a t io n  w h ich

i s  n o rm a lly  i n h i b i t o r y  o r  n o rm a lly  s t i m u l a t o r y  t o  g ro w th ,

w h e rea s  B onner fo u n d  a u x in  had  a  s t i m u la to r y  e f f e c t  on

r e s p i r a t i o n  r a t e  w h ich  can  be e l im in a te d  in  th e  p re s e n c e  o f

a r s e n a t e ;  we f i n d  t h a t  a u x in  h as no s i g n i f i c a n t  e f f e c t  on

th e  r e s p i r a t i o n  r a t e  n o t  a t t r i b u t a b l e  to  change in  l e n g th
tv t  •vît

an d  i n  th e  p r e s e n c e  o f a u x in  th e  a r s e n a te  e f f e c t  i s  i n e w a s o d

INITIAL RESPIRATION RATE/SAMPLE 
Medium 0.5%  s u c ro s e

-4-10'

12 h o u rs

24  h o u rs  

30 h o u rs  

48 h o u rs

^^lAA tlO ~^^IA A +10~^IAA 4-10~^IAA
- 5

+10 M ARSENATE + 1 0 "%  ARSENATE

1 2 .0 1 1 .0 8 .0 8 .0
1 3 .0 1 2 .0 9 .8 6 .4
1 3 .4 9 .1
1 0 .0 7 .5
1 2 .0 1 0 .5

9 .7 7 .7

9 .8 1 2 .7 7 .6 8 .0
1 1 .0 1 3 .0 8 .0 8 .4

9 .8 1 4 .0 6 .7 7 .0

2 5 .5 2 2 .7 2 0 .0 1 9 .0
2 0 .4 1 9 .0 1 8 .4 1 5 .4

1 4 .5 1 5 .0
1 6 .0 1 7 .0 1 3 .4 1 4 .0

1 1 .6 1 2 .7 6 .5 5 .0
6 .0 6 .0 8 .0 1 0 .3
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MEAN RATIOS IN ARSENATE /  CONTROL

0 a u x in IC ^ ^ IA A 10"®LAA

0 h o u rs 1 .0 1 0 .8 1 0 .9 3
12 h o u rs 1 .5 9 1 .2 7 1 .0 4
24 h o u rs 1 .2 9 0 .9 1 0 .8 9
30 h o u rs 1 .1 9 1 .0 5 1 .0 5
48 h o u rs 1 .0 7 1 .0 5 1 .0 5

B e fo re  p r o c e e d in g  t o  th e  e f f e c t  o f  p h o s p h a te  on 

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

o f  a r s e n a t e  on g ro w th  o f  s e c t i o n s  m ust be c o n s id e r e d  t o  s e e  

i f  i t  i s  i n  a n y  way c o r r e l a t e d  w i t h  r e s p i r a t o r y  r e s p o n s e #

As w i l l  be s e e n  fro m  th e  g ra p h s  i n  0 .5 ^
—6s u c r o s e  s o l u t i o n ,  ^  c o n c e n t r a t i o n  o f  10 M so d iu m  a r s e n a t e  

I n h i b i t s  e l o n g a t i o n  i n  2 4  h o u rs  t o  3 5 ^  (m ean o f  9 e x p e r i m e n t s ) .  

I n  48 h o u rs  t h e  mean i n h i b i t i o n  i s  t o  3 3 ^ . Now t h i s  

a t i te iu la L io n  i s  ac co m p a n ied  by  STBflJLATION o f  th e  r e s p i r a t i o n  

r a t e .  T h e re  i s  no  o b v io u s  c o r r e l a t i o n  b e tw een  g ro w th  r a t e  

an d  r e s p i r a t i o n  r a t e  h e r e .

W ith  h ig h e r  c o n c e n t r a t i o n s  o f  a r s e n a t e ,  i n h i b i t i o n  

i s  i n c r e a s e d .  In  10“ %  a r s e n a t e ,  a t  24  h o u r s ,  t h e  i n h i b i t i o n  

i s  9 2 ^  i n c r e a s i n g  t o  96% a t  48 h o u r s .  In  th e  h i g h e s t  

c o n c e n t r a t i o n ,  10“ %  a r s e n a t e ,  t h e  I n h i b i t i o n  o f  e l o n g a t i o n  

i s  94:% a n d  t h i s  i n c r e a s e s  t o  9 8 ^  w i t h  t i m e .  A lth o u g h  we 

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

a r s e n a t e  c o n c e n t r a t i o n  i t  i s  n e v e r  c o m p le te  a n d  g ro w th  i s  n o t  

s to p p e d  w h i le  r e s p i r a t i o n  c o n t in u e s  n o r m a l ly  ( B o n n e r ) .

In  f a c t  h e r e  th e  i n h i b i t i o n  o f  e l o n g a t i o n  i s  p a r a l l e l e d  by 

t h a t  o f  Q io w th - I t  h a s  b ee n  shown t h a t  i n  a r s e n a t e  m ost o f
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th e  e l o n g a t i o n ,  w h ic h  g o es t o  make up th e  24 h o u r  v a l u e s ,  

o c c u rs  i n  th e  i n i t i a l  4 h o u rs  b e fo re  p e n e t r a t i o n  i s  c o m p le te .  

The g ro w th  w h ic h  o c c u rs  h as  n o th in g  t o  do w i th  th e  p r e s e n c e  

o f a r s e n a t e  w h ic h  f i n a l l y  i n h i b i t s  g ro w th  c o m p le te ly .

S i m i l a r l y  1 0 " %  a n d  10**% a r s e n a t e  c o m p le te ly  i n h i b i t  

r e s p i r a t i o n  a f t e r  9 - 1 2  h o u rs  e m e rs io n  o f  th e  s e c t i o n s .

I t  may w e l l  be t h a t  a r s e n a t e  h as  a  d i f f e r e n t i a l  

e f f e c t  on g ro v /th ; an d  r e s p i r a t i o n ,  b u t a s  f a r  a s  th e  r e s u l t s  

above can  be ta k e n  a s  i n d i c a t i v e  o f  t h e  n o rm a l r e s p o n s e  o f  

p l a n t  t i s s u e ,  th e  s t a t e  o f  a f f a i r s  i s  n o t  a s  s im p le  a s  B onner 

w o u ld  have u s  b e l i e v e .  A g ain  i t  i s  em p h a s ised  t h a t  a r s e n a t e  

ta k e s  tim e  t o  p e n e t r a t e  t h e  p l a n t  c e l l .  The e f f e c t  i s  t o  

re d u c e  t h e  g ro w th  r a t e  t o  n e a r l y  z e ro  a f t e r  4 h o u r s ,  b u t i t s  

e f f e c t  on r e s p i r a t i o n  r a t e  i s  d e la y e d .  C e r t a i n l y  a f t e r  4 

h o u rs  t h e  r e s p i r a t i o n  r a t e  i s  r e d u c e d  t o  a new lo w e r l e v e l ,  an d  

t h i s  s lo w ly  d r i f t s  down t o  z e ro  in  th e  1 2 - 2 4  h o u rs  p e r i o d .

The r e a s o n  f o r  t h i s  may be t h a t  as  th e  s e c t i o n s  g e t  o ld e r  th e y  

become more s e n s i t i v e  t o  a r s e n a t e  p o i s o n in g .  T h is  was 

c o n f irm e d  by a d d in g  a r s e n a t e  24 h o u rs  a f t e r  c u t t i n g  a n d  p l a c i n g  

in  s u c r o s e .  The r e s p i r a t i o n  r a t e  was r a p i d l y  re d u c e d  t o  

z e r o .

W ith  r e s p e c t  t o  th e  s t i m u l a t i o n  o f  r e s p i r a t i o n  

r a t e  by 1 0 " %  a r s e n a t e ,  t h i s  i s  o v e r  an d  above th e  n o rm a l 

in c r e a s e  in  r e s p i r a t i o n  r a t e  p e r  sam ple  w h ich  ta k e s  p la c e  

w i th  i n c r e a s i n g  l e n g t h ,  a n d  i s  in  f a c t  in d e p e n d e n t o f  i t .

I f  t h i s  c o n c e n t r a t i o n  o f  a r s e n a t e  i s  ad d ed  a f t e r  24  o r  ev e n
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48 h o u r s ,  s t i m u l a t i o n  aa g r e a t  a s  i s  o b ta in e d  o v e r  and  above 

th e  24  h o u r  maxima i s  o b s e rv e d .

As was p o in te d  o u t n o  r e s p i r a t o r y  maximum was g.
o b s e rv e d  in  t h e  a b s e n c e  o f  s u c r o s e .  XNo s t i m u l a t i o n  by lO^'lÆ

\<i XSlq. Qp Sucrose
a r s e n a t e  was o b s e rv e d  when monnnopfaiQ ttao r o a p i r a l i u n 'r a l e .

A# T h e  i n h i b i t i o n  o f  r e s p i r a t o r y  r a t e  i s  l e s s  i f  no  

s u c ro s e  i s  p r e s e n tX  th e  i n h i b i t i o n  o f  e l o n g a t i o n  com pared  t o  

th e  c o n t r o l  i s  r e d u c e d .

A lth o u g h  a u x in  r e d u c e s  th e  s t i m u l a t i o n  o f  

r e s p i r a t i o n  i n  Omd% s u c r o s e  by 10**% a r s e n a t e  s o l u t i o n ,  i t  

does n o t  e f f e c t  th e  g ro w th  i n h i b i t i o n  (on  a  p e r c e n ta g e  b a s i s  /  

c o n t r o l ) .  I t  may be t h a t  when a n  i n h i b i t o r  c a u s e s  t h e r e  t o  

be a  s t i m u l a t i o n  o f  one p r o c e s s  acco m p an ied  by an  i n h i b i t i o n  

o f  th e  o t h e r  i t  i s  a c t i n g  on one p a r t  o f  th e  g e n e r a l  m e ta b o l ic  

u n i t .  F o r  i n s t a n c e  i f  t h i s  lov/ c o n c e n t r a t io n  o f  a r s e n a t e  

can s t i m u l a t e  th e  f o r m a t io n  o f  3 -p h o s p h o g ly c e r ic  a c i d  a t  th e  

ex p e n se  o f  t h e  f o rm a t io n  o f  some s u b s ta n c e  e s s e n t i a l  t o  

g ro w th  t h i s  ty p e  o f  r e s u l t  i s  e n t i r e l y  e x p l i c a b l e .

W ith  r e s p e c t  o f  a u x in  a c t i o n  we have th e  p a ra d o x  

t h a t ,  w h e re a s  B onner f i n d s  t h a t  a r s e n a t e  rem oves th e  

s t i m u l a t i o n  o f  r e s p i r a t i o n  due t o  a u x in ,  we f i n d  a u x in  p a r t l y  

rem oves th e  s t i m u l a t i o n  due t o  a r s e n a t e .

We th o u g h t  i t  m ig h t be p o s s i b l e  t o  i m i t a t e  

B onner*3 r e s u l t s  f o r  r o o t  s e c t i o n s  u s in g  much lo w e r  c o n c e n t r a t io n s  

o f  so d iu m  a r s e n a t e .  As many w o rk e rs  have show n, r o o t s  t e n d  

to  be c o n s id e r a b ly  more s e n s i t i v e  t o  ad d ed  t o x i c  s u b s ta n c e s
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t h a n  do s h o o t  t i s s u e .  U s in g  a  ra n g e  o f  10“ -M t o  10“ ^M 

a r s e n a t e  we fo u n d  a r s e n a t e  h a d  no  e f f e c t  on t h e  r e s p i r a t i o n  o f  

r o o t  s e c t i o n s  b u t  i t  h ad  no  e f f e c t  on t t e  e l o n g a t i o n  e i t h e r .

We c o u l d  n o t  r e p e a t  B onner*s r e s u l t s  a n d  we f e e l  t h e y  s h o u ld  

be r e p e a t e d  u s i n g  h i s  t i s s u e ,  t a k i n g  i n t o  a c c o u n t

( 1 ) t h e  tim e o f  p e n e t r a t i o n  o f  t h e  a r s e n a t e .

( 2 ) t h e  t im e  f a c t o r  in v o lv e d  i n  g ro w th  a n d  

r e s p i r a t i o n  m e a s u re m e n ts .

EFFECT OF PHOSPHATE ON ARSENATE INHIBITION

S in c e  a r s e n a t e  p r o b a b ly  a c t s  i n  th e  m e ta b o l is m  

o f  t h e  p l a n t  by s u b s t i t u t i n g  f o r  p h o s p h a te  i n  t h e  r e s p i r a t o r y  

c y c le  i t  i s  p o s s i b l e  t h a t  i t s  e f f e c t  may be overcom e by 

a d d in g  s u f f i c i e n t  e x c e s s  o f  i n o r g a n i c  p h o s p h a te  i o n s • In  

th e  c o u r s e  o f  p r e l i m i n a r y  e x p e r im e n ts  i t  was fo u n d  t h a t  ammonium 

io n s  f ro m  ammonium d ih y d ro g e n  p h o s p h a te  h ad  a  h i g h l y  

i n h i b i t o r y  e f f e c t  on t h e  g ro w th  o f  r o o t  s e c t i o n s .  T h is  

e n t i r e l y  swamped an y  e f f e c t  o f  th e  p h o s p h a te  io n s  when ad d e d  

t o g e t h e r  w i t h  a r s e n a t e .  I t  was th u s  fo u n d  n e c e s s a r y  t o  

i n t r o d u c e  p o t a s s iu m  io n s  i n  t h e  fo rm  o f  p o ta s s iu m  d ih y d r o g e n  

p h o s p h a te  ( so d iu m  i s  a l s o  an  i n h i b i t o r y  i o n . )  A l l  s o l u t i o n s  

o f  t h i s  s a l t  w ere  c a r e f u l l y  n e u t r a l i s e d  t o  pH 7 .0  a n d  th e  pH 

was ch e ck e d  a t  12 h o u r  i n t e r v a l s  u s i n g  a  pH m e t e r .  I t  was 

fo u n d  t h a t  t h e  i n h i b i t i o n  o f  g ro w th  by 10~ %  a r s e n a t e  i n  0 . 5 ^  

s u c r o s e  was p a r t i a l l y  r e v e r s e d  by 10" ‘̂ M p h o sp lm te  a n d  

c o m p le te ly  r e v e r s e d  by 10**^M an d  h i g h e r  c o n c e n t r a t i o n s .

The same r e v e r s a l  t a k e s  p l a c e  i n  s o l u t i o n s  c o n t a i n i n g  a u x i n .
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8 1

P o ta s s iu m  p h o s p h a te  does i t s e l f  s t i m u l a t e  g ro w th  

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

o f  a r s e n a t e . T h e r e f o r e  th e  e l o n g a t i o n  i s  n o t  m e re ly  b ro u g h t  

t o  a  l e v e l  o f  th e  s u c r o s e  c o n t r o l  b u t  s u r p a s s e s  t h i s  becom ing 

e q u a l  t o  t h a t  i n  p h o s p h a t e .

