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EXCHANGE STUDIES OF P ^2  AND P3 1  IN PLANTS

INTRODUCTION

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

t h e  sam e e le m e n t  i s  o n e  o f  th e  fu n d a m e n ta l  t e c h n i q u e s  u s e d  i n  v a r io u s  

p h a s e s  o f  w o rk .  T h is  t e c h n iq u e  i s  b a s e d  o n  th e  a s s u m p t io n  t h a t  a l l  

p r o p e r t i e s  o f  d i f f e r e n t  i s o t o p e s  o f  a n  e le m e n t  a r e  t h e  same e x c e p t  

t h e  m ass  an d  th e  r a d i o a c t i v i t y ,  so  t h a t  t h e  d i f f e r e n t  i s o t o p e s  

becom e d i s t r i b u t e d  h o m o g e n e o u s ly  i n  t h e  s o l u t i o n  w i t h  t h e  o r d i n a r y  

i s o to p e  a c t i n g  a s  a  c a r r i e r ,  p l a n t s  a b s o r b  th em  i n  t h e  same p r o p o r 

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

some e x c h a n g e  r e a c t i o n  b e tw e e n  th e  d i f f e r e n t  i s o t o p e s  may t a k e  p l a o e .  

H ev esy  (5 )  h a s  d e m o n s t r a te d  t h a t  r a d i o l e a d  w as r a p i d l y  t a k e n  up  by  

t h e  r o o t s  o f  t h e  h o r s e  b e a n  p l a n t  ( V ic ia  f a b a ) .  "When th e  r o o t s  w e re  

s u b s e q u e n t ly  im m ersed  i n  a  s o l u t i o n  c o n t a i n i n g  a  h ig h  c o n c e n t r a t i o n  

o f  n o rm a l l e a d ,  m o s t o f  t h e  r a d i o l e a d  d i f f u s e d  i n t o  t h e  e x t e r n a l  

s o l u t i o n .  T h is  phenom enon may be e x p l a i n e d  a s  a  r e s u l t  o f  th e  e x c h a n g e  

r e a c t i o n  b e tw e e n  r a d i o l e a d  an d  n o rm a l l e a d .  A t e q u i l i b r i u m ,  t h e  r a d i o 

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

n o rm a l l e a d  i n  t h e  s o l u t i o n .  O v e r s t r e e t  an d  h i s  a s s o c i a t e s  (2 ,  8 ,  1 4 ) ,  

w o rk in g  w i t h  r a d i o a c t i v e  p o ta s s iu m ,  h av e  o b s e r v e d  a  s i m i l a r  e x c h a n g e  

phenom enon b e tw e e n  th e  r o o t s  o f  b a r l e y  an d  th e  c u l t u r e  m edium . 

M c A u l l i f f e  e t  a l  ( 1 2 ) ,  b y  u s in g  r a d io p h o s p h o r u s  p 3 2 , w e re  a b l e  t o  s tu d y  

t h e  e x c h a n g e  b e tw e e n  p h o s p h a te  on  t h e  s u r f a c e s  o f  s o i l  m in e r a l s  w i t h
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p h o s p h a te  i n  t h e  s o l u t i o n .  They c o n c lu d e d  t h a t  a  r a p i d  e x c h a n g e  

b e tw e e n  p h o s p h a te  i n  t h e  s o l u t i o n  a n d  p h o s p h a te  on  t h e  s u r f a c e  t a k e s  

p l a c e .  O ls e n  ( 1 3 ) ,  t a k i n g  t h e  a d v a n ta g e  o f  t h i s  e x c h a n g e  p r o p e r t y  

o f  t h e  i s o t o p e s  h a s  m e a su re d  t h e  am ount o f  p h o s p h a te  on  t h e  s u r f a c e s  

o f  h y d r o x y l a p a t i t e  and  p h o s p h a te  ro c k  w i t h  r a d i o a c t i v e  p h o s p h o ru s  

p 3 2 . Tiyhether t h e  same e x c h a n g e  r e a c t i o n  o c c u r s  w i t h i n  t h e  p l a n t  a n d  

i t s  p o s s i b l e  s i g n i f i c a n c e  i n  p l a n t  s t u d i e s  u s i n g  r a d i o i s o t o p e s  a s  

t r a c e r s  h av e  n o t  b e e n  r e p o r t e d .  I t  i s  f o r  t h e s e  p u rp o s e s  t h a t  th e  

p r e s e n t  i n v e s t i g a t i o n  w as c o n d u c te d .  The i s o t o p e s  u s e d  w e re  r a d i o 

a c t i v e  p h o s p h o ru s ,  p32 and  t h e  s t a b l e  fo rm  p 3 1 .



METHODS OF EXPERIMENTATION 

C u l t u r a l  M ethod

A l l  e x p e r im e n ts  i n  t h i s  s tu d y  w e re  c a r r i e d  o u t  i n  t h e  g r e e n -  

h u o s e  a t  t h e  O hio  A g r i c u l t u r a l  E x p e r im e n t S t a t i o n  d u r in g  1953 an d  

1954* The p l a n t s  u s e d  w e re  c o r n ,  to m a to  an d  so y b ea n *  The c o r n  p l a n t s  

w e re  grow n i n  g r a v e l  c u l t u r e s  c o n s i s t i n g  o i  a  3 - g a l l o n  s l o p i n g  bottom 

p o t  w i t h  a  5 - g a l l o n  b o t t l e  s e r v i n g  a s  a  r e s e r v o i r  f o r  t h e  m i n e r a l  

n u t r i e n t  s o l u t i o n *  The to m a to  p l a n t s  w e re  grow n i n  3 - g a l l o n  g la s e d *  

f l a t  b o t to m  p o t s  i n  w h ic h  t h e  lo w e r  p a r t  w as f i l l e d  w i t h  q u a r t s  

g r a v e l  an d  t h e  u p p e r  h a l f  w i t h  san d *  The u s e  o f  s a n d  k e p t  t h e  s m a ll*  

l i g h t  s e e d s  o f  to m a to  i n  p l a c e  w hen t h e y  w e re  b e in g  i r r i g a t e d *  The 

so y b e a n  p l a n t s  w e re  g row n  i n  p u re  s a n d  c u l t u r e s *  F o u r te e n  l i t e r s  o f  

t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  w e re  k e p t  i n  t h e  r e s e r v o i r  f o r  to m a to  

a n d  so y b e a n  p l a n t s ,  an d  f i f t e e n  an d  tw o  t e n t h  l i t e r s  f o r  c o rn *  The 

c u l t u r e s  w e re  i r r i g a t e d  s e v e n  t im e s  a  d a y ,  onoe e v e r y  tw o  h o u r s  fro m  