Now 10*“^ I  sod ium  a r s e n a t e  s t i m u l a t e s  th e  

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

removed by 1 0 p h o s p h a t e . I t  seems t h a t  a r s e n a t e  a c t i o n  

in  s u p p r e s s i n g  e l o n g a t i o n  an d  i n  s t i m u l a t i n g  r e s p i r a t i o n  i s  

i n  b o t h  c a s e s  c o n c e rn e d  w i t h  s u b s t i t u t i o n  f o r  i n o r g a n i c  

p h o s p h a te  i . e .  t h e  t h e o r i e s  o f  W arburg  an d  C h r i s t i a n  a r e  

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

The im p o r ta n c e  o f  t h e s e  r e s u l t s  i s  t o  e x p l a i n  

a u x in  a c t i o n .  i n d o l y l  a c e t i c  a c i d  h as  no  e f f e c t  on th e  

i n h i b i t i o n  o f  g ro w th  by a r s e n a t e .  I t  h a s  no  e f f e c t  on th e  

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

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

by a  low c o n c e n t r a t i o n  o f  a r s e n a t e .  When p h o s p h a te  r e v e r s e s  

t h i s  i n h i b i t i o n ,  i t s  e f f e c t  i s  a d d i t i v e .  I t  seems t h a t  

a u x in  may be a c t i n g  a s  a  r e g u l a t o r  i n  th e  r e s p i r a t o r y  c y c le  

p r i o r  t o  t h e  a r s e n a t e  regu lG ited  s t a g e . I f  In  t h e  p r e s e n c e  

o f a u x in  t h e  f o r m a t io n  o f  3 - p h o s p h o g ly c e r i c  a ld e h y d e  c a n n o t  

ex c ee d  a  c e r t a i n  n e a r  n o rm a l  r a t e ,  a  c o n c e n t r a t i o n  o f  a r s e n a t e  

w h ich  i n  t h e  a b s e n c e  o f  a u x in  can be s t i m u l a t o r y  t o  a  l a t e r  

p r o c e s s ,  c a n  have no  e f f e c t .  A p r e v io u s  r e a c t i o n  i s  l i m i t i n g .
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T h e r e f o r e  t h e  f o l l o w i n g  p o s s i b i l i t i e s  o c c u r : -

( a )  a u x in  i f  p r e s e n t  p r e v e n t s  an y  s t i m u l a t i o n  

above n o rm a l  by a n y  r e a c t a n t  whose a c t i o n  i s  a f t e r  t h e  a u x in  

c o n t r o l l e d  o n e .

(b )  i f  a u x in  i s  n o t  t h e r e ,  a  low c o n c e n t r a t i o n  o f  

a r s e n a t e  may s t i m u l a t e  r e s p i r a t i o n  by s u b s t i t u t i n g  f o r  

i n o r g a n i c  p h o s p h a te  -  a  r e a c t i o n  w h ic h  d i s t u r b s  th e  ATfi^ADP 

m echanism  a n d  e l i m i n a t e s  t h e  g ro w th  r e a c t i o n .

( c )  p h o s p h a te  o f  a  c o n c e n t r a t i o n  one h u n d red  

t im e s  t h a t  o f  th e  a r s e n a t e  c o m p le t e ly  o u tw e ig h s  an y  a r s e n a t e  

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

g ro w th  i n h i b i t i o n .
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B f f e c t  o f  d i n l t r o p h e n o l

In  1922 P l a n t e f o l  fo u n d  t h a t  2 . 4 .  d i n i t r o p h e n o l  

in  an  a c i d  medium i n h i b i t e d  t h e  g ro w th  o f  S t e r i g r a a t o c y s t i s  

n i g r a . The e f f e c t  o f  t h i s  s u b s t a n c e  on c e l l  d i v i s i o n  seems 

t o  be w id e s p r e a d ;  f o r  i n s t a n c e .  Woodward, K in g e ry  an d  

W il l ia m s  (1934) fo u n d  a  s o l u t i o n  i n  Vfo sod ium  c a r b o n a te  was 

t o x i c  t o  t h e  g ro w th  o f  M p n i l i a  t r o p i c a l ^ :  Clowes and  K ra h l

(1936) o b t a i n e d  b lo c k a g e  o f  t h e  n o rm a l d i v i s i o n  o f  s e a  u r c h i n  

e g g s ,  e t c .

Woodward e t  a l ,  h ad  o b s e rv e d  t h a t  i n  t h e i r  

a l k a l i n e  s o l u t i o n  t h e  t o x i c i t y  was c o n s i d e r a b l y  l e s s  t h a n  t h a t  

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

( P l a n t e f o l  1 9 2 2 ) .  pH m ust be c o n s id e r e d  v e r y  c a r e f u l l y  i n  

e x p e r im e n ts  w i t h  t h e s e  i n h i b i t o r s .  S in c e  t h e  pK v a lu e  o f  

2 4 d i n i t r o p h e n o l  i s  4 .0  t h e  t o x i c i t y  d e c r e a s e s  r a p i d l y  a s  

th e  pH i s  r a i s e d .  F in d in g  t h i s  t o  be s o ,  Clowes and  K ra h l  

(1931) a t t r i b u t e d  t h e  t o x i c i t y  due t o  u n d i s s o c i a t e d  m o le c u le s  

o n l y .  I t  seem s now t h a t  t h i s  v iew  i s  p a r t l y  e r r o n e o u s  

(Simon a n d  B lackm an, 1 9 4 9 ) .  Even i f  th e  weak a c i d  i s  

c o m p le te ly  d i s s o c i a t e d ,  i t  may s t i l l  be t o x i c .  T h is  may 

be b e c a u se  t h e  pH o f  th e  c e l l s  i s  l e s s  t h a n  t h a t  o f  t h e  

s u r r o u n d i n g  m edium . The d i s s o c i a t e d  m o le c u le s  a r e  i n  

e q u i l i b r i u m  w i t h  u n d i s s o c i a t e d  ones  a t  t h e  lo w er  i n t e r n a l  pH.

The e f f e c t  o f  pH on th e  d i s s o c i a t i o n  o f  2 4 

d i n i t r o p h e n o l  i s  a s  f o l lo w s  (Newcombe 1 9 5 0 ) .

a t  pH 4 .0  50^ m o le c u le s  a r e  u n d i s s o c i a t e d
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a t  pH 5 .0  o n ly  10^  m o le c u lo s  a r e  u n d i s s o c i a t e d

a t  pH 6 .0  m o le c u le s  a r e  u n d i s s o c i a t e d

As Simon a n d  B lackm an p o i n t  o u t  i t  i s  

t h e o r e t i c a l l y  d e s i r a b l e  t h a t  when c o m p a ra t iv e  s t u d i e s  o f  th e  

e f f e c t i v e n e s s  o f  d i f f e r e n t  compounds a r e  t o  be made, a  pH 

s h o u ld  be u s e d  a t  w h ic h  t h e r e  i s  v e r y  l i t t l e  d i s s o c i a t i o n .  

T hey  p o i n t  o u t  t h a t  f o r  a weak a c i d  a t  a  pH two u n i t s  below  

t h e  pK v a lu e  t o x i c i t y  i s  u n i n f l u e n c e d  by i o n i s a t i o n .  U s in g  

p l a n t  m a t e r i a l  i t  w ou ld  be p h y s i o l o g i c a l l y  im p o s s ib le  t o  u s e  

s u c h  a  pH. In  s p i t e  o f  t h e  h i g h  d e g re e  o f  d i s s o c i a t i o n  

we have u s e d  a  pH o f  7 .0  ( a s  i n  p r e v io u s  e x p e r im e n ts )  -  a  

pH p r e v i o u s l y  u s e d  by S t e n l i d  (19 4 9 )  f o r  w hea t r o o t s .

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

b lo c k in g  a g e n t  o f  m i t o s i s  a l s o  i n h i b i t s  s u b s e q u e n t  e l o n g a t i o n  

and  d i f f e r e n t i a t i o n .  B onner (1949) fo u n d  d i n i t  ro p h e n o l  

i n h i b i t o r y  t o  th e  g ro v /th  o f  Avena c o l e o p t i l e  seg m en ts  w h ic h  

d i d  n o t ,  o f  c o u r s e ,  i n c l u d e  an y  m e r i s t e r a a t i c  t i s s u e .  O th e r  

r e s e a r c h  w o rk e rs  w ere  more c o n c e rn e d  w i t h  th e  e f f e c t  o f  t h i s  

compound on t h e  r e s p i r a t i o n  o f  p l a n t  t i s s u e  a n d  t h e i r  a c c o u n ts  

d i d  n o t  ( u n l i k e  B o n n e r’ s )  in c lu d e  s im u l ta n e o u s  m easu rem en ts  

o f  t h e  g ro w th  o r  e l o n g a t i o n  cf t h e  t i s s u e .

The e f f e c t  on r e s p i r a t i o n  a l s o  c o n c e rn s  u s  h e r e ,  

b e c au se  ( a s  was t h e  c a s e  w i t h  low c o n c e n t r a t i o n s  o f  sodium  

a r s e n a t e )  i n h i b i t i o n  o f  g ro w th  p r o c e s s e s  i s  a g a i n  acco m p an ied  

by a s t i m u l a t i o n  o f  r e s p i r a t i o n .  Clowes an d  K ra h l  (1936) 

fo u n d  t h a t  a s  low a c o n c e n t r a t i o n  a s  1 0 s t i m u l a t e d
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th e  r e s p i r a t i o n  a n d  b lo c k e d  t h e  d i v i s i o n  o f  s e a  u r c h i n  e g g s .

A c o n c e n t r a t i o n  o f  3 x  10""% gave 292^t s t i m u l a t i o n .

A p p a r e n t ly  th e  a c t i v e  g roup  was th e  p h e n o l i c  -OH s i n c e  th e  

n i t r o  g ro u p s  c o u ld  be s u b s t i t u t e d  by h a lo - g r o u p in g s  w i th o u t  

a l t e r i n g  t h e  c h a r a c t e r i s t i c  a c t i v i t y .  ( K ra h l  a n d  C low es,

1 9 3 9 ) .

T u rn in g  t o  th e  e f f e c t  on p l a n t  m a t e r i a l ,  S t e n l i d

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

o f  young w h ea t r o o t s  a t  a pH o f  6 .5  -  7 .0  v / i t h  th e  h i g h

c o n c e n t r a t i o n  o f  lO^^M d i n i t  r o p h e n o l .  However u s i n g  th e

same c o n c e n t r a t i o n  a t  a  pH o f  4 . 5  -  5 .0  i n h i b i t i o n  was

o b s e r v e d .  T h is  i s  i n  k e e p in g  w i t h  th e  o r i g i n a l  rem ark s  made

on t h e  e f f e c t  o f  pH on d i s s o c i a t i o n .  B o n n e r’ s p a p e r  on t h e

e f f e c t  o f  d i n i t  r o p h e n o l  on Avena s e c t i o n s  u n f o r t u n a t e l y  does

n o t  m e n t io n  th e  pH a t  w h ic h  th e  e x p e r im e n ts  w ere  c a r r i e d  o u t .

However he h ad  p r e v i o u s l y  u s e d  "a  m a le a te  b u f f e r  o f  pH 4 . 5 ” ;

so  we can  p o s s i b l y  assum e t h a t  t h i s  was th e  pH o f  th e

e x p e r im e n ts  t o  w h ic h  we r e f e r .  He o b t a in e d  s t i m u l a t i o n  o f

r e s p i r a t i o n  t o g e t h e r  w i t h  i n h i b i t i o n  o f  g ro w th  a t  a  much lov /er

c o n c e n t r a t i o n  th a n  d i d  S t e n l i d  ( a b o v e ) . In  a  2^  s u c r o s e
■■(5

medium 1 . 5  x  10*^ d i n i t r o p h e n o l  c a u s e d  i n i t i a l  s t i m u l a t i o n  

o f  th e  r e s p i r a t i o n ,  w h e re a s  h i g h e r  c o n c e n t r a t i o n s  i n h i b i t e d  

i t .  • However i n  a p y r u v a te  medium a c o n c e n t r a t i o n  as  h i g h  a s  

10“ ^ s t i m u l a t e d  r e s p i r a t i o n .  (N ote c o n c e n t r a t i o n s  n o t  m o l a r . )  

A f u r t h e r  p a p e r  on th e  e f f e c t  o f  d i n i t r o p h e n o l  on p l a n t  t i s s u e  

r e s u l t s  f ro m  Newcombe’ s w ork  on to b a c c o  c a l l u s  t i s s u e .  He
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o b t a i n e d  s t i m u l a t i o n  o f  t h e  r e s p i r a t i o n  o f  t h i s  t i s s u e  

d u r in g  t h e  f i r s t  h o u r  w i t h  c o n c e n t r a t i o n s  o f  10“ ^M t o  10“ %  

b u t  t h i s  f e l l  o f f  w i t h  t im e  r a p i d l y  r e t u r n i n g  t o  n o r m a l .

The s t i m u l a t i o n  was a c co m p a n ie d  by an  i n c r e a s e  i n  t h e  

r e  s p i r a t  o r y  q u o t  i e n t •

T h e o r ie s  o f  th e  p o s s i b l e  m echanism  o f  

d i n i t r o p h e n o l  a c t i o n  have been  e l a b o r a t e d  f o r  p l a n t  and  

a n im a l  t i s s u e  e v e r  s i n c e  th e  o r i g i n a l  w ork o f  Clowes an d  

K ra h l  ( 1 9 3 6 ) .  W in z le r  an d  Burk (1949) o b s e rv e d  t h a t  t h e  

d ru g  i n h i b i t e d  th e  n i t r o g e n  a s s i m i l a t i o n  o f  b a c t e r i a ;  an d  

S p ieg e lraan n  o b t a i n e d  e v id e n c e  t h a t  t h e r e  was p r e v e n t i o n  o f  

th e  f o r m a t io n  o f  a d a p t i v e  e n z y m e s .  E v id en c e  h as  been  

a c c u m u la t in g  t h a t  th e  m echanism  o f  a c t i o n  i s  v e r y  much 

c o n n e c te d  w i t h  t h e  p h o s p h a te  m e ta b o l is m  o f  t h e  c e l l .  F o r  

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

t h e  u p t a k e  o f  p h o s p h a te  io n s  f ro m  th e  s u r r o u n d i n g  medium i s  

i n h i b i t e d  (H .o tch k iss  1 9 4 4 ) .  C l i f t o n  (1948) fo u n d  t h a t  

d i n i t r o p h e n o l  can  ”r e p l a c e ” i n o r g a n i c  p h o s p h a te  i n  t h e  

r e s p i r a t i o n  o f  m ic r o - o r g a n i s m s .  P h o sp h a te  d e f i c i e n t  sy s te m s  

re s p o n d e d  t o  t h e  d ru g ,  w h e re a s  sy s te m s  co m p le te  i n  p h o s p h a te  

r e q u i r e m e n ts  w ere  l e s s  r e s p o n s i v e . Loomis a n d  Lipmann (1948) 

fo u n d  t h a t  w ash ed  k id n e y  p a r t i c l e s  c o u ld  o x i d i s e  g l u t a m t e  

in  t h e  a b s e n c e  o f  p h o s p h a te  ( t h i s  com ponent was p r e v i o u s l y  

c o n s id e r e d  o b l i g a t o r y ) .  In  1949 Tep l y  p o i n t e d  o u t  t h a t  

d i n i t r o p h e n o l  h as  th e  p r o p e r t y  o f  r e l e a s i n g  i n o r g a n i c  p h o s p h a te  

from  p r e p a r e d  p h o s p h a te  g e l s .  Hence he s u g g e s t s  t h a t  o f
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d i n i t r o p h e n o l  does n o t  a c t  i n  s u b s t i t u t i n g  f o r  i n o r g a n i c  

p h o s p h a te  a s  p r e v io u s  w r i t e r s  s t a t e d ,  b u t a c t s  by r e l e a s i n g  

i n o r g a n i c  p h o s p h a te  fro m  p h o s p h a te  e s t e r s  p r e s e n t  i n  th e  

p r o to p la s m .  T h is  c a u s e s  s t i m u l a t i o n  o f  th e  r e s p i r a t i o n .