8  a*  m* u n t i l  6  p* m . w i t h  t h e  s e v e n th  i r r i g a t i o n  b e in g  made a t  m id 

n i g h t ,  The t im e  f o r  i r r i g a t i o n s  w as c o n t r o l l e d  a u t o m a t i c a l l y  b y  a  

t im e  d o c k *  The i r r i g a t i o n  s y s te m  w as s o  a r r a n g e d  t h a t ,  w h en , i r r i 

g a t i n g ,  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  i n  th e  r e s e r v o i r s  w as f o r c e d  

u p  i n t o  t h e  p o t s  b y  low  a i r  p r e s s u r e  fro m  a  s m a l l  C r o w e l l - ty p e  a i r  

pump* TWhen t h e  pump s to p p e d ,  t h e  s o l u t i o n  d r a in e d  b a c k  i n t o  t h e  

r e s e r v o i r  b y  a l l o w in g  t h e  a i r  i n  t h e  s o l u t i o n  b o t t l e  t o  be  f o r c e d  

b a c k  th r o u g h  t h e  pump a n d  th e  b y - p a s s  v a lv e s *

R a in  w a te r  w a3 u s e d  i n s t e a d  o f  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  

i n  t h e  r e s e r v o i r  a t  f i r s t  a n d  th e n  r e p l a c e d  b y  t h e  l a t t e r  one w eak

3



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

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

g iv e n  i n  T a b le  I .  The s o l u t i o n s  f o r  c o r n  an d  s o y b e a n  w e re  t h o s e  

w h ic h  h a v e  b e e n  i n  u s e  a t  t h e  O hio  A g r i c u l t u r a l  E x p e r im e n t  s t a t i o n ,  

w h i l e  f o r  to m a to ,  A rn o n  a n d  H o a g la n d f s s o l u t i o n  w as u s e d  ( 1 ) .  T h ese  

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

s e n t  s t u d i e s .  B e s id e  t h e  m a jo r  n u t r i e n t  e l e m e n t s ,  t h e  m ic r o m e ta b o l ic  

e l e m e n ts  w e re  a l s o  u s e d  i n  t h e  s o l u t i o n .  T hey  w e re  b o r o n ,  m a n g a n e s e , 

z i n c ,  c o p p e r ,  m olybdenum , v a n a d iu m , ch ro m iu m , n i c k e l ,  c o b a l t  an d  

t u n g s t e n .  A c o n c e n t r a t i o n  o f  0 .2 5  ppm w as U3ed  i n  t h e  n u t r i e n t  s o l u 

t i o n s  f o r  b o ro n  an d  m a n g a n e s e , 0 .0 2 5  ppm f o r  z i n c ,  0 .0 1  p p a  f o r  

c o p p e r  a n d  0 ,0 0 5  ppm f o r  a l l  o t h e r s .  I r o n  w as a d d e d  i n  t h e  fo rm  o f  

f i n e l y  g ro u n d  m a g n e t i t e  d i r e c t l y  t o  t h e  g r a v e l  c u l t u r e s  f o r  E x p e r i 

m e n ts  I  a n d  I I I ,  an d  f o r  E x p e r im e n ts  I I ,  1 7  an d  V, an  i r o n - c o n t a i n i n g  

c h e l a t i n g  com pound " S e q u e s t r e n e  N ape" a t  a  c o n c e n t r a t i o n  o f  3 ppm 

o f  i r o n  w as u s e d .  T h is  i s  a  t e c h n i c a l  com pound o f  so d iu m  f e r r i c  

e th y le n e d ia m in e  t e t r a - a c e t a t e  m o n o h y d ra te ,  a  p r o d u c t  o f  t h e  A l r o s e  

C h e m ic a l Com pany. The m i n e r a l  n u t r i e n t  s o l u t i o n  w as f i r s t  i n t r o d u c e d  

a t  h a l f  u n i t  s t r e n g t h  i n  a l l  e x p e r im e n t s  e x c e p t  E x p e r im e n t  I I ,  an d  

t h e r e a f t e r  re n ew ed  e v e r y  o t h e r  w eek  w i t h  f u l l  u n i t  s t r e n g t h  u n t i l  

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

m e n ts  w e re  m a d e . I n  E x p e r im e n t  I I ,  a  f u l l  u n i t  s t r e n g t h  s o l u t i o n  w as 

u s e d  a t  t h e  b e g in n in g  an d  a  h a l f  u n i t  p h o s p h o r u s - f r e e  s o l u t i o n  w as 

ad d e d  t o  t h e  o r i g i n a l  one tw o  w eek s  l a t e r .  The s o l u t i o n  re m a in e d
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T a b le  I*  C o m p o s it io n  o f  t h e  M in e r a l  N u t r i e n t  S o lu t i o n s  
U sed  i n  t h e  E x p e r im e n ts

E le m e n t

E x p e r im e n t
C h em ica l

fo rm
I

(C o rn )
I I

(C o rn )
I I I

(C o rn )
IV  

(T o m ato )
V

(S o y b ea n )

p pn ppm ppm ppm ppm

Sodium S u l f a t e 29 29 2£ 0 0

P o ta s s iu m C h lo r id e 38 38 38 0 58
N i t r a t e 69 69 69 390 0
F h o s p h a te 13 26 13 0 58

T o t a l 1 2 0 153 1 2 0 390 116

C a lc iu m C h lo r id e 0 0 0 0 51
N i t r a t e 1 0 0 1 0 0 1 0 0 1 2 0 129

T o t a l 1 0 0 1 0 0 1 0 0 1 2 0 180

Magne s ium S u l f a t e 2 0 2 0 2 0 48 55

N i t r o g e n S u l f a t e 6 5 5 0 10
(NH4 -N ) P h o s p h a te 0 0 0 28 0

T o t a l 5 5 _5 28 K>

N i t r o g e n C a - s a l t 70 70 70 84 90
(NO3 -N ) K - s a l t 25 2 5 25 141 0

T o t a l 95 95 95 2 2 5 90

P h o s p h o ru s NH4 - s a l t 0 0 0 62 0
(P 0 4 -P ) K - s a l t 1 0 2 0 1 0 0 45

T o ta l 10 2 0 1 0 62 4 5

S u l f u r N H ^ -s a l t 6 6 6 0 12
(SO4 - S ) M g - s a l t 26 26 26 64 75

N a - s a l t 2 0 2 0 2 0 0 0
T o ta l 52 52 52 64 87

C h lo r in e C a - s a l t 0 0 0 0 90
(C l- C l ) K - s a l t 35 35 35 0 53

T o t a l 35 35 35 0 1431 m* 1 '■

* The f i g u r e s  u n d e r l i n e d  i n d i c a t e  t h e  t o t a l  c o n c e n t r a t i o n  
o f  t h e  e le m e n t  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n .  T hose 
fro m  t h e  s a l t s  o f  t h e  m ic r a m e ta k l ic  e l e m e n ts  a r e  n o t  
i n c l u d e d .