He does n o t  e x p l a i n  why i n  t h i s  c a se  g ro w th  i s  i n h i b i t e d  -  

p re s u m a b ly  a  " d o u b le  a c t i o n ” m ust be in v o k e d .  Anyway t h i s  

q u e s t i o n  m ust seem t o  p l a n t  p h y s i o l o g i s t s  t o  be l a r g e l y  

a c a d e m ic .

From r e s u l t s  on th e  Avena c o l e o p t i l e ,  B onner 

(1949 ) p o s t u l a t e d  a " d u a l  m echanism ” o f d i n i t r o p h e n o l  a c t i o n .  

The s t i m u l a t i o n  o f  r e s p i r a t i o n  a t  low c o n c e n t r a t i o n s  c o u p le d  

w i t h  a n  i n h i b i t i o n  o f  g ro w th ,  was t h e  e f f e c t  o f  r e p la c e m e n t  

by t h e  d ru g  o f  th e  a d e n y l i c  a c i d  o r th o - p h o s p h a te  s y s t e m .

At h i g h e r  c o n c e n t r a t i o n s  t h e r e  was i n t e r f e r e n c e  w i t h  th e  

p r o d u c t i o n  o f  p y r u v a te  f rom  a  h e x o se  s u b s t r a t e .  I f  how ever 

p y r u v a te  was u s e d  a s  t h e  r e s p i r a t o r y  s o u r c e ,  t h i s  i n h i b i t i o n  

was r e v e r s e d .  The s t i m u l a t i o n  o f  r e s p i r a t i o n  by d i n i t r o p h e n o l  

was c o m p le t e ly  i n h i b i t e d  by sod ium  f l u o r i d e  an d  8 0 ^  i n h i b i t e d  

by maI o n i c  a c i d .  Bonner c o n c lu d e s  f ro m  t h i s  t h a t  

d i n i t r o p h e n o l  i s  a f f e c t i n g  th e  p a r t s  o f  r e s p i r a t i o n  a f f e c t e d  

by t h e s e  i n h i b i t o r s .  Sodium f l u o r i d e  i s  b e l i e v e d  t o  a f f e c t  

th e  a c t i o n  o f  e n o l a s e  i n  th e  f o r m a t io n  o f  ( e n o l ) - p h o s p h o p y r u v ic  

a c i d  f ro m  2 - p h o s p h o g ly c e r i c  a c i d .  M alona te  i s  an  ack n o w led g ed  

i n h i b i t o r  o f  s u c c i n i c  d e h y d ro g e n a se  -  w h ic h  a c t s  on th e  K rebs 

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

d i f f i c u l t  t o  draw an y  c o n c r e t e  c o n c lu s io n s  f ro m  t h i s  d a t a .
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K e l l y  an d  A very  (1949) have  o b t a i n e d  some 

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

They fo u n d  a  c o n c e n t r a t i o n  o f  0 .2  -  1 .0  m g . / l i t r e  s t i m u l a t e d  

th e  r e s p i r a t i o n  20-30?o, w h e rea s  10 m g . / l i t r e  was i n h i b i t o r y  t o  

t h e  e x t e n t  o f  5 0 ^ .  An i n t e r e s t i n g  f a c t  was t h a t  t h e  

s t i m u l a t i o n  was a d d i t i v e  t o  any  s t i m u l a t i n g  a c t i o n  o f  2 4 D.

In  o u r  e x p e r im e n ts  we have  a t t e m p te d  t o  show th e  

e f f e c t  o f  d i n i t r o p h e n o l  on p e a  r o o t  s e g m e n ts ,  m e a s u r in g  

s im u l ta n e o u s  e l o n g a t i o n  a n d  r e s p i r a t i o n .  V/e ho p ed  t o  th ro w  

some l i g h t  on th e  c o n n e c t i o n  w i t h  p h o s p h a te  m e ta b o l is m  an d  

d e te rm in e  how t h e s e  r e s u l t s  w ere  a f f e c t e d  by th e  p r e s e n c e  o f  

a u x i n .

E x p e r im e n ts  w i t h  2 4 d i n i t r o p h e n o l

The g ra p h s  show r e s p i r a t i o n  a n d  l e n g t h  r a t i o s  /  

c o n t r o l  i n  0 .5 /â  s u c r o s e . I t  c a n  be s e e n  t h a t  w i t h  a  low 

c o n c e n t r a t i o n  ( 10“ % )  t h e r e  i s  an  i n i t i a l  s t i m u l a t i o n  ( i n  th e  

f i r s t  two h o u r s )  o f  a p p r o x im a te l y  30%. A c o n c e n t r a t i o n  o f  

10" %  i s  i n h i b i t o r y  t o  t h e  e x t e n t  o f  a b o u t  20%, an d  a  

c o n c e n t r a t i o n  o f  1 0 " %  i s  v e r y  i n h i b i t o r y .  I t  i s  t o  be 

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

s t i m u l a t i o n  i n c r e a s e s  up  t o  24 h o u rs  a f t e r  w h ic h  i t  f a l l s  o f f  

t o  a n e g l i g i b l e  v a lu e  a t  36 h o u r s .  T h is  c o n c e n t r a t i o n  i s  

a lv /ays i n h i b i t o r y  t o  e l o n g a t i o n  o f  t h e  s e c t i o n s .  H ig h e r  

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

no e l o n g a t i o n  a t  a l l  t a k e s  p l a c e .  T h is  l a s t  f a c t  i s  p r o b a b ly  

due t o  th e  im m ed ia te  p e n e t r a t i o n  of d i n i t r o p h e n o l .  W hereas
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i n  e x p e r im e n t s  w i t h  a r s e n a t e  t h e  r e s p i r a t i o n  r a t e  g r a d u a l l y  

d e c r e a s e d  t o  th e  f i n a l  v a l u e ,  i n  t h e s e  e x p e r im e n ts  r e s p o n s e  

was im m e d ia te ,  o c c u r r i n g  a f t e r  1 /2  t o  1 h o u r .  No g ro w th  i s  

p o s s i b l e  a t  t h o s e  c o n c e n t r a t i o n s  w h ic h  a r e  i n h i b i t o r y  t o  

r e s p i r a t i o n .  The lo w e r  c o n c e n t r a t i o n  10“ %  i s  s t i m u l a t o r y  t o  

r e s p i r a t i o n  an d  c a u s e s  o n ly  p a r t i a l  g ro w th  i n h i b i t i o n .

I t  seem s t h e r e f o r e  t h a t  w i t h  t h e s e  r o o t  s e c t i o n s  

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

been  m e n t io n e d  above (B o n n er  1 9 4 9 ) .  I t  has  been  n o t e d  t h a t  

H o tc h k is s  (1944) an d  Loomis a n d  Lipmann (1948) s t a t e d  t h a t  

r e s p o n s e  was o n ly  a  p r o p e r t y  o f  p h o s p h a te  d e f i c i e n t  s y s t e m s .

The f o l l o w i n g  e x p e r im e n ts  have b ee n  d e s ig n e d  t o  t e s t  t h i s  

t h e s i s .

R esponse  o f  d i n i t r o p h e n o l  i n  th e  p r e s e n c e  o f  p h o s p h a te

We p r o g r e s s i v e l y  t e s t e d  h i g h e r  an d  h i g h e r  

c o n c e n t r a t i o n s  o f  potassium  p h o s p h a te  i n  an  a t t e m p t  t o  r e v e r s e  

th e  10“ %  d i n i t r o p h e n o l  s t i m u l a t i o n  b u t ,  a s  t h e  g ra p h s  w i l l  

show, a  c o n c e n t r a t i o n  as  h i g h  a s  10 h ad  no e f f e c t  an d  e v e n  

i n c r e a s e d  t h e  s t i m u l a t i o n  due t o  d i n i t r o p h e n o l .  Nor was 

t h e  i n h i b i t o r y  e f f e c t  r e v e r s e d .  A c o n c e n t r a t i o n  o f  10“ %  

re m a in e d  a b o u t  20% i n h i b i t o r y .

We have  n o te d  t h a t  t h e  p e n e t r a t i o n  o f  d i n i t r o p h e n o l  

i s  v e r y  r a p i d  an d  we s u g g e s t  i t  i s  e v e n  more r a p i d  th a n  th e  

n o rm a l  p e n e t r a t i o n  o f  p h o s p h a te  i o n s .  Once t h e  d ru g  has  

e s t a b l i s h e d  an  a t t a c h m e n t  w i t h i n  t h e  c e l l  ev e n  a  h i g h

c o n c e n t r a t i o n  o f  p h o s p h a te  may be u n a b le  t o  r e v e r s e  th e  e f f e c t .



4%V^o«*s

gi:_|

+ t * ^

;?±:VîT4
# F Î / W

Htitîît

i-IN
«

tMtrestt
' « ¥ ? » o » K A .

felifftfeliii.-.!

o .s "4
VT*H p W A ^
* w r ’n  'S>,a5m r

rmm,
Ü T  r  J

i t
: î î i î t

fT-ru-jih • * i » 4f

t #
4  f  ^ '  T &  * ' T * T  ;XuillHiiiHi-:!



U m W M À & kü  Æ ü ] } '# #  Lif^ L i i h Cs

i i g w

iÉ t i iS M

VA'V»*.?

r - T n  ^

'#W.' I F .

f

m i #

»iO*' H  .W0$?wV6

♦ >0* V
3 N f . +iO‘^n'p.HrP.

Q5%&VWi% 
v»0'*Ht>MSiPHItTÉ
- '^ îS Î if iS

05'7.5wt<| 
♦W’ h  pV«B>Ç̂  
4 IRA



90

The p h o s p h a te  and  th e  d ru g  w ere added  a t  one and  th e  same 

t im e  ; w h ereas  p r e v io u s  w o rk e rs  have grown t h e i r  m ic ro -o rg a n is m s  

in  a  p h o s p h a te  c o n t a in i n g  medium, t o  w h ich  th e  d i n i t r o p h e n o l  

was l a t e r  a d d e d .  We t h e r e f o r e  a t t e m p te d  one s e t  o f  e x p e r im e n ts  

in  w h ic h  th e  s e c t i o n s  were c u t  and eraersed  in  a  n e u t r a l  

s o l u t i o n  o f  10“ %  p o ta s s iu m  d ih y d ro g e n  p h o s p h a te .  T h is  sam ple 

was p l a c e d  i n  t h e  i n c u b a t o r  on th e  s h a k e r  f o r  24 h o u rs  as  

u s u a l .  A f t e r  24 h o u rs  th e  s e c t i o n s  were removed w i t h  1 c c .  

o f  t h e  medium an d  p l a c e d  in  a  W arburg f l a s k .  The s id e  arm 

c o n ta in e d  1 c c .  2 % 10“ %  d i n i t r o p h e n o l  s o l u t i o n  ( i n  0.5% 

s u c r o s e ) .  A f t e r  th e  o r i g i n a l  r e s p i r a t i o n  r a t e  was o b ta in e d  

th e  d i n i t r o p h e n o l  was t i p p e d  i n t o  th e  f l a s k .  In  none o f  th e  

t h r e e  sam p les  u s e d  f o r  t h i s  e x p e r im e n t  was th e  c h a r a c t e r i s t i c  

r e s p i r a t o r y  r i s e  o b s e r v e d .  I t  seems th e n  t h a t  d i n i t r o p h e n o l  

a c t i o n  i s  c o n n e c te d  w i t h  p h o sp h a te  m e ta b o lism  in  th e  f o l lo w in g  

w a y ;-

(a )  i f  p h o sp h a te  has p r e v i o u s l y  been  p r e s e n t ,  

d i n i t r o p h e n o l  i s  u n a b le  t o  e f f e c t  th e  sy s te m  an d  e x e r t  i t s  

c h a r a c t e r i s t i c  e f f e c t .

(b ) i f  th e  sy s te m  has become ^p h o sp h a te  d e f i c i e n t ” 

d i n i t r o p h e n o l  can occupy r e s p i r a t o r y  c e n t r e s  and  s t i m u l a t e  o r  

i n h i b i t  r e s p i r a t i o n  a c c o r d in g  t o  i t s  c o n c e n t r a t i o n .

(c )  i f  th e  t i s s u e  i s  p la c e d  in  a m ixed s o l u t i o n  

o f  th e  two an d  has p r e v i o u s l y  been in  a "p h o sp h a te  d e f i c i e n t ” 

sy s te m , th e  d i n i t r o p h e n o l  w i l l  e x e r t  i t s  e f f e c t  by v i r t u e  o f

i t s  s u p e r i o r  p e n e t r a t i o n  r a t e .
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H o tc l ik iss  u s e d  o n ly  t i s s u e  w h ic h  by p a s t  h i s t o r y  

was " p h o sp h a te  r i c h ” o r  "p h o sp h a te  d e f i c i e n t " i . e .  he had  

o n ly  th e  d a t a  o f  (a )  and  (b ) on w h ich  to  b ase  h i s  t h e o r y .

I t  seems t h a t  d i n i t r o p h e n o l  can a c t  i n  th e  p r e s e n c e  o f  

p h o s p h a te ,  p r o v i d i n g  i t  p e n e t r a t e s  f i r s t .

I t  i s  u s e f u l  t o  compare th e  e f f e c t s  above v / i th  

th e  p r e v io u s  i n v e s t i g a t i o n  o f  a r s e n a t e  a c t i o n .  C o n t ra ry  t o  

th e  a b o v e ,  i f  a r s e n a t e  and  p h o sp h a te  a r e  added s im u l t a n e o u s ly  

th e  a c t i o n  of a r s e n a t e  i s  s u p p r e s s e d .  T h is  i s  b ecau se  th e  

p e n e t r a t i o n  o f  a r s e n a t e  io n s  i s  v e ry  slov /, p re su m a b ly  s lo w e r  

th a n  t h a t  o f  th e  p h o sp h a te  i o n s .  Hence p e n e t r a t i o n  r a t e s  

a r e  i n  th e  f o l l o w in g  o r d e r : -

d i n i t r o p h e n o l  i s  f a s t e r  th a n

p h o sp h a te  w h ic h  i s  f a s t e r  th a n  

a r s e n a t e .

E f f e c t  o f  a u x in  on d i n i t r o p h e n o l  a c t i o n ,  i n  th e  p r e s e n ce 

and  a b se n ce  o f  p h o s p h a te

The g ra p h s  show t h a t  a u x in  ( I M ) ,  w h i le  h a v in g  

no i n i t i a l  e f f e c t  on r e s p i r a t i o n  i t s e l f ,  does n o t  r e v e r s e  an d  

even s l i g h t l y  i n c r e a s e s  th e  s t i m u l a t o r y  e f f e c t  due t o  

d i n i t r o p h e n o l .  When p h o sp h a te  i s  p r e s e n t  th e  e f f e c t  o f  

i n c r e a s i n g  th e  s t i m u l a t i o n  i s  ev en  more m arked .