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

D e s c r i p t i o n  Of The E x p e r im e n ts

I n  t h i s  s t u d y ,  a  t o t a l  o f  f i v e  g re e n h o u s e  e x p e r im e n ts  w ere  

c o n d u c te d ,  t h r e e  f o r  c o r n  a n d  one e a c h  f o r  to m a to  a n d  s o y b e a n .

S in c e  t h e  d a t e s  o f  p l a n t i n g  a n d  h a r v e s t i n g  a s  w e l l  a s  t h e  am o u n ts  

o f  p32 jmd p31  u s e d  w e re  n o t  t h e  sam e , i t  i s  n e o e s s a r y  t o  d e s c r i b e  

e a c h  e x p e r im e n t  s e p a r a t e l y .

E x p e r im e n t  I  T h is  e x p e r im e n t  w as o o n d u o te d  i n  t h e  sum m er o f  

1 9 5 3 . P o u r s e e d s  o f  W64, a n  Ohio d o u b le  c r o s s  c o r n  h y b r i d ,  w e re  

p l a n t e d  i n  e a c h  p o t  on  A p r i l  2 4 .  The s e e d l i n g s  em erg ed  on  A p r i l  3 0 .  

T hey  w e re  t h i n n e d  on  May 11 t o  tw o  p e r  p o t  a n d  t h e  m i n e r a l  n u t r i e n t  

s o l u t i o n  w as i n t r o d u c e d .  On Ju n e  5 , t h e  p l a n t s  i n  e a c h  p o t  w e re  t h i n 

n ed  t o  one a n d  o n  J u l y  7 ,  w hen th e  c o r n  e n t e r e d  t h e  t a s s e l i n g  s t a g e ,  

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

a l l  e le m e n ts  b u t  p h o s p h o ru s  w as i n t r o d u c e d  i n  e a c h  c u l t u r e .  D i f f e r e n t  

l e v e l s  o f  ?32  a n d  p 31  w e re  a d d e d  t o  t h e  s o l u t i o n  t o  g iv e  t h e  d i f f e r e n t  

t r e a t m e n t s .  E a c h  t r e a t m e n t  w as r e p l i c a t e d  t h r e e  t i m e s .  The am oun t o f  

p32 a d d e d ,  t h e  c o n c e n t r a t i o n  o f  p 31  i n  t h e  s o l u t i o n  an d  t h e i r  u n i t  

r a t i o  a r e  t a b u l a t e d  a s  show n on th e  f o l l o w i n g  p a g e .
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T o t a l  p32 
T re a tm e n t  a d d e d  

mo*

Cone* o f  p3 1  u n i t *  r a t i o  o f
i n  s o l u t i o n  p32 , p31

p p a

A
B
C
D

0
1
1
1

10
0

10
200

0 , 1 
1 ) 0 
1 * 1
1 i 20

* A ssa y e d  on  J u l y  2 ,  1953 a t  t h e  Oak R id g e  L a b o r a to r y  
a n d  th e  q u a n t i t y  o f  p32 w as n o t  c o n v e r te d  t o  t h a t  
a t  t h e  t im e  t h e  i s o t o p e  w as u se d *

+ One m o. o f  p32 i n  1 5 . 2 - l i t e r  s o l u t i o n  an d  a  c o n c e n 
t r a t i o n  o f  1 0  ppm o f  p31  a r e  c o n s id e r e d  a s  one u n i t  
o f  P3^ a n d  p31  r e s p e c t i v e l y #

T en  d a y s  a f t e r  t h e  t r e a t m e n t s  w e re  m ade* t h e  p l a n t s  w e re  h a r 

v e s t e d  an d  d i s s e o t e d  i n t o  u p p e r  an d  lo w e r  le a v e s *  stem *  e a r  an d  

r o o t s #  A l l  s a m p le s  w e re  o v e n - d r i e d  a t  7 0  °C f o r  t h r e e  d a y s*

E x p e r im e n t I I  p o u r  c o r n  s e e d s  o f  W64 w e re  p l a n t e d  i n  e a c h  

c u l t u r e  on  J u l y  2 8 ,  1954 r i g h t  a f t e r  t h e  f i r s t  i r r i g a t i o n  o f  t h e  

w a sh e d  g r a v e l .  The s e e d l i n g s  a p p e a re d  on  A u g u s t 1# On A u g u s t 1 7 , 

t h e y  w e re  t h i n n e d  t o  tw o i n  e a o h  p o t#  The m i n e r a l  n u t r i e n t  s o l u t i o n  

w as  i n t r o d u c e d  on  A u g u s t 18# R re v io u s  t o  t h i s *  t h e  c u l t u r e s  w e re  

i r r i g a t e d  w i t h  r a i n  w a te r #  S in c e  t h i s  e x p e r im e n t  w as d e s ig n e d  t o  

s e r v e  a s  a  r e f e r e n c e  f o r  e x o h a n g e  s t u d i e s  b e tw e e n  p31 an d  p32* t h e  

d i f f e r e n t  t r e a t m e n t s  w e re  m ade i n  t h e  v e r y  b e g in n in g  b e f o r e  an y  

a c c u m u la t io n  o f  p S l  i n  t h e  t i s s u e s  c o u ld  o c c u r#  I n i t i a l l y  a  w h o le  

u n i t  o f  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  c o n t a i n i n g  p 31  w as in t r o d u c e d  

w i t h  a d d i t i o n a l  p31  a n d  d i f f e r e n t  am o u n ts  o f  p32 f o r  v a r i o u s  t r e a t 

m e n ts .  Two w eek s  a f t e r  t h i s *  a  h a l f  u n i t  s t r e n g t h  s o l u t i o n  e x c lu d in g  

p h o s p h o ru s  w as ad d e d  t o  t h e  o r i g i n a l  s o l u t i o n  i n  o r d e r  t o  m e e t th e  

n u t r i e n t  r e q u i r e m e n t  o f  r a p i d l y  g ro w in g  p l a n t s .  The am o u n ts  o f  p32
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an d  p 31  a d d e d  t o  t h e  s o l u t i o n  f o r  d i f f e r e n t  t r e a t m e n t s  w e re*

T o t a l  p32 C o n e , o f  p31  u n i t +  r a t i o  o f  
T re a tm e n t  a d d e d  i n  s o l u t i o n  p32 , p31

me* ppm

A 0 .1 5 6  2 0  1 * 1
B 0 .1 5 6  4 0  1 * 2
C 0 .1 6 6  100 1 * 5
D 0 .3 1 2  4 0  2 , 2
E 0 .7 8 0  100 5 * 5

*  A ssa y e d  on  A u g u s t 1 6 ,  1954 a t  t h e  Oak R id g e  L a b o r a to r y  
an d  t h e  q u a n t i t y  o f  p32 w as n o t  c o n v e r t e d  t o  t h a t  a t  
t h e  t im e  t h e  i s o t o p e  w as u s e d .