T ak in g  i n t o  a c c o u n t  K e l ly  and  A v e ry 's  on th e  

a d d i t i v e  e f f e c t  i n  c o n ju n c t io n  v / i th  2 4 D. i t  seems t h a t  a u x in  

works i n  th e  same sy s te m  as does d i n i t r o p h e n o l .  The d i f f e r e n c e  

i s  h e re  t h a t  v/he r e  as  2 4 D (an d  lAA) has an i n i t i a l
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s t im u la to ry ^  e f f e c t  on th e  r e s p i r a t i o n  o f  Avena and  Pisum  

s te m  t i s s u e ,  i n  r o o t  s e c t i o n s  t h e r e  i s  no s u c h  i n i t i a l  e f f e c t .  

Auxin does how ever have an  e f f e c t  w h ich  r e s u l t s  i n  i n c r e a s e  

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

The r e s u l t s  above f o r  a u x in  e f f e c t  a r e  th e  r e v e r s e  

o f  th o s e  o b ta in e d  v/hen a r s e n a t e  i s  u s e d  as  an  i n h i b i t o r .

A uxin t e n d s  t o  remove th e  low c o n c e n t r a t i o n  s t i m u l a t i o n  due 

t o  a r s e n a t e .  The f o l lo w in g  i s  v e r y  t e n t a t i v e l y  s u g g e s t e d .  

A ssum ing t h a t  B onner i s  c o r r e c t  i n  c o n c lu d in g  t h a t  th e  a c t i o n  

o f  a u x in  i s  m a in ly  w i t h i n  th e  K rebs a c i d  c y c l e ,  i t  i s  u n l i k e l y  

t l m t  i t  s h o u ld  augment th e  s t i m u l a t o r y  a c t i o n  o f  a r s e n a t e  

whose a c t i o n  i s  w e l l  removed from  t h i s  c y c l e .  In  f a c t  th e  

two may a c t  i n  o p p o s i t i o n  so  t h a t  th e  s t i m u l a t o r y  e f f e c t  i s  

r e d u c e d .  D in i t r o p h e n o l  may owe i t s  a c t i o n  t o  s t i m u l a t i o n  o f 

s u c c i n i c  d eh y d ro g en a se  (m a lo n a te  removes i t s  s t i m u l a t o r y  a c t i o n ) . 

Hence i t  i s  p o s s i b l e  t h a t  th e  e f f e c t s  o f  a u x in  and  d i n i t r o p h e n o l  

a r e  a d d i t i v e .  T here  a r e  a l a r g e  number o f  d i f f i c u l t i e s  t o  

be r e s o l v e d : -

1 .  B o n n e r 's  o b s e r v a t i o n  t h a t  a r s e n a t e  rem oves 

th e  s t i m u l a t i o n  o f  r e s p i r a t i o n  due t o  a u x i n .  C r i t i c i s m s  o f  

h i s  t e c h n iq u e  s h o u ld  be rem em bered h e r e .

2 .  The r e s p i r a t o r y  s t i m u l a t i o n  by d i n i t r o p h e n o l  

i s  a l s o  removed by sodium  f l u o r i d e ,  a n d  a p a r t  f rom  th e  r a t h e r  

d u b io u s  a c t i o n  o f  maI o n ic  a c i d  t h e r e  i s  no e v id e n c e  t h a t  i t  

has an y  a c t i o n  i n  t h e  Krebs c y c l e .

3 .  The a c t i o n  o f  lAA i t s e l f  i n  th e  K rebs c y c le  

i s  n o t  p r o v e n .
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E f f e c t  o f  i o d o a c e t a t e

In  1941 Commoner and  Thimann fo u n d  t h a t  

i o d o a c e t a t e  c o u ld  be u s e d  as  an  i n h i b i t o r  o f  g ro w th  i n  th e  

Avena c o l e o p t i l e ,  a t  c o n c e n t r a t i o n s  v /h ich  w ere to o  lov/ t o  

a p p r e c i a b l y  i n h i b i t  r e s p i r a t i o n .  M oreover a  c o n c e n t r a t i o n  

o f  t h i s  i n h i b i t o r  w h ic h  gave com ple te  i n h i b i t i o n  o f  g rov /th  

(5  X 10“ % )  r e d u c e d  t h e  r e s p i r a t i o n  by o n ly  10%. I t  was 

t h e r e f o r e  th o u g h t  p o s s i b l e  t h a t  o n ly  p a r t  o f  t h e  r e s p i r a t o r y  

p r o c e s s e s  v/as i n t i m a t e l y  c o u p le d  w i t h  g ro w th .  S in c e  90% 

o f  r e s p i r a t i o n  can  c o n t in u e  when g ro w th  i s  c o m p le te ly  

i n h i b i t e d ,  g ro w th  may o n ly  be d ep e n d en t  on th e  re m a in in g  10%. 

I t  was assum ed t h a t  th e  i o d o a c e t a t e - s e n s i t i v e  f r a c t i o n  o f  

r e s p i r a t i o n  v/as th e  g ro w th -c o n  t r o l l i n g  s y s te m .  S in c e  th e  

i o d o a c e t a t e  i n h i b i t i o n  o f  g ro w th  can  be e l i m i n a t e d  i f  ma l a t e ,  

p y r u v a t e ,  fum ar a t e  o r  s u c c i n a t e  happen  to  be p r e s e n t ,  t h e  

g r o w t h - c o n t r o l l i n g  sy s tem  was th o u g h t  t o  be t h e  c a r b o x y l i c  

r e s p i r a t o r y  c y c le  o f  S z e n t -G y o r g y i .

The i d e n t i f i c a t i o n  o f th e  i o d o a c e t a t e  s e n s i t i v e  

sy s te m  was c o n f irm e d  by th e  v/ork o f  Albaum and  Commoner on 

i n t a c t  s e e d l i n g s  o f  o a t .  The io d o a c e t a t e  i n h i b i t i o n  d id  

n o t  o c c u r  in  th e  p r e s e n c e  o f  ma l a  t e  and  f u m a r a t e .  Albaum, 

K a i s e r ,  G u t t e n ta g  and  E i c h e l  (1941) s t u d i e d  th e  e f f e c t s  o f  

i o d o a c e t a t e  on i n t a c t  r o o t s  o f  two v a r i e t i e s  o f  o a t .  U s in g  

th e  v a r i e t y  "Pulgham ” low c o n c e n t r a t i o n s  o f  i o d o a c e t a t e  w ere 

fo u n d  t o  s t i m u l a t e  g ro w th ,  w h e rea s  h ig h  c o n c e n t r a t i o n s  

i n h i b i t e d  i t .  However when th e  v a r i e t y  "B lack  Norway" was



94

u s e d  t h e r e  was no s t i m u l a t i o n  by low c o n c e n t r a t i o n s ,  a l t h o u g h  

i n h i b i t i o n  was s t i l l  o b t a in e d  w i t h  h ig h  c o n c e n t r a t i o n s .

Albaum e t  a l ,  c o r r e l a t e d  th e  r e s p o n s e  w i t h  th e  h i g h e r  a u x in  

c o n t e n t  o f  "P u lg h am " . T here  i s  t h e r e f o r e  an  a n ta g o n is m  

betv/een i o d o a c e t a t e  and  a u x in  in  r o o t  r e s p o n s e .  The a u th o r s  

s t a t e  t h a t  t h e  i o d o a c e t a t e  a c t s  by " q u a n t i t a v e l y  i n a c t i v a t i n g  

th e  a u x in s  o r i g i n a l l y  p r e s e n t " .  They b e l i e v e  t h a t  th e  n o rm a l 

i n h i b i t i o n  by a u x in  o f  r o o t  g ro w th  i n  h i g h  a u x i n - c o n t a i n i n g

r o o t s  ( e . g .  "Pulgham ") i s  r e l e a s e d  in  th e  p r e s e n c e  o f  low

c o n c e n t r a t i o n s  o f  i o d o a c e t a t e .  The a n ta g o n is m  o f  a u x in  

a c t i o n  by i o d o a c e t a t e  i s  m e n tio n e d  by Thimann (1941) b u t no 

d a t a  i s  g iv e n .  In d eed  n e a r l y  a l l  th e  work on th e  i n h i b i t i o n  

o f  g ro w th  by i o d o a c e t a t e  has  been  done i n  th e  p r e s e n c e  o f  a u x i n .  

Thimann and  Bonner (1948) w o rk in g  on Avena c o l e o p t i l e  

segm en ts  a lw ays  u s e d  a 1% s u c r o s e  s o l u t i o n  c o n t a i n i n g  10“ ^

i n d o l y l  a c e t i c  a c i d .  In  v iew  o f  th e  p o s s i b l e  i n t e r a c t i o n  o f

a u x in  and  i o d o a c e t a t e  i t  seems u n w ise  t o  p e r fo rm  s u c h  

e x p e r im e n ts  v / i th o u t  p r o p e r  a u x i n - l a c k i n g  c o n t r o l s .

I t  may be d i f f i c u l t  t o  e n s u re  co m p le te  a b s e n c e  o f  

a u x in  u s i n g  an y  p l a n t  t i s s u e ,  bu t some l i g h t  may be th row n 

on th e  p ro b le m  by a d d in g  s o l u t i o n s  c o n t a i n i n g  a ra n g e  o f  

a u x in  c o n c e n t r a t i o n s .  T h is  i s  more p r o f i t a b l e  when r o o t  

t i s s u e  i s  u s e d  s i n c e  t h i s  ra n g e  may in c lu d e  c o n c e n t r a t i o n s  

b o th  i n h i b i t o r y  an d  s t i m u l a t o r y  t o  r o o t  g ro w th ,  w h ereas  

w i t h  s te m  t i s s u e  th e  h i g h e r  " i n h i b i t o r y "  c o n c e n t r a t i o n s  w ould  

be o u t s i d e  th e  n o rm a l " p h y s i o l o g i c a l "  ra n g e  o f  th e  p l a n t .
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I t  a l s o  se e  mod i n c o n s i s t e n t  t o  s tu d y  th e  

p r o t e c t i o n  by C4 a c id s  w i th o u t  a  f u l l  i n v e s t i g a t i o n  o f  th e  

e f f e c t s  o f  t h e s e  a c id s  on th e  t i s s u e  in  th e  a b s e n c e  o f  i n h i b i t o r . 

U n f o r t u n a t e l y  we have o n ly  had  t im e  t o  i n v e s t i g a t e  

f u l l y  one o f  t h e s e  v i z .  m a l i c .  A f t e r  t h i s  we p ro c e e d e d  t o  

i n v e s t i g a t e  th e  e f f e c t  on io d o a c e t a t e  i n h i b i t i o n  i n  th e  

p r e s e n c e  a n d  a b s e n c e  o f  a u x i n .

As b e f o r e  we p a i d  due a t t e n t i o n  t o  t im e  d r i f t s .

Commoner a n d  Thimann (1941) w h i le  f o l l o w in g  th e  e l o n g a t i o n  o f 

s e c t i o n s  o v e r  a  48 h o u r  p e r i o d ,  had  t a k e n  r e s p i r a t o r y  

m easurem ents  o v e r  o n ly  t h e  i n i t i a l  f o u r  h o u r s .  S u b seq u en t 

w o rk e rs  (Thimann and  B onner, 1948) d i d  n o t  in c lu d e  any 

r e s p i r a t o r y  m easurem en ts  i n  t h e i r  r e s u l t s ,  b u t assum ed t h a t  

th e  c o n c e n t r a t i o n s  t h e y  u s e d  were t o o  low t o  a p p r e c i a b l y  

i n h i b i t  r e s p i r a t i o n .  i n  viev/ o f  t h e  s t i m u l a t i o n  o f  

r e s p i r a t i o n  by low  c o n c e n t r a t i o n  w h ic h  have b een  fo u n d  w i t h  

a r s e n a t e  and  d i n i t r o p h e n o l  and  th e  s t i m u l a t i o n  by low 

c o n c e n t r a t i o n s  o f  a u x in  fo u n d  by a  number o f  w o rk e r s ,  i t  

seemed u n w ise  t o  assume t h a t  t h e  e f f e c t  w i l l  be n e g l i g i b l e .

I t  seemed t h a t  a f u l l  i n v e s t i g a t i o n ,  i n c l u d i n g  p o s s i b l e  t i m e -  

d r i f t s  and  a u x in  i n t e r a c t i o n s ,  was n e e d e d  t o  c l e a r  up  t h e s e  

p o i n t s •

C h r i s t i a n s e n  a n d  Thimann have p u b l i s h e d  some 

i n t e r e s t i n g  p a p e r s  (1950) g i v i n g  v a lu e s  f o r  r e s p i r a t i o n  f o r  

two t im e  p e r i o d s  ( 2 -4  and  1 2 -1 4  h o u r s )  a f t e r  c u t t i n g ,  f o r  p e a  

s tem  m a t e r i a l .  However h e r e  a g a in  a l l  i n v e s t i g a t i o n  has  been  .

done i n  t h e  p r e s e n c e  o f  o n ly  one c o n c e n t r a t i o n  o f  a u s i n .  No
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i n d i c a t i o n  o f  i o d o a c e t a t e - a u x in  i n t e r a c t i o n  can  be o b ta in e d  

from  th e s e  d a t a .

R e s u l t s  w i t h  i o d o a c e t a t e

I .  EFFECT OF IODOACETATE IN THE ABSENCE OF ADDED AUXIN

( a )  on i n i t i a l  r e s p i r a t i o n .

The g r a p h  p l o t t i n g  i n i t i a l  r e s p i r a t i o n  (1 -3  h o u rs  

a f t e r  c u t t i n g )  has  t h e  f o l lo w in g  f e a t u r e s .  A l l  th e  

c o n c e n t r a t i o n s  u s e d  betw een  10“^M and  10“ %  w ere i n h i b i t o r y  

t o  r e s p i r a t i o n .  W ith  10“%  20% i n h i b i t i o n  was o b t a i n e d ,  

w i t h  1 0 i t  was 55% (mean o f  Î 8 r e a d i n g s ) .  W ith  10“ %  

i t  was 57%, w i t h  1 0 " %  64% a n d  w i t h  10“ %  74%. Now t h i s  i s  

i n  c o n t r a s t  t o  th e  r e s u l t s  o b t a i n e d  by Commoner an d  Thimann 

( 1 9 4 1 ) .  U s in g  ro u g h ly  t h e  same ra n g e  t h e y  o b ta in e d  no  

e f f e c t  o r  o n ly  10% i n h i b i t i o n  a t  t h e  c o n c e n t r a t i o n  w h ich  

i n h i b i t e d  e l o n g a t i o n  50% ( 5 x  10“ % ) .  T a k in g  24 h o u r  v a l u e s  

t h i s  c o n c e n t r a t i o n  i s  ab o u t  10“ ^M f o r  r o o t s ,  a s  w i l l  be shown 

b e lo w . Hence w i t h  t h i s  t i s s u e  th e  c o n c e n t r a t i o n  c a u s in g  a  

50% i n h i b i t i o n  o f  g ro w th  a l s o  i n h i b i t s  r e s p i r a t i o n  55% i . e .  

r e s p i r a t i o n  i s  j u s t  a s  s e n s i t i v e  t o  i n h i b i t i o n  by i o d o a c e t a t e  

a s  i s  g r o w th .