+ 0 .1 5 6  m o. o f  p32 i n  1 5 .2 - l i t e r  s o l u t i o n  an d  a  c o n c e n 
t r a t i o n  o f  2 0  ppm o f  p31  a r e  c o n s i d e r e d  a s  one u n i t  
o f  p32 an d  p31  r e s p e c t i v e l y .

On S e p te m b e r 1 5 ,  f o u r  w e e k s  a f t e r  t h e  i n t r o d u c t i o n  o f  d i f f e r e n t  

t r e a t m e n t s ,  t h e  p l a n t s  w e re  h a r v e s t e d  an d  d i s s e c t e d  i n t o  l e a v e s ,  

s te m s  an d  r o o t s .  The t i s s u e s  f ro m  t h e  tw o  p l a n t s  i n  e a o h  p o t  w e re  

oo m b in ed  f o r  a n a l y s i s .

E x p e r im e n t  I I I  T h is  e x p e r im e n t  w as a  r e p e t i t i o n  o f  t h e  one 

o o n d u c te d  i n  1 9 5 3 . The p l a n t s  w e re  s e e d e d  on  A p r i l  2 6 ,  1954 w i t h  

f o u r  o o rn  s e e d s  o f  W64 i n  e a c h  p o t .  F iv e  d a y s  l a t e r ,  t h e  s e e d l i n g s  

a p p e a r e d  a n d  o n  May 7 ,  a  one h a l f  u n i t  s t r e n g t h  o f  t h e  m i n e r a l  

n u t r i e n t  s o l u t i o n  w as i n t r o d u c e d .  A w eek  l a t e r ,  t h e  p l a n t s  w e re  

t h i n n e d  t o  tw o a n d  on  May 1 7 , t o  one i n  e a c h  p o t .  On J u n e  1 0 ,  t h e  

t r e a t m e n t s  a s  shown on  n e x t  p ag e  w e re  g i v e n .
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T o t a l  p32 C o n e , o f  p 31 Unit*' r a t i o
itm e n t a d d e d i n  s o l u t i o n p32 , p  31

mo* PP®

A 0 .2 7 0 1  t  o
B 0 .2 7 1 0 1  t 1
C 0 .2 7 50 1  : 5
D 0 .2 7 1 0 0 1  t  1 0
E 0 .5 4 2 0 2  t  2
F 1 .5 5 50 5 : 5

* A s s a y e d  on  J u n e  7 ,  1954 a t  t h e  Oak R id g e  L a b o r a to r y .
The q u a n t i t y  o f  pS2 w as n o t  c o n v e r t e d  t o  t h a t  a t  
t h e  t im e  t h e  i s o t o p e  w as u s e d .

+ 0 .2 7  m o. o f  p32 i n  1 5 . 2 - l i t e r  s o l u t i o n  a n d  a  c o n c e n 
t r a t i o n  o f  1 0  ppm o f  p 31  a r e  c o n s i d e r e d  a s  one u n i t  
o f  p32 an d  p 3 1  r e s p e c t i v e l y .

The t a s s e l s  a p p e a re d  on  Ju n e  1 5 .  H ow ever, n o  p o l l e n  h a d  b e e n  

fo rm e d  w hen th e  p l a n t s  w e re  h a r v e s t e d  o n  J u n e  2 1 .  The p l a n t s  w e re  

d i s s e c t e d  i n t o  t a s s e l ,  u p p e r  an d  lo w e r  l e a v e s ,  s te m s  an d  r o o t s .

E a r s  h a d  s t a r t e d  t o  fo rm  b u t  w e re  co m b in ed  w i t h  s h e a th  a n d  s te m  f o r  

a n a l y s i s .

E x p e r im e n t  IV  Tom ato p l a n t s  w e re  u s e d  i n  t h i s  e x p e r im e n t .  

F i f t e e n  t o  tw e n ty  to m a to  s e e d s  o f  R u tg e r s  v a r i e t y  w e re  p l a n t e d  i n  

e a o h  p o t  on  May 2 0 ,  1 9 5 4 . The s e e d l i n g s  w e re  v i s i b l e  i n  f i v e  d a y s .  

The p l a n t s  w e re  t h i n n e d  t o  f i v e  o n  J u n e  1 5 , an d  t o  tw o i n  e a c h  p o t  

on  J u n e  2 1 .  T h ese  tw o p l a n t s  w e re  a l lo w e d  t o  g row  u n t i l  m a tu re  b u t  

o n ly  one o f  th em  w as u s e d  f o r  a n a l y s i s .  The p l a n t s  grew , v i g o r o u s l y  

t h r o u g h o u t  t h e  e x p e r im e n t .  F lo w e rs  a p p e a r e d  on  J u l y  15 a n d  one 

w eek  l a t e r ,  f r u i t s  s t a r t e d  t o  f o r m . On A u g u s t 5 ,  t h e  f o l l o w in g  

t r e a t m e n t s  w e re  m ad et
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T o t a l  p32 C o n e , o f  p 31 U nit*’ r a t i o
T re a tm e n t a d d e d i n  s o l u t i o n p32 , p31

m ot p p n

A 0 .2 5 6 0 1  t  o
B 0 .2 5 6 62 1 I 1
C 0 .2 5 6 124 1  « 2
D 0 .2 5 6 2 4 8 1 * 4
E 0 .5 1 2 124 2  ,  2
F 1 .0 2 4 2 48 4  ,  4

* A s s a y e d  on J u l y  2 2 ,  1954  a t  t h e  Oak R id g e  L a b o r a to r y .  
The q u a n t i t y  o f  p32 w as n o t  c o n v e r te d  t o  t h a t  a t  t h e  
t im e  t h e  i s o t o p e  w as u s e d .

+ 0 .2 5 6  m o. o f  p32 i n  1 4 - i i t e r  s o l u t i o n  an d  a  c o n c e n 
t r a t i o n  o f  62 ppm o f  p 31  a r e  c o n s i d e r e d  a s  one u n i t  
o f  p32 an d  p3 1  r e s p e c t i v e l y .

The p l a n t s  w e re  h a r v e s t e d  on  A u g u s t 2 0 ,  1954  a n d  d i s s e c t e d  

i n t o  l e a f  b l a d e s ,  s te m  ( i n c l u d i n g  b r a n c h )  a n d  f r u i t s .  R o o ts  w e re  

n o t  a n a ly z e d .