D i s r e g a r d in g  t h i s  i n c o n s i s t e n c y  i t  was p ro p o s e d  

t o  r e d u c e  t h e  c o n c e n t r a t i o n  o f  i o d o a c e t a t e  u n t i l  th e  e f f e c t  on 

i j i i t i a l  r e s p i r a t i o n  was o n ly  o f  t h e  o r d e r  o f  10%. T h is  

e f f e c t  was o b ta in e d  u s i n g  a c o n c e n t r a t i o n  o f  5 x  10“%  b u t  

in  t h i s  c a se  t h e  i n h i b i t i o n  o f  g ro w th  was o n ly  12%.

F u r t h e r  e v e n  lo w er  c o n c e n t r a t i o n s  were s t i m u l a t o r y
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t o  g ro w th  a n d  10" ^ %  io d o a c e t a t e  was 10% s t i m u l a t o r y  t o  

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

I t  m ust be c o n c lu d e d  t h a t  M  THE ABSENCE OP ADDED 

AUXIN th e  r e s u l t s  do n o t  in  th e  l e a s t  re se m b le  th o s e  o b ta in e d  

by Commoner an d  Thim ann (1941) f o r  Avena seg m en ts  in  th e  

p re s e n c e  o f  a u x in .  B o th  g ro w th  and  r e s p i r a t i o n  a r e  e q u a l ly  

s e n s i t i v e  t o  io d o a c e t a te  a c t i o n  in  s t i m u l a t i n g  o r  i n h i b i t i n g  

th e s e  p r o c e s s e s .

( b) on e lo n g a t io n

The v a lu e s  o b ta in e d  f o r  s e c t i o n s  ta k e n  a f t e r  

t h e i r  i n i t i a l  r e s p i r a t i o n  r a t e s  h ad  been o b ta in e d  in  th e  

W arburg  a p p a ra tu s  w ere to o  v a r i a b l e  t o  g iv e  a n y th in g  b u t a 

v ag u e  i n d i c a t i o n  o f  io d o a c e t a te  a c t i o n .  However 24 h o u r 

v a lu e s  gave a  g ra p h  w h ic h  c o r re s p o n d s  v e r y  w e l l  w i th  t h a t  

o b ta in e d  by Thimainn an d  B onner (1948) f o r  ’̂s u r f a c e d '' s e c t i o n s .  

U s in g  th e  low c o n c e n t r a t io n s  1 0 t o  1 0 a 23% s t i m u l a t i o n  

o f  e lo n g a t io n  in  24 h o u rs  i s  o b ta in e d .  T h is  s t i m u l a t i o n  i s  

r e d u c e d , b u t  s t i l l  c o n t in u e s ,  up  t o  10"^M. 5 x  1 0 g i ve s

an  i n h i b i t i o n  o f  12% an d  10~^M a  50% i n h i b i t i o n .  C om plete 

i n h i b i t i o n  o f  g ro w th  i s  o b ta in e d  w i th  10"^M io d o a c e t a te  an d  

i t  i s  t o  be n o te d  t h a t  t h i s  c o r re s p o n d s  t o  an  i n h i b i t i o n  o f  

i n i t i a l  r e s p i r a t i o n  o f  64%.

( c) o f  r e s p i r a t i o n  a f t e r  24 h o u rs  •

When th e  s e c t i o n s  have been  e rae rsed  in  

io d o a c e t a te  f o r  a s  lo n g  a p e r io d  as  24 h o u rs  th e  r e s p i r a t i o n  

l e v e l s  a r e  e x t r e m e ly  lov /. The c r i t i c a l  c o n c e n t r a t io n  o f
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10”®M (5 0 ^  i n h i b i t i o n  v a lu e  i n i t i a l l y  f o r  r e s p i r a t i o n  and  

f o r  24 h o u r  e lo n g a t io n  v a lu e s )  h a s  in c r e a s e d  i t s  e f f e c t i v e n e s s  

t o  77?o. The r e s p i r a t i o n  in  sam p les  o f  a n y  h ig h e r  c o n c e n t r a t io n  

i s  re d u c e d  to  n i l .  S t i m u l â t io n  i s  n e v e r  o b s e rv e d  a f t e r  24 

h o u r s . The c o n c e n t r a t io n  10“ ^ %  4% i n h i b i t o r y .

E x p e rim e n t on p e n e t r a t i o n  o f  io d o a c e ta te

A l a r g e  num ber o f  ^ t ip p in g  e x p e r im e n ts ” on th e  

r e s p i r a t o r y  d r i f t  had  shown t h a t  th e  r e s p o n s e  t o  io d o a c e t a te  

ta k e s  p la c e  w i th in  one h o u r  p r o v id in g  th e  i n h i b i t o r  i s  added  

n o t l e s s  th a n  two h o u rs  a f t e r  c u t t i n g .  I f  i t  i s  ad d ed  w i th in  

t h i s  tim e  p e r io d  o r  i n i t i a l l y  i t  may ta k e  a n y th in g  up t o  tw o 

h o u rs  b e fo r e  th e  f u l l  e f f e c t  i s  o b s e rv e d .  Even t h i s  

p e n e t r a t i o n  r a t e  i s  r e l a t i v e l y  f a s t  com pared v / i th  t h a t  o f  

a r s e n a t e  m o le c u le s .  S in c e  t o o ,  w i th  a r s e n a t e ,  th e  e f f e c t  o f  

th e  i n h i b i t o r  on g ro w th  p re c e d e d ^  t h a t  on r e s p i r a t i o n ;  i t  was 

th o u g h t  d e s i r a b l e  t o  d e te rm in e  i f  t h i s  was a l s o  th e  c a s e  when 

io d o a c e t a t e  was u s e d .

The s i x  m anom eters w ere u t i l i s e d  in  th e  f o l lo w in g

w ay.

1 . 0.5%  s u c ro s e  c o n t r o l ,  r e a d in g s  w ere  ta k e n  o v e r  an

8 h o u r  p e r i o d .

2 . 0 . 5% s u c r o s e ,  io d o a c e t a t e  was t i p p e d  a f t e r  tv/o h o u rs

t o  g iv e  a  c o n c e n t r a t io n  o f  10“^M.

3 . 0 . 3% s u c r o s e ,  io d o a c e t a te  t ip p e d  a f t e r  f o u r  h o u r s .

4 .  0.3%  s u c r o s e ,  ” ” ” s i x  ”

3 . 0.3% s u c ro s e  j  10*“̂ M io d o a c e t a t e .
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6 • R ep ea t 5

At th e  e n d  o f  8 h o u rs  a l l  sam p les  w ere m easu red  

a n d , a t  th e  same t im e ,  th e  f o l lo w in g  p a r a l l e l  sam p les  w ere 

s e t  up  on th e  s h a k e r  in  th e  i n c u b a t o r .

7 .  0 .5 ^  s u c ro s e  w h ich  was a ch eck  on 1 . f o r  th e  

in c u b a to r  c o n d i t i o n s •

8 . 0 .5 ^  s u c ro s e  m easu red  a f t e r  2 h o u rs

9 .  0.5?o ” 4 h o u rs

1 0 . 0 .5 ^  ” ” 6 h o u rs

The f i n a l  l e n g t h  o f  th e  s u c ro s e  c o n t r o l  in  t h e  

W arburg  m anom eter was 3.056m m . (mean o f  2 5 ) ,  w h e rea s  th e  one 

in  th e  in c u b a to r  was 3.105mm. T h is  shows a  v e r y  good 

c o r re s p o n d e n c e  o f  th e  two s a m p le s . As can  be s e e n  fro m  th e  

g r a p h s ,  i f  i o d o a c e t a t e  was ad d ed  a t  an y  tim e  a f t e r  th e  i n i t i a l  

two h o u rs  t h e r e  was no  a p p r e c ia b l e  f u r t h e r  e l o n g a t i o n .

H ow ever, when i t  i s  added  i n i t i a l l y  e lo n g a t io n  ro u g h ly  e q u a l  

to  t h e  n o rm a l tw o h o u rs  e lo n g a t io n  in  s u c ro s e  t a k e s  p l a c e .

Hence i t  seem s t h a t  th e  tim e  ta k e n  f o r  

io d o a c e t a t e  t o  a f f e c t  b o th  g ro w th  an d  r e s p i r a t o r y  sy s tem s  i s  

r o u g h ly  e q u i v a l e n t .  As w i th  a r s e n a t e  i n h i b i t i o n  o f  

r e s p i r a t i o n  th e  oxygen a b s o r p t io n  re a c h e s  a new l e v e l  a f t e r  

a  c e r t a i n  tim e  p e r io d  from  w h ich  i t  d r i f t s  t o  a v e r y  low 

v a lu e  ( o r  e v e n  n i l )  a t  24 h o u r s .

E f f e c t  o f  s u c ro s e

N e a r ly  a l l  th e  e x p e r im e n ts  w ere c a r r i e d  o u t in  a

s o l u t i o n  o f  0 . 5^  s u c r o s e ,  a n d  th e r e  was n o t  tim e  t o  make a
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f u l l  i n v e s t i g a t i o n  o f  t h e . s u c r o s e  e f f e c t  on io d o a c e t a te  

i n h i b i t i o n .  However a  few  e x p e r im e n ts  w ere c a r r i e d  o u t w i th  

c o n c e n t r a t io n s  10“*̂ M t o  10~"4vï in  th e  a b s e n c e  o f  s u c r o s e .

T hese  showed t h a t  th e  e f f e c t i v e n e s s  o f  th e  i n h i b i t o r  was 

c o n s id e r a b ly  re d u c e d  i f  s u c ro s e  was n o t  p r e s e n t .  T h is  i s  a  

s i m i l a r  r e s u l t  t o  t h a t  o b ta in e d  in  a r s e n a t e  e x p e r im e n ts ,  an d  

th e  rem a rk s  made t h e r e ,  a p p ly  h e r e .

II. EFFECT OF IODOACETATE IN THE PRESENCE OF A CONCENTRATION 
OF iflJXIM NORMALLY INHIB.PrORY TO GROVJTH (1Q-8IM)

V ery  e a r l y  in  th e  i n v e s t i g a t i o n  i t  was n o te d  t h a t  

io d o a c e t a t e  f a i l e d  t o  e x e r t  i t s  n o rm a l i n h i b i t o r y  e f f e c t  on 

r e s p i r a t i o n  i f  a c o n c e n t r a t io n  o f  10"^IAA was p r e s e n t .  T h is  

was f u l l y  i n v e s t i g a t e d  w i th  e x p e r im e n ts  o v e r  th e  w hole ra n g e  

o f  io d o a c e t a t e  e f f e c t .

( a )  on i n i t i a l  r e s p i r a t i o n

As w i l l  be s e e n  fro m  th e  g rap h s  th e  e f f e c t  o f  

io d o a c e t a t e  i s  c o n s id e r a b ly  re d u c e d  in  t h i s  c o n c e n t r a t io n  o f  

a u x in .  U s in g  a c o n c e n t r a t io n  o f  10*"̂ M an  i n h i b i t i o n  o f  o n ly  

9 . 0^  was o b s e rv e d  (m ean o f  12 r e a d i n g s ) .  I n c r e a s in g  th e  

c o n c e n t r a t i o n  to  10*"% o n ly  i n c r e a s e d  th e  i n h i b i t i o n  to  20%, 

10~ %  to  21^ .  Lower c o n c e n t r a t io n s  th a n  10““̂ M h ad  no  e f f e c t  

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

( b) on th e  g ro w th  in  24 h o u rs

The e f f e c t  on th e  t o t a l  e lo n g a t io n  was q u i t e  

r e m a rk a b le ,  f o r ,  com pared w i th  th e  a u x in  i n h i b i t e d  c o n t r o l ,  

th e  s e c t i o n s  in  1 0 i o d o a c e t a te  ^ a u x in  grew  35^ m o re .
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I t  seem s t h a t  a u x in  a n d  i o d o a c e t a t e  w ere  r e a l l y  c a n c e l l i n g

one a n o t h e r  o u t ,  s i n c e  th e  e x p e c te d  50% i n h i b i t i o n  o f  g ro w th

by i o d o a c e t a t e  was n o t  o b ta in e d ;  n o r  was th e  i n h i b i t i o n

e x p e c te d  a s  due t o  a u x i n .  T h is  i s  a  c l e a r  c a s e  o f  a n ta g o n is m

a n d  i t  seem s t h a t  th e s e  tw o s u b s ta n c e s  c o m p le te ly  c a n c e l  one

a n o th e r  o u t  w i t h  r e s p e c t  t o  g ro w th  i n h i b i t i o n ,  w h e re a s  th e

i n h i b i t i o n  o f  r e s p i r a t i o n  i s  s l i g h t .  I t  i s  t o  be n o te d  t h a t

t h e  c o n c e n t r a t i o n  10”®M does i n h i b i t  r e s p i r a t i o n  t o  th e  o r d e r

o f  r o u g h ly  10% in  t h i s  c o n c e n t r a t i o n  o f  a u x in  b u t i t  i s  no

lo n g e r  th e  50% g ro w th  i n h i b i t i o n  l e v e l .

( c )  on th e  34  h o u r  r e s p i r a t o r y  v a lu e s

As was p r e v i o u s l y  th e  c a s e  in  th e  a b s e n c e  o f
-  5a u x in ,  c o n c e n t r a t i o n s  o f  o v e r  10 M c o m p le te ly  i n h i b i t  t h e  

r e s p i r a t i o n  a f t e r ^ 4  h o u r s .  However w i th  IQj^M th e  9 .0 ^  

i n h i b i t  i o n \ i s  o n ly  i n c r e a s e d  t o  20^ \ ( c f .  77% i n  th e  a b s e n c e  

o f  a u x i n ) .