E x p e r im e n t  V E i g h t  s o y b e a n  s e e d s  o f  L in c o ln  v a r i e t y  w e re  

p l a n t e d  i n  e a c h  p o t  o n  J u n e  1 6 .  The p l a n t s  w e re  t h i n n e d  t o  f i v e  i n  

e a c h  p o t  on J u n e  2 7 .  The p l a n t s  g re w  v i g o r o u s l y  a n d  s t a r t e d  f l o w e r in g  

o n  J u l y  21  a n d  b y  A u g u s t 5 ,  p o d s h a d  fo rm e d .  V a r io u s  t r e a t m e n t s  w e re  

m ade o n  A u g u s t 18 a s  f o l l o w s ]

T o t a l  p32 C o n e , o f  p31  U n i t* R a t io  o f
T re a tm e n t a d d e d  i n  s o l u t i o n  p32 ,  p31

me* ppm
A 0 .1 5 6  0  1 j 0
B 0 .1 5 6  4 5  1 , 1
C 0 .1 5 6  90  1 , 2
D 0 .1 5 6  2 2 5  1 , 5
E 0 .5 1 2  90  2 , 2
p 0 .7 8 0  2 2 5  5 , 5

* A ssa y e d  on  A u g u s t 1 6 , 1954 a t  t h e  Oak R id g e  L a b o r a to r y .
+ 0 .1 5 6  m e . o f  p32 i n  14 - l i t e r  s o l u t i o n  a n d  a  c o n c e n t r a 

t i o n  o f  4 5  ppm o f  p31  a r e  c o n s id e r e d  a s  one u n i t  o f  
p32 an d  p S l  r e s p e c t i v e l y .
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The p l a n t s  w e re  h a r v e s t e d  on  A u g u s t 30* T hey  w e re  th e n  d i s s e c t e d  

i n t o  b l a d e s ,  s te m s  a n d  p o d s  (w i th  s e e d s ) *  H o o ts  w e re  n o t  sam p led *

I t e p a r a t i o n  Of S am p les  And M ethods Of A n a ly s i s  

A f t e r  t h e  p l a n t s  w e re  h a r v e s t e d  a n d  d i s s e c t e d ,  t h e  s a m p le s  

w e re  k e p t  i n  a  70 °c  o v en  f o r  t h r e e  d a y s ,  t h e n  g ro u n d  a n d  p a s s e d  

th r o u g h  a  3 0 -m esh  s c r e e n  i n  a  l a b o r a t o r y  W ile y  m i l l .  E a c h  sam ple 

w as th o r o u g h ly  m ix ed  b e f o r e  b e in g  a n a ly z e d .

One g ram  o f  p l a n t  t i s s u e  w as w e ig h e d  o u t  i n  1 0 0 -  o r  1 5 0 -m l. 

t a l l  fo rm  b e a k e r s  an d  d i g e s t e d  w i t h  3 j l  n i t r i c - p e r c h l o r i c  a c i d  m ix 

t u r e *  A f t e r  c o m p le te  d i g e s t i o n ,  t h e  s o l u t i o n  w as c o o le d  a n d  d i l u t e d  

t o  100  m l .  w i t h  d i s t i l l e d  w a t e r .  One m l .  a l i q u o t  w as p i p e t t e d  o u t  

i n t o  t h e  p l a n c h e t  f o r  t h e  m ea su re m e n t o f  t h e  r a d i o a c t i v i t y  o f  p32 

a n d  one o r  m ore m i l l i l i t e r s  f o r  p31  d e p e n d in g  u p o n  th e  p h o s p h o ru s  

o o n t e n t  o f t h e  t i s s u e *  I n  m o s t c a s e s ,  one m l* w as s u i t a b l e  f o r  th e  

d e t e r m in a t io n *  D u p l ic a te  s a m p le s  w e re  u s e d  f o r  a n a l y s i s *

F o r t h e  m e a su re m e n t o f  t h e  r a d i o a c t i v i t y  o f  p 3 2 , t h e  s o l u t i o n  

i n  t h e  p l a n c h e t  w as f i r s t  e v a p o r a t e d  on a  s te a m  p l a t e  t o  d ry n e s s *

The p l a n c h e t w a s  t h e n  p u t  on th e  s e c o n d  s h e l f  u n d e r  t h e  G e ig e r  tu b e  

o f  a  c o u n t e r  m a n u fa c tu r e d  b y  P o t t e r  i n s t r u m e n t  C om pany. The r a d i o 

a c t i v i t y  w as m e a s u re d  an d  r e c o r d e d  a 3 c o u n ts  p e r  m in u te .  T h is  was 

c o r r e c t e d  f o r  b a c k g ro u n d  c o u n t s ,  c o in c id e n c e  a n d  tu b e  s e n s i t i v i t y  

f a c t o r s .  S in c e  t h e  r a d i o a c t i v i t y  o f  a l l  s a m p le s  fro m  d i f f e r e n t  

t i s s u e s  c o u ld  n o t  b e  m e a su re d  a t  t h e  same t i m e ,  th e  c o u n ts  w e re  a l l  

c o r r e c t e d  t o  a  r e f e r e n c e  d a t e ,  t h e  d a t e  o f  h a r v e s t ,  b y  u s i n g  th e
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d e c a y  f a c t o r  o f  p 3 2 w h ic h  h a s  & h a l f - l i f e  o f  f o u r t e e n  a n d  t h r e e  

t e n t h  d a y s*  S in c e  no  a b s o l u t e  v a lu e  i n  q u a n t i t y  o f  p32 w as n e e d e d  

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

The d e t e r m in a t i o n  o f  p31  w as c a r r i e d  o u t  b y  p l a c i n g  1 m l* o f  

t h e  s o l u t i o n  fro m  t h e  d i g e s t  o f  t h e  p l a n t  t i s s u e  i n t o  a  5 0 m l*  

v o lu m e t r i c  f l a s k *  A volum e o f  a b o u t  4 0  m l* o f  d i s t i l l e d  w a t e r ,

2 m l* o f  2 * 5  %  ammonium m o iy b d a te  i n  8*5 N H2 SO4  a n d  1 m l*  o f  1“  

a m in o - 2 - n a p h t h o l - 4 - s u l f o n i c  a c i d  s o l u t i o n  w e re  a d d e d  an d  th e n  

d i l u t e d  t o  50 m l*  w i t h  d i s t i l l e d  w a te r *  A f t e r  m ix in g ,  t h e  b lu e  c o l o r  

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

The p e r c e n ta g e  o f  t r a n s m i s s i o n  w as m e a s u re d  b y  u s i n g  a  r e d  f i l t e r  

o f  650 1191 i n  a  F i s h e r  e l e c t r o p h o t o m e t e r *  The am o u n t o f  P®1 i n  th e  

p l a n t  t i s s u e  w as c a l c u l a t e d  fro m  a  s t a n d a r d  c u rv e  p r e p a r e d  b y  u s in g  

v a r io u s  known am o u n ts  o f  P®i* The l - a m i n o - 2 - n a p h t h o l - 4 - s u l f o n i c  

a c id  s o l u t i o n  w as p r e p a r e d  e v e r y  t h r e e  w eek s b y  d i s s o l v i n g  0 *5  gram  

o f  t h e  a c i d  i n  2 5 0  m l* d i s t i l l e d  w a te r  c o n t a i n i n g  5 g ram s o f  so d iu m  

m e t a s u l f i t e *

The r a t i o  o f  p 3 2 ,p S l  i n  p l a n t  t i s s u e s  w as o b t a i n e d  b y  d i v i d i n g  

th e  num ber o f  c o u n ts  p e r  m in u te  o f  p32 b y  th e  am o u n t o f  p31  in  

m ic ro g ra m s  ( a b b r e v i a t e d  a s  r )  i n  a  g iv e n  am o u n t o f  t h e  p l a n t  sam p le*



RESULTS AND DISCUSSION 

EXPERIMENT I :  CORN (1 9 5 3 )

p 3 2 sp 31  R a t i o  i n  t h e  C u l tu r e  S o lu t i o n  

I n  o r d e r  t o  d e te r m in e  i f  t h e  a b s o r p t i o n  o f  t h e  m ix tu r e  o f  

d i f f e r e n t  i s o t o p e s  o f  t h e  same a to m ic  num ber b y  t h e  p l a n t  f o l l o w s  

t h e  a s s u m p t io n  t h a t  t h e y  a r e  a b s o r b e d  i n  t h e  same p r o p o r t i o n s ,  t h e  

a c t u a l  c o n c e n t r a t i o n  o f  p32 an d  p 31  i n  e a c h  o f  t h e  m i n e r a l  n u t r i e n t  

s o l u t i o n s  s u p p l i e d  t o  e a c h  t r e a t m e n t  w as d e te rm in e d *  The s a m p le s  

w e re  t a k e n  f ro m  e a c h  b o t t l e  a f t e r  t h e  p32 an d  p S l  w e re  th o r o u g h ly  

m ix ed  w i t h  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  b e f o r e  i r r i g a t i o n *  F o r 

c o m p a r i s o n ,  s a m p le s  o f  t h e  s o l u t i o n  a t  t h e  en d  o f  t h e  e x p e r im e n t  

w e re  a l s o  c o l l e c t e d #  The r e s u l t s  a r e  g iv e n  i n  T a b le  I I *

When t h e  r a t i o s  o f  p 3 2 ,p 3 1  i n  t h e  s o l u t i o n s  a t  t h e  b e g in n in g  

an d  a t  th e  e n d  o f  t h e  t r e a t m e n t  a r e  c o m p a re d , i t  i s  fo u n d  t h a t  

t h e  r a t i o s  a t  t h e  e n d  o f  t h e  t r e a t m e n t  w e re  lo w e r  t h a n  a t  t h e  b e g in 

n in g #  The d i f f e r e n c e  i s  m ore s i g n i f i c a n t  i n  T re a tm e n t  C t h a n  D* In  

t h e  f o r m e r ,  t h e  r a t i o s  a t  t h e  e n d  o f  t h e  t r e a t m e n t  w e re  a b o u t  tw e n ty -  

f i v e  p e r c e n t  lo w e r  t h a n  a t  t h e  b e g i n n i n g ,  w h i l e  i n  t h e  l a t t e r ,  t h e r e  

w as  no s i g n i f i c a n t  d i f f e r e n c e #  S in c e  t h e  r a d i o a c t i v i t y  o f  b o th  sam 

p l e s  h a d  b e e n  c o n v e r te d  i n t o  t h a t  a t  t h e  t im e  t h e  p l a n t s  w e re  h a r 

v e s t e d ,  t h e o r e t i c a l l y  t h e  r a t i o s  o f  p32 t p3 1  s h o u ld  b e  t h e  sam e# The 

f a c t  t h a t  t h e y  w e re  n o t  t h e  same i n d i c a t e s  t h a t  some p r e f e r e n t i a l  

a b s o r p t i o n  o r  a d s o r p t i o n  o f  d i f f e r e n t  i s o t o p e s  may h a v e  o c c u r r e d #  

H o w ev er, i t  h a s  b e e n  one o f  t h e  f u n d a m e n ta l  a s s u m p t io n s  i n  t r a c e r  

w o rk  t h a t  p l a n t s  e x h i b i t  n o  p r e f e r e n t i a l  s e l e c t i o n  b e tw e e n  th e
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T a b le  I I .  C o n c e n t r a t io n s  o f  p32 a n d  p31 an d  T h e i r  R a t io  i n  
t h e  M in e ra l  N u t r i e n t  S o lu t io n s

T r e a t
m en t

-  u n i t *  
r a t i o

R e p l i 
c a te

S o lu t i o n  a t  b e g in n in g * S o lu t i o n  a t  e n d p 3 2 sP31 
on  g r a v e lp32 p S l p 3 2 jP 31 p32 p31 p32 .p 3 1

P 5 2 , p31 P o t  n o . lo 2 c t/£ a /fo l ppm 1 0 2 c t /4 i / r > l o 2 c t / n / a l  ppm 1 0 2 c t / n / r l o 2 c t / n / r

A 0  , 1 1 1 0 .5 0 --------- 1 .1 6 --------- . . . . .
9 — — 1 0 .3 0 1 .7 0 — -— ■ w  m m

19 ----- — 1 1 .3 0 -------- 1 .9 6 - — —

B 1  i 0 3 8 4 .2 8 3 .8 5 0 .1 8 2 1 .3 9 0 .4 1
1 1 8 4 .1 5 — — 2 .9 9 0 .1 4 2 1 .3 6 0 .2 4
2 1 8 6 .0 5 — —- — — 1 . 8 8 0 . 2 2 8 .5 5 0 .4 6

C 1 I 1 5 1 1 6 .4 2 1 0 .3 0 1 1 .3 0 1 0 .7 7 1 .5 5 6 .9 5 0 .3 4
IS 1 1 9 .4 0 1 0 .3 0 1 1 .5 9 1 6 .1 6 1 .7 0 9 .5 1 0 .4 4
23 1 2 2 .2 9 1 0 .4 0 1 1 .7 6 1 5 .1 3 1 .5 5 9 .7 6 0 .3 8

D 1  : 2 0 7 1 2 0 .4 4 2 1 7 .0 0 0 .5 6 7 9 .0 9 1 5 4 .0 0 0 .5 1 0 .1 7
17 1 1 6 .0 8 2 1 7 .0 0 0 .5 3 8 7 .1 3 1 6 4 .0 0 0 .5 3 0 .1 9
2 5 1 1 5 .2 1 2 0 9 .0 0 0 .5 5 8 1 .5 7 1 5 9 .0 0 0 .5 1 0 .1 5

* 1  u n i t  o f  p32 x  1  m o. ( a s s a y e d  on tJu ly  2 .  1 9 ^ 5 ^ .
1 u n i t  o f  p S l  x 10 ppm.