I I I .  EFFECT OF OTHER AUXIN CONCENTRATI 0H8

( a )  on  i n i t i a l  r e s p i r a t i o n

I t  h a s  been  o b s e rv e d  p r e v io u s l y  t h a t  a u x in  h a s  

no i n i t i a l  e f f e c t  on r e s p i r a t i o n  e x c e p t  t h a t  c o n c e n t r a t i o n s  o f  

10"^IAA te n d  t o  be s l i g h t l y  I n h i b i t o r y .  The n o rm a l c u rv e  

in  th e  a b s e n c e  o f  a u x in  h as  b een  w e l l  e s t a b l i s h e d .  Low 

c o n c e n t r a t io n s  o f  i o d o a c e t a t e  a r e  s t i m u l a t o r y  t o  i n i t i a l  

r e s p i r a t i o n  a n d  h ig h e r  c o n c e n t r a t i o n s  a r e  i n c r e a s i n g l y  

i n h i b i t o r y .  I f  how ever we s e l e c t  an y  one c o n c e n t r a t i o n  o f  

i o d o a c e t a t e  a n d  s tu d y  i t s  r e l a t i v e  i n h i b i t i o n  in  d i f f e r e n t
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a u x in  c o n c e n t r â t  io n s  we o b ta in  a  c u rv e  w h ich  c o r re s p o n d s  

in  a  r e v e r s e  m anner t o  t h a t  o f  i n c r e a s in g  io d o a c e ta te  i n h i b i t i o n  

a g a i n s t  r e s p i r a t i o n  r a t e .  A low c o n c e n t r a t io n  h as l i t t l e  

e f f e c t  on th e  io d o a c e ta te  i n h i b i t i o n  ( e . g .  th e  e f f e c t  o f  

10"^^IAA on i n h i b i t i o n  by 1 0 10~^M o r  lO^'^M io d o a c e ta te  

i s  n e g l i g i b l e ) .  However w i th  in c r e a s in g  a u x in  c o n c e n t r a t io n  

th e  e f f e c t  o f  an y  s e l e c t e d  io d o a c e ta te  c o n c e n t r a t io n  i s  

n e u t r a l i s e d ,  and  w i th  in te r m e d ia te  c o n c e n t r a t io n s  o f  a u x in  

t h e r e  i s  a  s t i m u l a t i o n  o f  r e s p i r a t i o n .  T h is  i s  p re su m a b ly  

due t o  r e d u c t io n  o f  th e  e f f e c t i v e  io d o a c e ta te  c o n c e n t r a t io n  t o  

s u c h  a  l e v e l  t h a t  i t  becomes s t i m u l a t o r y  t o  r e s p i r a t i o n .  Up 

t o  t h i s  p o in t  th e  e f f e c t  h as  been  due t o  r e d u c t io n  o f  th e  

io d o a c e t a t e  c o n c e n t r a t io n  i . e .  r e s p i r a t i o n  h as been  c o n t r o l l e d  

by th e  e f f e c t i v e  io d o a c e ta te  c o n c e n t r a t i o n .  However when th e  

c o n c e n t r a t io n  o f  added  a u x in  ex c ee d s  10"^IAA, th e  a u x in  i t s e l f  

b e g in s  t o  e x e r t  an  e f f e c t .  T h ere  i s  an  i n h i b i t i o n  to  th e  

l e v e l s  p r e v io u s l y  g iv e n  f o r  t h i s  a u x in  c o n c e n t r a t i o n .

( b) on e lo n g a t io n  r a t i o s

A uxin p r o g r e s s i v e l y  r e s t o r e s  th e  i n h i b i t o r y  

e f f e c t  o f  io d o a c e t a te  on g ro w th  and  as  th e  c o n c e n t r a t io n  o f  

a u x in  u s e d  becom es one w h ich  i s  n o rm a lly  i n h i b i t o r y  t o  th e  

r o o t  t i s s u e  th e  e lo n g a t io n  in  a u x in  4- io d o a c e ta te  s u r p a s s e s  

t h a t  o f  th e  a u x in  i n h i b i t e d  c o n t r o l .  The f i n a l  l e n g th  

a p p ro a c h e s  t h a t  in  th e  a b sen ce  o f  any  a u x in  o r  i o d o a c e t a t e .  

S t im u la t io n  o v e r  th e  n o rm a l g ro w th  in  0 .5 ^  s u c ro s e  was n e v e r  

o b ta in e d ;  i t  w ould  be n e c e s s a r y  t o  re d u c e  b o th  e f f e c t i v e
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c o n c e n t r a t io n s  to  a  v e r y  c r i t i c a l  l e v e l  w h ich  was n o t  fo u n d  

p r a c t i c a b l e  in  o u r  e x p e r im e n ts .  I f  s t i m u l a t o r y  io d o a c e t a te  

was u s e d  in  c o n ju n c t io n  w i th  s t i m u l a t o r y  a u x in ,  th e  

c o n c e n t r a t io n s  w ere s u f f i c i e n t l y  h ig h  f o r  th e  two e f f e c t s  t o  

be c a n c e l l e d  o u t .

I t  seem s t h e r e f o r e  t h a f '^ i n d o l y l  a c e t i c  a c i d  

an d  io d o a o e t i c  a c i d  a r e  a c t i n g  on th e  same s y s te m . T hey  b o th  

have th e  p r o p e r t y  o f  becom ing  a t t a c h e d  t o  c e r t a i n  c e n t r e s  o f  

m e ta b o lis m  an d  t h e r e  can  a c t  in  a  c h a r a c t e r i s t i c  w ay, 

p e c u l i a r  to  e a c h  one o f  th e m . B o th  have a  s i m i l a r  a c t i o n  on 

e lo n g a to r y  g ro w th . At low c o n c e n t r a t io n s  t h e r e  i s  a  

s t i m u l a t i o n  an d  a t  h ig h e r  c o n c e n t r a t io n s  an  i n h i b i t i o n  o f  t h i s  

p r o c e s s .  Hov/ever t h e i r  a c t i o n  on i n i t i a l  an d  su b s e q u e n t 

r e s p i r a t i o n  i s  q u i t e  d i f f e r e n t . A uxin  h as  no  i n i t i a l  e f f e c t  

on r e s p i r a t i o n  beyond  an  i n h i b i t o r y  one a t  h ig h  c o n c e n t r a t i o n s .  

S u b se q u e n t r e s p i r a t i o n  d ep en d s on th e  f i n a l  l e n g th  o f  th e  

s e c t i o n s .  However i o d o a c e t a t e  h as  a  c h a r a c t e r i s t i c  i n i t i a l  

e f f e c t  on r e s p i r a t i o n ,  f o l lo v / in g  v e r y  much th e  e f f e c t  on 

f i n a l  l e n g t h .  Low c o n c e n t r a t io n s  a r e  s t i m u la t o r y  an d  h ig h
faWs

c o n c e n t r a t io n s  i n h i b i t o r y .  S u b se q u e n t r e s p i r a t i o n  r e s u l t s

iifci th n iiMi9finn t 1 nn o f  t o  a low l e v e l .  I t  seem s

t h a t  th e  num ber o f  m e ta b o l ic  c e n t r e s  t o  w h ich  th e s e  io n s  can  

become a t t a c h e d  i s  l i m i t e d ,  so  t h a t  i f  b o th  i o d o a c e t a t e  a n d  

a u x in  a r e  p r e s e n t  th e y  a c t  as  c o m p e t i to r s .  S in c e  s u f f i c i e n t  

num ber o f  t h e s e  c e n t r e s  a r e  n o t  a v a i l a b l e  th e  ^ 'e f f e c t i v e ” 

c o n c e n t r a t io n  o f  b o th  s u b s ta n c e s  i s  re d u c e d  an d  c h a r a c t e r i s t i c
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a n t a g o n i s t i c  e f f e c t s  a r e  o b ta in e d .

The m e ta b o l ic  c e n t r e s  a r e  in  a l l  p r o b a b i l i t y ,  

enzyme com plexes c o n ta in in g  a v a i l a b l e  -SÏÏ g ro u p s  ( Q u a s te l  

an d  V fh e a tley , 1 9 4 2 ) . S in c e  ma l a t e  an d  o th e r  C4 a c id s  have 

th e  p r o p e r ty  o f  p r o t e c t i n g  th e s e  g ro u p s a g a i n s t  io d o a c e t a t e  

i n h i b i t i o n  th e  e f f e c t  o f  th e  t h r e e f o l d  bom bardm ent by a u x in  

i o d o a c e t a t e  an d  mal a t e  w i l l  be d e s c r ib e d  b e lo w .



EFEBGT OF l'ÆAL/ÆB ON GROVJTH AND 

RESPIRiiTION
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E f f e c t  o f  Mal a t e  ( c o n c e n t r a t i o n  0 .0 0 1  M sod ium  h y d ro g en  mal a t e )

The e f f e c t  o f  mal a t e  was c o n s id e r e d  a lo n e  a n d  in  

th e  p r e s e n c e  o f  0 .5 ^  s u c r o s e ;  in  th e  a b s e n c e  o f  a u x in  an d  a t  

two a u x in  l e v e l s ;  an d  a t  f o u r  tim e  l e v e l s  so  t h a t  some id e a  

o f  th e  tim e  d r i f t  c o u ld  be o b t a in e d .  The s c a t t e r  g ra p h s  

i l l u s t r a t e  th e  e f f e c t s  f u l l y .  R a t io  g ra p h s  r e l a t i n g  e a c h  

t r e a tm e n t  r e a d in g  w i th  i t s  a p p r o p r i a t e  c o n t r o l  have been  

in c lu d e d .

In  th e  a b se n c e  o f  s u c r o s e ,  mal a t e  h as no  

s i g n i f i c a n t  e f f e c t  on th e  r e s p i r a t o r y  tim e  d r i f t ,  w h e th e r  a u x in  

i s  p r e s e n t  o r  n o t .

In  th e  p r e s e n c e  o f  s u c ro s e  w here  th e  c l i a r a c t e r i s t i c  

r e s p i r a t o r y  maxima a t  24 h o u rs  a r e  o b ta in e d ,  t h i s  c o n c e n t r a t io n  

o f  mal a t e  te n d s  t o  in c r e a s e  t h i s  r e s p i r a t o r y  maxima i f  e i t h e r  

s t i m u l a t o r y  o r  i n h i b i t o r y  a u x in  a r e  p r e s e n t ,  b u t th e r e  i s  no 

e f f e c t  i f  a u x in  i s  a b s e n t .

A gain  in  th e  a b s e n c e  o f  s u c r o s e ,  mal a t e  h as  no  

e f f e c t  on th e  e lo n g a t io n  in  th e  a b se n c e  o f  a u x in  o r  i n  th e  

p r e s e n c e  o f  c o n c e n t r a t io n s  s t i m u l a t o r y  o r  i n h i b i t o r y  t o  g ro w th .

However i f  s u c ro s e  i s  p r e s e n t  mal a t e  h as  th e  

p r o p e r t y  o f  i n c r e a s in g  th e  i n h i b i t i o n  due t o  a u x in .

I t  i s  o b v io u s  t h a t  ma l a t e  i s  n o t  a c t i n g  h e re  a s  

a  s u b s t r a t e  in  a d d i t i o n  t o  s u c r o s e .  T h e re  i s  no  s i g n i f i c a n t  

e f f e c t  in  t l ie  a b s e n c e  o f  s u c r o s e ,  b u t when t h e r e  i s  s u f f i c i e n t  

s u c ro s e  to  be u s e d  a s  s u b s t r a t e  mal a t e  i n c r e a s e s  th e  s e n s i t i v i t y  

o f  th e  t i s s u e  t o  a u x in  a c t i o n ,  i n c r e a s in g  o r  d e c r e a s in g  g ro w th
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a s  th e  c a se  may b e . Ma l a t e  and  a u x in  a r e  n o t  a n t a g o n ls tk t  ^

b u t we r k  to g o th o x* inG reaaâm g tlœ  a u x in  e f f e c t .
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A f f e c t  o f  M a la te  on I o d o a c e ta t e  i n h i b i t i o n ,  i n  th e  a b s e n c e  

o f  a u x in

INITIAL RESPIRATION

F o r th e s e  e x p e r im e n ts  th e  c o n c e n t r a t i o n  o f  10"^M

i o d o a c e t a t e  was s e l e c t e d  f o r  s tu d y .  I t  was fo u n d  t h a t  when

m a la te  a n d  io d o a c e t a t e  w ere ad d ed  t o g e t h e r ,  a  c o n c e n t r a t i o n  
— 5

o f  10 M so d iu m  h y d ro g en  m a la te  r e d u c e d  th e  55% i n h i b i t i o n  

t o  a b o u t  30%. V /ith  10“ %  th e  I n h i b i t i o n  was r e d u c e d  t o  

10% a n d  w i th  10“ %  t h e r e  was a  s l i g h t  ( i n s i g n i f i c a n t )  

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

ELONGATION

As was fo u n d  by Thim ann an d  B onner (1 9 4 8 ) m a la te  

h as  th e  p r o p e r ty  o f  c o m p le te ly  r e s t o r i n g  th e  i n h i b i t i o n  due 

t o  i o d o a c e t a t e .  S in c e  m a la te  h as  n o t  th e  p r o p e r t y  o f  

I n c r e a s i n g  e l o n g a t i o n  in  t h e  a b s e n c e  o f  ad d ed  a u x in ,  t h e r e  

i s  no  in c r e a s e  o f  e l o n g a t i o n  o v e r  a n d  above th e  n o rm a l 

e l o n g a t i o n  in  0.5%  s u c r o s e .

r e s p ir a t io n  a f t e r  24 HOURS

A gain  1 0 ma l a t e  h as  th e  p r o p e r t y  o f  r e t u r n i n g  

th e  m a in te  I n h i b i t i o n  t o  th e  o r i g i n a l  l e v e l .  I t  m ust how ever 

be s t r e s s e d  t h a t  th e  m a la te  a n d  io d o a c e t a t e  w ere  ad d ed  t o g e t h e r ,  

a t  t h e  b e g in n in g  o f  t h e  e x p e r im e n t .

E f f e c t  o f  m a la te  on io d o a c e t a t e  i n h i b i t i o n ,  in  th e  p re s e n c e  

o f  a u x in

INITIAL RESPIRATION

The g ra p h  shows th e  mean r e s p i r a t i o n  r a t e s  o v e r
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two i n i t i a l  p e r io d s  0 -2  h o u rs  and  2 -4  h o u r s .  T h ere  i s  l i t t l e  

e f f e c t  ±rx th e  f i r s t  tw o h o u rs  due t o  in c o m p le te  p e n e t r a t i o n  

o f  th e  r e a c t a n t s  • However f o r  th e  2 -4  h o u r  p e r i o d ,  i t  i s  

shown c l e a r l y  t h a t  in  th e  p r e s e n c e  o f  a l l  f o u r  s u b s ta n c e s

( a )  s u c r o s e ,  h e r e  0 . 5%

(b ) i o d o a c e t a t e ,  h e re  10"^M

(c )  a u x in ,  h e re  10“ ^ i n d o l y l  a c e t i c  a c i d

(d )  m a la te  o f  c o n c e n t r a t i o n  10“ %  t o  10“ %  

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

RESPIRATION AFTER 24 HOURS

A uxin h a s  t h e  p r o p e r ty  in  t h i s  c o n c e n t r a t i o n  o f  

m a in ta in in g  th e  r e s p i r a t o r y  r a t e  t o  a n e a r  n o rm a l l e v e l  e v e n  

i f  10*"% io d o a c e t a t e  i s  p r e s e n t .  However i f  m a la te  i s  a l s o  

p r e s e n t  th e  r e s p i r a t i o n  a t  24 h o u rs  i s  re d u c e d  t o  n i l .  

ELONGATION

in  24 h o u rs  t h e  a c t u a l  e l o n g a t i o n  o f s e c t i o n  

p la c e d  in  a  s o l u t i o n  o f  th e  f o u r  com ponents above was 

n e g l i g i b l e  -  n o t  more th a n  an  i n i t i a l  1-2  h o u rs  n o rm al 

e l o n g a t i o n .
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EPEECg OF lODOAGETATE ON STEM TISSUE
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E f f e c t  o f  i o d o a c e t a t e  on s te m  t i s s u e

C h r i s t i a n s e n  an d  Thim ann (19 5 0 )  f i n d  t h e  

f o l l o w i n g  u s i n g  p e a - s te r n  s e c t i o n s  15 mm. l o n g .

I h d o l y l  a c e t i c  a c i d  s t i m u l a t e s  t h e  i n i t i a l  

r e s p i r a t i o n  r a t e  /  u n i t  d r y  w e ig h t  15-25% o v e r  t h a t  o f  

s e c t i o n s  grown i n  w a t e r  a l o n e .

I o d o a c e t a t e  u s e d  a t  a  c o n c e n t r a t i o n  o f  6 x  10~^M 

r e v e r s e d  t h i s  s t i m u l a t i o n  by a u x in  (1  mg. /  l i t r e )  a n d  c a u s e d  

50% i n h i b i t i o n  o f  g ro w th .

No r e s u l t s  w ere  i n c l u d e d  f o r  i o d o a c e t a t e  i n  th e  

a b s e n c e  o f  a d d e d  a u x i n .

We r e p e a t e d  t h e  e x p e r im e n t s  o f  C h r i s t i a n s e n  an d  

Thim ann e x a c t l y  u s i n g  15 mm. s e c t i o n s  t a k e n  f ro m  t h e  t h i r d  

i n t e r n o d e  o f  e t i o l a t e d  s e e d l i n g s .  S in c e  t h e r e  was n o t  

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

on a  b a s i s  o f  u n i t  s e c t i o n ,  a s  we h a d  done p r e v i o u s l y ,  we 

o b t a i n e d  d r y  w e ig h t  v a l u e s  f o r  e a c h  sam ple  an d  v/orked o u t  

o u r  r e s u l t s  on a  u n i t  d r y  w e ig h t  b a s i s  i n  t h e  same way a s  t h e s e  

a u t h o r s  h a d  done p r e v i o u s l y .  We i n c lu d e  h e r e  c o p ie s  o f  t h e i r  

o r i g i n a l  g r a p h  a n d  th e  g r a p h  we o b t a i n e d  u s i n g  o u r  t i s s u e  

( a  d i f f e r e n t  v a r i e t y  o f  p e a ) .

I t  can  be s e e n  t h a t  a u x i n  h as  no  s i g n i f i c a n t  

e f f e c t  on t h e  Qog o v e r  t h e  f i r s t  f o u r  h o u r s .  The same 

c o n c e n t r a t i o n  a s  was u s e d  by C h r i s t i a n s e n  an d  Thim ann was 

u s e d  h e r e .

A c o n c e n t r a t i o n  o f  6 x  10" %  i o d o a c e t a t e  i s



G colpV  5 *

W



110

inhibitory to the same extent as was previously found; BUT 
iodoacetate has not reversed the stimulation due to auxin 
since v/e have found none here.

We included a sample in the absence of auxin to 
show iodoacetate inhibition and find that in stem tissue, 
as well as root tissue, there is a considerably greater 
inhibition than when auxin is present. It must therefore 
be emphasised that the reason for a relatively low iodoacetate 
inhibition of respiration coupled with a high inhibition of 
growth, is not a fundamental differential action of this 
inhibitor which can be applied universally, it is only the 
property of this inhibitor in the presence of sufficiently 
high auxin concentration.
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I l l

D i s c u s s io n  an d  c o n c lu s io n s

We have b ee n  concerned , w i t h  one o f  th e  s i m p l e s t

a s p e c t s  o f  g ro w th ,  f o r  we have  t a k e n  s e c t i o n s  w i t h  a c o n s t a n t

num ber o f  c e l l s  ( t h a t  num ber re m a in e d  c o n s t a n t  due t o  th e

a b s e n c e  o f  m i t o t i c  a c t i v i t y )  an d  m o re o v e r  t h e s e  c e l l s  d i d

n o t  i n c r e a s e  a p p r e c i a b l y  i n  d ia m e t e r  d u r i n g  th e  e x p e r i m e n t .

B ecause  o f  t h i s  by p l o t t i n g  l e n g t h  a g a i n s t  t im e  ( o r  b e t t e r

s t i l l  e l o n g a t i o n  a g a i n s t  t im e )  we g e t  a  t r u e  p i c t u r e  o f  t o t a l

g ro w th  o f  e a c h  c e l l  w h ic h  i s  i n  th e  fo rm  o f  th e  t y p i c a l

8 - s h a p e d  cu rv e  o f  g r o w t h / t i m e .  S uch  a cu rv e  e x p r e s s e s  t h e

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

a s  one o r  more o f  t h e  com ponents  o f  g ro w th  be e x h a u s t e d ,  a f t e r

w h ic h  t im e  g ro w th  c e a s e s .  T h is  cu rv e  i s  a  v a l u a b l e  one

b u t  f u r t h e r  i n f o r m a t i o n  i s  o b t a i n e d  by p l o t t i n g  dL ( i . e .  g ro w th -
d t

r a t e  a g a i n s t  t i m e ) .  The v a l u a b l e  " p o in t  o f  i n f l e x i o n "

a p p e a r s  a s  th e  maximum g r o w t h - r a t e . In  o u r  c u r v e s  t o o ,  t h e

l a g - p e r i o d  o f  t h e  f i r s t  6 h o u rs  i s  p r o m in e n t .  We b e l i e v e

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

r e p r e s e n t s  th e  n o rm a l  g ro w th  r a t e  i n  t h e  i n t a c t  p l a n t .  S u c ro s e

c a u s e s  a n  a c c e l e r a t i o n  o f  t h a t  g ro w th  r a t e  w h ic h  i s  m a n i f e s t

a f t e r  6 h o u r s .  The cu rv e  d^L ( i . e .  t h e  " a c c e l e r a t i o n  c u r v e "
d ï ^

o:r c u rv e  o f  change o f  g r o w t h - r a t e  a g a i n s t  t im e )  t h e  p o i n t  

o f  i n f l e x i o n  of th e  p r e v io u s  c u rv e  i s  r e p r e s e n t e d  by th e  p o i n t  

o f  i n t e r s e c t i o n  o f  t h e  cu rv e  w i t h  th e  t i m e - a x i s .

To q u o te  Medawar, " i f  t h e r e  e x i s t e d  i n  a  body 

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

t h e n  th e  p o i n t  o f  i n f l e x i o n  v/ould  m ark a g e n u in e  c l i m a c t e r i c . "  

how i f  g ro w th  w ere  d e p e n d e n t  on s im u l t a n e o u s  i n c r e a s e  i n  

r e s p i r a t i o n  v/e m ig h t e x p e c t  r e s p i r a t i o n  r a t e  t o  i n c r e a s e  u p to  

t h e  p o i n t  o f  g r o v / th - r a t e  i n f l e x i o n ,  an d  t h i s  t o  be f o l l o w e d  

by a f a l l ,  VJe have shown t h i s  i s  n o t  t h e  c a s e .  The g ro w th -  

r a t e  b e g in s  t o  f a l l ,  w h i l e  r e s p i r a t i o n  r a t e  /  sam ple  i s  s t i l l  

r i s i n g .  However we have  a l s o  shown t h a t  i t  i s  somewhat 

e r r o n e o u s  t o  c o n s i d e r  r e s p i r a t i o n  r a t e s  on a  u n i t  sam p le  b a s i s  

w i t h o u t  r e g a r d  f o r  t h e  change i n  l e n g t h .  R e s p i r a t i o n  r a t e  /  

u n i t  l e n g t h  d e c r e a s e s  v / i t h  t im e ,  show ing  g ro v /th  i s  n o t  d e p e n d e n t  

on an y  r e c o g n i s a b l e  s im u l ta n e o u s  r e s p i r a t o r y  i n c r e a s e ,  b u t  i n  

r e a l i t y  i t  i s  q u i t e  t h e  r e v e r s e .  A p p a ren t  r e s p i r a t o r y  r a t e  

i n c r e a s e s  on a  sam ple  b a s i s  a r e  due t o  ch a n g e s  i n  l e n g t h .

I t  can  be m e n tio n e d  t h a t  t h e  q u a n t i t y  w h ic h  h as

b een  c a l l e d  " s p e c i f i c  g r o w t h - r a t e "  a l s o  d e c r e a s e s  w i t h  t im e

i n  th e  same m anner a s  does  r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h .

To o b t a i n  t h i s  q u a n t i t y  we m ust t a k e  f i r s t  t h e  c u rv e  o f

s p e c i f i c  g ro w th  a g a i n s t  t i m e .  Log L i s  p l o t t e d  as  o r d i n a t e .

T h is  c u rv e  r e c o r d s  t h e  r a t e  o f  m u l t i p l i c a t i o n  o f  l i v i n g

s u b s t a n c e .  I f  a l l  l i v i n g  m a t t e r  fo rm ed  c o n t in u e s  t o  p rom ote

f o r m a t i o n  o f  f u r t h e r  new s u b s t a n c e  a t  a c o n s t a n t  r a t e  th e

c u rv e  Log L a g a i n s t  t im e  w i l l  be a s t r a i g h t  l i n e  ( a s  i t  i s  o v e r

t h e " e x p o n e n t i a l  p h a s e "  o f  g r o w t h ) .  The f o r m e r  8 - s h a p e  i s

o b l i t e r a t e d .  T a k in g  d ( l o g  L ) a g a i n s t  t im e  t h e r e  i s  no
d t

l o n g e r  a g ro w th  r a t e  maximum. The c u rv e  d ^ ( l o g . L ) shows
d t
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c o n t in u o u s  d e c e l e r a t i o n  th r o u g h o u t  th e  w ho le  o f  th e  g ro w th

p r o c e s s .  A l th o u g h  we may b e l i e v e  R ichard*  s law t h a t  i n

a  c o n s t a n t  e n v i ro n m e n t  ( i n t e r n a l l y  a n d  e x t e r n a l l y )  g ro w th

p r o c e e d s  v / i t h  a  u n i f o r m  s p e c i f i c  v e l o c i t y ,  M inot * s law  i s

more a p p r o p r i a t e  u n d e r  t h e  a c t u a l  c o n d i t i o n s  t o  v /h ich  l i v i n g

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

g ro w th  i s  a lw a y s  n e g a t i v e .  T h e re  i s  t h e r e f o r e  a  p r o g r e s s i v e

d i s s i p a t i o n  o f  " g ro w th  e n e r g y " .  In  t h e o r y  e v e r y  p a r t i c l e

o f  p r o to p la s m  fo rm ed  d u r i n g  g ro w th  s h o u ld  be a b l e  t o

r e p r o d u c e  i t s e l f  a t  t h e  same r a t e  a s  i t  h as  been  fo rm e d ,  j u s t

a s  e a c h  b a c t e r iu m  i s  fo rm ed  by a  b i n a r y  f i s s i o n  an d  i s

c a p a b le  o f  i t s e l f  fo rm in g  tv/o o rg a n ism s  (H in sh e lw o o d ,  1 9 4 6 ) .

Hov/ever e v e n  v / i t h  b a c t e r i a  th e  c a s e  i s  n o t  a s  s im p le  a s  t h a t .

O th e r  phenom ena s u c h  a s  s t a l i n g ,  a g e in g  an d  d e p l e t i o n  o f

s u b s t r a t e  come i n t o  p l a y .  S p e c i f i c  g r o w t h - r a t e ,  w h ic h  i s

a n  e x p r e s s i o n  o f  t h e  r a t e  o f  g ro w th  o f  i n d i v i d u a l  p a r t i c l e s

o f  p r o to p l a s m  a s  t h e y  a r e  fo rm e d ,  alv /ays d e c r e a s e s  w i t h  t i m e .

T h is  s p e c i f i c  g r o v / th - r a t e  d e c l i n e s  more and  more s lo v / ly  w i t h

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

v /h ich  i t  can  be s a i d  t h a t  g ro w th  has  c e a s e d  e n t i r e l y .  T h is

i s  w e l l  i l l u s t r a t e d  by t h e  cu rv e  o f  d ^ lo g .L  a g a i n s t  t i m e .
— d # - - - - - - - - - - - - - - - - -

The r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h  a l s o  d e c r e a s e s  w i t h  t im e  

b u t  much l e s s  r a p i d l y  th a n  t h e  g ro v /th  r a t e .  T h e re  i s  n o t  

s u f f i c i e n t  e v id e n c e  f o r  an y  c o n c l u s i v e  s t a t e m e n t  o f  c o n n e c t i o n  

betv /een  t h e  two p r o c e s s e s  t o  be m ade.

We have shown t h a t  a u x in  has  no  im m ed ia te  e f f e c t
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on t h e  r e s p i r a t i o n  o f  s e c t i o n s  v/hen u s e d  o v e r  r a n g e s  v /h ich  a r e  

s t i m u l a t o r y  t o  g ro v /th ,  an d  a l s o  a n y  g ro w th  s t i m u l a t i n g  o r  

g ro v /th  i n h i b i t i n g  c o n c e n t r a t i o n s  have o n ly  t h o s e  e f f e c t s  on 

r e s p i r a t i o n  w h ic h  a r e  a t t r i b u t a b l e  t o  change in  l e n g t h  w i t h  

t i m e .  S t i m u l a t i o n  c o m p arab le  t o  t h a t  f o u n d  by B e rg e r  e t  a l  

( 1 9 4 6 ) ,  B onner (1949) o r  C h r i s t i a n s e n  a n d  Thim ann (1950) 

f o r  a e r i a l  t i s s u e  was n o t  o b t a i n e d .  A gain  t h e r e  is^ no 

s im u l t a n e o u s  i n c r e a s e  i n  r e s p i r a t i o n  w i t h  a n  i n c r e a s e  i n  g ro w th .

I t  does n o t  seem  t h a t  e i t h e r  sod ium  a r s e n a t e  o r  

so d iu m  i o d o a c e t 8-te  a c t  i n  t h e  r o o t  as  s p e c i f i c  i n h i b i t o r s  o f  

a u x i n  a c t i o n  i n  g ro w th  an d  r e s p i r a t i o n ,  a r o l e  w h ic h  h as  been  

a s s i g n e d  t o  th em  by v /o rk e rs  on Avena c o le  o p t  i l e  m e ta b o l i s m  

(B o n n e r ,  1950; Commoner and  Thim ann, 1 9 4 1 ) .  A r s e n a te  may 

s t i m u l a t e  r e s p i r a t i o n  a t  t h e  same t im e  a s  g ro v /th  i s  i n h i b i t e d ;  

an d  a t  h i g h e r  i n h i b i t o r y  c o n c e n t r a t i o n s  g ro v /th  an d  r e s p i r a t i o n  

a r e  i n h i b i t e d  t o  th e  same e x t e n t .  A s i m i l a r  s t a t e  o f  

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

A uxin  r e d u c e s  th e  " e f f e c t i v e "  c o n c e n t r a t i o n  o f  t h i s  i n h i b i t o r  -  

a  f a c t  t o  v /h ich  no  a t t e n t i o n  h a s  been  g iv e n  by p r e v io u s  

w o r k e r s .  The r e v e r s i b i l i t y  o f  i o d o a c e t a t e  a c t i o n  i n  t h e  

p r e s e n c e  o f  mal a t e  c o n f i rm s  th e  i d e n t i f i c a t i o n  o f  th e  i n h i b i t e d  

p a r t  o f  t h e  s y s te m  w i t h  t h e  S z e n t -G y o r g y i  a c i d  c y c le  b u t  we 

hav e  no e v id e n c e  h e r e  t h a t  s u c h  a  c y c le  h as  e x c l u s i v e  c o n t r o l  

o v e r  g ro w th .