+ F o r c o m p a r is o n ,  t h e  r a d i o a c t i v i t y  o r  t h e  s o l u t i o n  s a m p le s  a t  t h e  b e g in n in g
o f  t h e  t r e a t m e n t  w as c o n v e r te d  t o  t h a t  a t  t h e  t im e  th e  p l a n t s  w ere
h a r v e s t e d ,  

if  r  s  m ic ro g ra m .
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r a d i o a c t i - r e  a n d  s t a b l e  i s o t o p e s  an d  t h e  r e s u l t s  o f  t h i s  i n v e s t i -  

g a t i o n .w h ic h  w i l l  b e  show n l a t e r ,  v e r i f y  t h i s  a s s u m p tio n *  I t  m ig h t  

b e  a  p o s s i b i l i t y  t h a t  g r a v e l  w o u ld  a d s o r b  p 32  a n d  p31  i n  a  h i g h e r  

r a t i o  t h a n  i n  t h e  s o l u t i o n .  B u t t h e  d a t a  i n  t h e  l a s t  co lum n  o f  

T a b le  I I  show ed t h e  o p p o s i t e  e f f e c t .  The e x t r e m e ly  lo w  r a t i o s  o f  

p 3 2 jp 3 1  i n  t h e  g r a v e l  a r e  b e l i e v e d  a  r e s u l t  o f  t h e  c o n s i d e r a b l e  

h i g h  c o n t e n t  o f  p 3 1  w h ic h  h a d  b e e n  f i x e d  b y  m a g n e t i t e  i n  g r a v e l  

an d  o t h e r  m ech a n ism s  o f  p h o s p h o ru s  f i x a t i o n  p r e v io u s  t o  t h e  t r e a t 

m e n t ,  and  w as  b r o u g h t  i n t o  t h e  h y d r o c h lo r i c  a c i d  e x t r a c t  w hen  

a n a l y s e d .  T h e r e f o r e  i t  i s  im p o s s ib le  t o  c o n c lu d e  t h a t  t h e  d i f f e r e n 

t i a l  a d s o r p t i o n  o f  p32 a n d  p31  h a d  o c c u r r e d  on  t h e  g r a v e l  s u r f a c e .  

S in c e  t h e  p l a n t s  h a d  b e e n  g ro w in g  i n  t h e  op tim um  m i n e r a l  n u t r i e n t  

s o l u t i o n  b e f o r e  t h e  p32 a n d  t h e  d i f f e r e n t  l e v e l s  o f  p51 w e re  a p p l i e d ,  

g r a v e l  may h a v e  r e t a i n e d  some p h o s p h o ru s  i n  t h e  s o l u t i o n  a ro u n d  th e  

s u r f a c e .  A f t e r  t h e  t r e a t m e n t s  w e re  m ad e , t h e  i r r i g a t i o n  m ig h t  r e s u l t  

i n  a  d i l u t i o n  o f  t h e  p32 jp 3 1  r a t i o  b y  t h e  p h o s p h o ru s  w h ic h  h ad  

re m a in e d  i n  t h e  g r a v e l .  T h is  i s  m ore l i k e l y  t h e  c a u s e ,  h o w e v e r , i t  

i s  s t i l l  d o u b t f u l  w h e th e r  t h e  q u a n t i t y  o f  p h o s p h o ru s  t h u s  r e t a i n e d  

w as l a r g e  en o u g h  t o  e x e r t  m uch i n f l u e n c e  on t h e  p 3 2 ,p 3 1  r a t i o  i n  

1 5 .2  l i t e r s  o f  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n .  A c c o rd in g  t o  t h e  r e s u l t s  

o b t a i n e d  b y  D r . J .  D . S a y re  an d  t h e  a u th o r *  i n  a  s tu d y  o f  d a i l y  

a b s o r p t i o n  o f p h o s p h o ru s ,  p o ta s s iu m  a n d  so d iu m  b y  t h e  c o m  p l a n t  i n

* u n p u b l i s h e d  d a t a
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g r a v e l  c u l t u r e s  w i t h  an  op tim um  m i n e r a l  n u t r i e n t  s o l u t i o n  o f  t h e  

same c o m p o s i t io n  a s  u s e d  h e r e , i t  w as fo u n d  t h a t  c o r n  p l a n t s  a b s o r b e d  

m o s t o f  t h e  p h o s p h o ru s  p r e s e n t  i n  t h e  s o l u t i o n  i n  t h e  f i r s t  t h r e e  

o r  f o u r  d a y s  a f t e r  t h e  s o l u t i o n  w as r e n e w e d . T h e r e f o r e , i t  i s  p r o 

b a b le  t h a t  a  fe w  d a y s  a f t e r  t h e  d i f f e r e n t  t r e a t m e n t s  w e re  m ad e , 

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

r e d u o e d .  T h is  may h a v e  c a u s e d  a n  i n c r e a s e  i n  t h e  am oun t o f  p32 

a d s o r p t i o n  on  t h e  w a l l s  o f  t h e  c o n t a i n e r  a s  h a p p e n e d  i n  T re a tm e n t  B 

w h e re  t h e  am oun t o f  p32 i n t r o d u c e d  w as t h e  same a s  t h o s e  i n t r o d u c e d  

t o  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n s  i n  T r e a tm e n ts  C a n d  D , B u t i n  

t h e  s o l u t i o n  s a m p le s  t a k e n  r i g h t  a f t e r  m ix in g ,  i t  w as fo u n d  t h a t  

t h e  r a d i o a c t i v i t y  o f  p32 i n  t h e  s o l u t i o n s  o f  T re a tm e n t  B w as o n ly  