U s in g  an  i n h i b i t o r  o f  an  e n t i r e l y  d i f f e r e n t  

t y p e ,  d i n i t r o p h e n o l ,  we s t i l l  f a i l  t o  f i n d  an y  d i f f e r e n t i a l  

e f f e c t  on a u x in  a c t i o n .
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By d i l i g e n t  s e a r c h  i t  m ig h t be p o s s i b l e  t o  f i n d  

an  i n h i b i t o r  w h ic h  i n  r o o t  t i s s u e  c o m p le t e ly  i n h i b i t e d  g ro v /th  

b u t  h a d  a low r a t e  o f  i n h i b i t i o n  o f  r e s p i r a t i o n .  Would i t  

t h e n  be j u s t i f i a b l e  t o  assum e t h a t  t h e  i n h i b i t i o n  was o f  

" th e  p a r t  o f  r e s p i r a t i o n  c o n t r o l l i n g  g ro w th ? "  F i r s t l y  i t  

seem s u n l i k e l y  t h a t  r o o t s  an d  c o l e o p t i l e s  s h o u ld  have d i f f e r e n t  

" c o r r e l a t i o n  m echan ism s"  f o r  two s u c h  f u n d a m e n ta l  p r o c e s s e s .  

S e c o n d ly  we m ust make s u r e  t h a t  t h e  i n h i b i t o r  does n o t  a c t  

a s  a n  a n t a g o n i s t  t o  an y  a d d e d  s u b s t a n c e  ( e . g .  a u x in )  i n  a  

way t h a t  e f f e c t s  may be c o n f u s e d .  T h i r d l y  a c t i o n  s h o u l d  be 

c o n s i d e r e d  o v e r  t h e  w ho le  c o n c e n t r a t i o n  r a n g e , a l t h o u g h  th e  

50^ g r o v / t h - i n h i b i t i n g  m ark may be c o n s id e r e d  a s  t y p i c a l .  

F o u r t h l y  p r o p e r  a t t e n t i o n  m ust be p a i d  t o  p e n e t r a t i o n  o f  a l l  

a d d e d  s u b s t a n c e s  and  t o  t im e  d r i f t s  i n  a l l  m e asu rem e n ts  m ade. 

E ven i f  p r o p e r  a t t e n t i o n  was p a i d  t o  a l l  t h e s e  p o i n t s ,  i t  w ou ld  

s t i l l  be n e c e s s a r y  t o  f u r n i s h  e v id e n c e  t h a t  t h e  a c t i o n  o f  t h e  

i n h i b i t o r  i s  r e a l l y  s p e c i f i c . I o d o a c e t a t e ,  a s  a  d e h y d ro g e n a s e  

i n h i b i t o r ,  may a c t  a t  a l a r g e  num ber o f  p o i n t s  i n  t h e  

r e s p i r a t o r y  c y c l e ;  an y  one o f  w h ic h  may be t a k e n  a s  th e  

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

t h i s  p r o c e s s  has  a l s o  f a l l e n  dov/n i n  v iew  o f  th e  v a r i a b l e  

t y p e s  o f  s u b s t a n c e s ,  a s  w e l l  a s  C4 a c i d s  now known t o  r e v e r s e  

i t s  a c t i o n .

I t  seems t h a t  a l a r g e  p a r t  o f  t h e  r e a s o n i n g  

c o n n e c te d  w i t h  t h i s  p ro b le m  h a s  been  b a s e d  on i n s u f f i c i e n t  

e v id e n c e  i n  c o n j u n c t i o n  w i t h  somewhat f a l l a c i o u s  a r g u m e n ts .
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T h is  t h e s i s  s e t s  o u t  t o  show how f a r  f ro m  c o m p le te  s t u d i e s  

o f  t h i s  n a t u r e  have b e e n .  VJe have b een  u n a b le  t o  p ro d u c e  

a  t h e o r y  t o  r i v a l  t h a t  o f  p r e v io u s  a u t h o r s .  S u ch  a  t h e o r y  

seem s a t  t h i s  s t a g e  t o t a l l y  u n j u s t i f i e d .
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SUmiARY

1 .  The zone  o f  maximum e l o n g a t i o n  v/as l o c a t e d  i n  u n i f o r m  

p e a  r o o t s  by e x c i s i n g  d i f f e r e n t  l e n g t h s  o f  t i p ,  a n d  th e  u s e  

o f  two l e n g t h s  o f  s e c t i o n s ,  3 .3 9  an d  1 .9 8  mm. lo n g .

2 .  S e c t i o n i n g  h ad  no s t i m u l a t o r y  e f f e c t  on s u b s e q u e n t  

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

3 .  A t e c h n i q u e  v/as e l a b o r a t e d  by w h ic h  s e c t i o n s  w ere t a k e n  

2 .0  mm. f rom  th e  t i p ,  an d  c u l t u r e d  In  sa m p le s  o f  25 s h o r t  o r  

12 lo n g  s e c t i o n s  i n  sh a k e n  p e t r i - d i s h e s  a t  26^0 i n  t h e  d a r k .  

A f t e r  d e s i r e d  t im e  i n t e r v a l s  t h e  sam p les  w ere  rem oved , p l a c e d  

i n  Vifarburg f l a s k s  f o r  d e t e r m i n a t i o n  o f  t h e i r  oxygen a b s o r p t i o n ,  

a n d  t h e i r  l e n g t h s  m e a su re d  a t  t h e  e n d  o f  t h i s  d e t e r m i n a t i o n .

A new sam ple  was u s e d  f o r  e a c h  d e t e r m i n a t i o n .  A s o l u t i o n  o f  

0 . 5 ^  s u c r o s e  gave m axim al e l o n g a t i o n  an d  was g e n e r a l l y  s e l e c t e d  

a s  t h e  " c o n t r o l "  medium.

4 .  A t y p i c a l  8 - s h a p e d  cu rv e  o f  e l o n g a t i o n  a g a i n s t  t im e  was 

o b t a i n e d ,  b u t  g ro w th  c o n t in u e d  f o r  a l o n g e r  p e r i o d  i f  s u c r o s e  

was p r e s e n t .

5 . I f  no  s u c r o s e  was p r e s e n t  th e  r e s p i r a t i o n  /  sam ple  f e l l  

o f f  s lo w ly  w i t h  t im e  o v e r  th e  e x p e r i m e n t a l  48 h o u r  p e r i o d .  

Hov/ever i f  s u c r o s e  i s  p r e s e n t  th e  r e s p i r a t i o n  i n c r e a s e s  t o  a 

maximum w h ic h  i s  f o l lo w e d  by a  f a l l  a f t e r  24  h o u rs  .

6 . The g ro v /th  /  r a t e /  u n i t  t im e  i n c r e a s e s  t o  a  maximum a t

12 h o u rs  i n  s u c r o s e .  The g ro w th  r a t e  maximum an d  r e s p i r a t i o n  

r a t e  maximum do n o t  c o - i n c i d e .

7 . The r e s p i r a t i o n  r a t e  /  u n i t  l e n g t h  d e c r e a s e s  w i t h  t i m e .
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8 . I n d o l y l  a c e t i c  a c i d  i n c r e a s e s  t h e  e l o n g a t i o n  o f  s e c t i o n s  

i f  t h e  c o n c e n t r a t i o n  i s  low b a t  h i g h  c o n c e n t r a t i o n s  i n h i b i t  

e l o n g a t i o n .

9. This auxin has no initial stimulatory effect on respiration, 
and change in respiration rates above or below normal at 
further time periods can entirely be accounted for by change in 
length of the sections.
10. The effects of the inhibitors, sodium arsenate, 
dinitrophenol and iodoacetic acid were determined at pH 7.0 
including simultaneous respiratory and length measurements.
11. One concentration of sodium arsenate, 10"%, was 
stimulatory to respiration rate (after the initial period of 
penetration had elapsed) but at the same time inhibited the 
elongation of the sections 65^).
1 2 . H ig h e r  c o n c e n t r a t i o n s  w ere  i n h i b i t o r y  t o  b o th  g ro w th  

an d  r e s p i r a t i o n .

13. Ho stimulation occurred unless sucrose was present, and 
sucrose increased the inhibitory effect of arsenate on 
respiration and growth.
14. The stimulation by arsenate of respiration rate is 
removed if auxin is present.
15. The stimulation of respiration by 1 0 " %  arsenate is 
completely reversed by a concentration of 1 0 " %  potassium 
dihydrogen phosphate.
16. D i n i t r o p h e n o l  h a a  a  s i m i l a r  e f f e c t  on g ro w th  a n d  

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

These  c o n c e n t r a t i o n s  a r e  a l l  i n h i b i t o r y  t o  e l o n g a t i o n .

1 7 .  D i n i t r o p h e n o l  a c t i o n  c a n n o t  be r e v e r s e d  by p h o s p h a t e ,  i f  

t h e  p h o s p h a te  i s  added  a t  t h e  same t im e  o r  s u b s e q u e n t  t o  th e  

d i n i t r o p h e n o l .  I f  hov/ever p h o s p h a te  i s  ad d ed  p r e v i o u s l y

th e  s y s te m  i s  " p r o t e c t e d "  a g a i n s t  d i n i t r o p h e n o l  a c t i o n .

T h is  was t h o u g h t  t o  be due t o  t h e  r e l a t i v e  r a t e s  o f  p e n e t r a t i o n  

o f  d i n i t r o p h e n o l  an d  p h o s p h a te  i o n s .

1 8 .  A uxin  i n c r e a s e s  t h e  s t i m u l a t o r y  a c t i o n  o f  d i n i t r o p h e n o l  

on r e s p i r a t i o n .

1 9 .  I o d o a c e t a t e  i n h i b i t s  g ro w th  and  r e s p i r a t i o n  t o  t h e  same 

e x t e n t  i n  a l l  c o n c e n t r a t i o n s  s t u d i e d .  I f  a u x in  i s  p r e s e n t  

i n  lev/ c o n c e n t r a t i o n s ,  i o d o a c e t a t e  may n o t  be i n h i b i t o r y  b u t  

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

i o d o a c e t a t e  i s  a g a in  i n h i b i t o r y .  A t h e o r y  o f  m u tu a l  r e d u c t i o n  

o f  " e f f e c t i v e "  c o n c e n t r a t i o n s  i s  d i s c u s s e d .

2 0 . L'lalate i n c r e a s e s  a u x in  a c t i o n  i n  g ro w th  an d  r e s p i r a t i o n  

i f  s u c r o s e  i s  p r e s e n t .

2 1 .  M ala te  " p r o t e c t s "  a g a i n s t  i o d o a c e t a t e  i n h i b i t i o n  i n  th e  

a b s e n c e  o f  a u x i n .

2 2 .  I f  i o d o a c e t a t e ,  m a la te  and  i n h i b i t o r y  a u x in  a r e  a l l  p r e s e n t ,  

r e s p i r a t i o n  an d  e l o n g a t i o n  a r e  r e d u c e d  t o  a  v e r y  low v a l u e .

2 3 .  2 . 4 . d i c h lo r o p h e n o x y a c e t i c  a c i d  seems t o  have s i m i l a r  

e f f e c t s  t o  i n d o l y l  a c e t i c  a c i d  i n  i n s t a n c e s  t r i e d .

2 4 .  A r e p e a t  o f  th e  w ork o f  C h r i s t i a n s e n  an d  Thimann (1950)

y i e l d e d  s e v e r a l  im p o r ta n t  d i f f e r e n c e s .
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2 5 .  Some i n a c c u r a c i e s  i n  c u r r e n t  b io c h e m ic a l  l i n e s  

o f  r e a s o n in g  a r e  p o i n t e d  o u t .
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p a r t i c u ' ^ . o . r  r e - ^ e r o n c e  t o  r u y i n  r  c t i o n ,  ”

Ar'-nnv«tA‘s/ UU

T h e  ?one o f  n m x i m u j r i  e l o n g a t i o n  w a s  l o c a t e d  i n  u n i f o r m  pea

ro o ts  oy use o f t,/o d if fe r e n t  len gth s o f se c t io n  taken at

varying d i s t a n c e s  f r o m  t h e  tip*

S e c t i o n i n g  i - a d  n o  s t i m u ?  a i : o i g -  e f f e c t  o n  the r e s p i r a t i o n  o f  

root t i s s u e -

T h e  e l o n g a t i o n  o f  s e c t i o n s  fo"lo\.ed a  t y p i c a l  S - s h a p e d  c u r v e  

o f  g r o ? ; / t h  /  tim e. I f  g r o v d c h - r o t e  w a s  p l o t t e d  ,  t h e r e  r / a s  a  maximum

a t  1 2  hours. T h i s  e f f e c t  was o n l y  w e l l  defined i f  s u c r o s e  i - v a s

p resen t.

T h e  r e s p i r a t i o n  r a t e  /  s e j n p l e  i n c r e a s e d  u p t o  r .  m a x i m u m  a t  

24 hours i n  s u c r o s e  ,  - a f t e r  which i t  f e l l .  The r e s _ i r a . t i o n  ra te

and g r o i . d h  ra te  m a x i m a  d i d  n o t  co -in c id e  .  I n  t h e  a b s e n c e  o f

s u c r o s e  there w a s  no r e sp ira tio n  ra te  m a z d m n m

T h e  c u r v e  o f  r e s p i r a t i o n  r a t e  /  u n i t  e n g t h  s h o w s  n o  ^ m x i r a u m  .

A u x i n  s t i m u l a t e s  t - . o  - -.— - ' 2  o f  root se c tio n s  i f  present i n  v c i p r

l o w  c one entrât ions . H i g h e r  c o n ^  -""a t  ions a r e  i a h i o - V t o i p w

T h e r e  i s  n o  i ^ û t i a ' ^  e f - ^ c  - t  ' ' • r . x i n  o n  I ' - - i o n .  .

E ffe c ts  o f a u x i n  sjfter a  la p se  o f  t i m e  are v i i o l l y  a ttr ib u ta b le

to  e f f e c t s  on the len gth .
-5

Concentrations o f 10 M sodiura arsenate and d in itrophenol were 
found to  be stim ulatory to  the r esp ira tio n  a t the same tim e

as growth v/as in h ib ite d .

Higher concentrations o f arsenate and din itrophenol were in h ib ito ry

to  both growth a n d  resp ira tio n .



(2 )

Phosphate ,  added a t the same time as inJriibitor , m i l  prevent the  

normal e f f e c t  o f arsenate , which i s  slow -penetrating ; but the e f fe c t  

o f  the quickly pen etratin g  d in itrophenol i s  not reversed .

lodoe.cetate in h ib it s  growth and r esp ira tio n  to  the same extent  

in  the absence o f  au x in  . Au^cin prevents in liib it io n  , i f  used 

a t a su ita b le  concentration .

iüalate "protects" aga in st the a c tio n  o f iod oacetate  in  the  

absence o f auxin.

However , i f  m alate , iod oacetate  and auxin are a l l  present , 

m etabolic a c t i v i t i e s  are reduced to  a very lovf l e v e l .