72 %  a s  much a s  i n  T re a tm e n ts  C an d  D ( s e e  T a b le  I I ) ,  As a  r e s u l t  

o f  s u c h  i n c r e a s e d  a d s o r p t i o n  o f  p 3 2 # th e  r a t i o  o f  p 3 2 jp 3 1  i n  t h e  

s o l u t i o n  w as t h u s  lo w e r e d .  I n  t h e  c a s e  o f  T re a tm e n t  D, a  l a r g e  

am ount o f  s t i l l  re m a in e d  i n  t h e  s o l u t i o n  a t  t h e  h a r v e s t  t im e  

an d  t h e r e f o r e  p r e v e n te d  p32 fro m  t h e  i n c r e a s e d  a d s o r p t i o n  on  th e  

w a l l  o f  t h e  r e s e r v o i r ,  t h e  c o n n e c t in g  tu b e s  i n  t h e  i r r i g a t i o n  s y s 

te m  a n d  p e rh a p s  a l s o  on  th e  s u r f a c e  o f  g r a v e l  p a r t i c l e s .  T h is  may 

be i l l u s t r a t e d  b y  t h e  d a t a  show n i n  T a b le  I I .  The d i f f e r e n c e  o f  

p 3 2 ,p 3 1  r 6 t i o  o f  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n s  a t  t h e  b e g in n in g  

a n d  t h e  e n d  o f  t h e  t r e a t m e n t  i n  C w as v e r y  g r e a t  w h i le  i n  T re a tm e n t  

D, t h e  d i f f e r e n c e  w as n e g l i g i b l e .  T h is  phenom enon i s  a l s o  show n i n  

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

p 3 2 .p 3 1  r a t i o  a t  t h e  end  o f  t h e  t r e a t m e n t  w as p r o b a b ly  due t o  t h e
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i n o r e a s e d  a d s o r p t i o n  o f  p 3 2 .  The f u r t h e r  d i s c u s s i o n  w i l l  b e  made 

l a t e r *

p 3 2 : p 31  R a t i o  i n  V a r io u s  C orn  T i s s u e s  

T a b le  I I I  show s t h e  p 3 2 ,p 3 1  r a t i o s  i n  d i f f e r e n t  t i s s u e s  o f  t h e  

c o r n  p l a n t .  I t  i s  a p p a r e n t  t h a t  t h e  r a t i o  was much h i g h e r  i n  t h e  

l e a v e s  t h a n  i n  a n y  o f  t h e  o t h e r  t i s s u e s .  A ls o ,  t h e  r a t i o  i n  t h e  

u p p e r  l e a v e s  w as h i g h e r  t h a n  i n  t h e  lo w e r  l e a v e s ,  a l th o u g h  t h e r e  

w as n o t  much d i f f e r e n c e  i n  t h e  p 31  c o n t e n t  o f  b o t h  t i s s u e s  (T a b le  

I V ) .  The r a t i o s  o f  p 3 2 .p 3 1  w e re  n e a r l y  t h e  sam e i n  t h e  o t h e r  p a r t s  

o f  t h e  p l a n t  e x c e p t  f o r  t h e  r o o t s  w h ic h  h ad  a  h i g h e r  r a t i o  t h a n  

e i t h e r  s te m  o r  e a r .  I t  seem s t h a t ,  t h e  t i s s u e s  w i t h  t h e  lo w e r  m e ta 

b o l i c  a c t i v i t i e s  h a d  lo w e r  r a t i o s  w h ic h  t e n d e d  t o  r e a c h  a  som ew hat 

c o n s t a n t  v a l u e .  I t  i s  a l s o  n o t i c e d  t h a t  t h e  r a t i o s  o f  p 3 2 jp 3 1  w ere  

h i g h e r  i n  T re a tm e n t  B t h a n  i n  T re a tm e n t  C, e s p e c i a l l y  i n  t h e  u p p e r  

l e a v e s  a n d  th e  r o o t s .  H o w ev er, a s  show n i n  T a b le  V , b o th  t h e  t o t a l  

r a d i o a c t i v i t y  a n d  th e  r a d i o a c t i v i t y  p e r  u n i t  d ry  w e ig h t  o f  t h e  p l a n t  

t i s s u e s  g row n  i n  T re a tm e n t  B w e re  e v e n  lo w e r  t h a n  i n  T re a tm e n t  C .

The h i g h e r  r a t i o s  i n  T re a tm e n t  B m ig h t  b e  e x p l a i n e d  b y  th e  f a o t  

t h a t  t h e  p l a n t s  o f  b o th  t r e a t m e n t s  a b s o r b e d  r a d i o a c t i v e  p ®2 i n  som e

w h a t q u a n t i t y  t h e  sam e a s  t h e y  w e re  i n  t h e  s o l u t i o n .  S in c e  t h e r e  w as 

o n ly  p32 i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  o f  T re a tm e n t  B , t h e r e f o r e ,  

p l a n t s  i n  t h i s  t r e a t m e n t  h ad  a  lo w e r  p31  i n  t h e  t i s s u e s .  As a  r e s u l t ,  

t h e  p 3 2 .p 3 1  r a t i o s  w e re  n a t u r a l l y  h i g h e r  t h a n  i n  t h e  p l a n t  t i s s u e s  

o f  T re a tm e n t  C . The h i g h e r  r a t i o s  o f  p32 sp31  i n  t h e  u p p e r  l e a v e s



T r e a t 
m en t

T a b le I I I * P®2xp S l  R a t io *  i n V a r io u s C orn  T i s s u e s  i n  E x p e r im e n t: I .

U h i t+
r a t i o

R e p l i -  u p p e r  
c a t e  l e a v e s

Lower
le a v e s

Stem E a r R o o ts P la n t  a s  
a  w h o le

S o lu .  a t  
b e g in n in g

B 1  1 o # 3 5*25 3 .6 9 a .  69 2 . 2 1 4 .4 9 2 .8 1
1 1 4*74 3 .2 5 1 .9 6 2 .0 4 5 .0 5 2 .6 1
2 1 4*45 2 .8 4 2 .5 2 2 .2 3 . 4 .8 2 2 .9 1

C 1  i 1 5 4 .1 1 3 .5 0 1 .9 1 2 .  26 2 .4 2 2 .6 7 1 1 .3 0
IS 3 .9 0 2 .9 7 2 . 0 1 2 .1 7 2 .7 3 2 .4 9 1 1 ,5 9
23 4 .4 2 2 .8 9 2 .5 7 2 .5 2 2 .2 8 2 .7 6 1 1 .7 6

D 1  * 2 0 7 0 .4 7 0 .4 1 0 .2 5 0 . 2 1 0 .3 8 0 .3 2 0 . 6 6
17 0 .4 8 0 .3 7 0 .2 4 0 .2 3 0 .4 1 0 .3 4 0 .5 3
25 0 .5 5 0 .4 0 0 .3 2 0 .3 4 0 .5 6 0 .4 3 0 .5 5

* A l l  r a t i o s  e x c e p t  t h e  u n i t  r a t i o  a r e  i n  102 c / i a / r .
♦ 1 u n i t  o f  p32 *  l  n e t )  1 u n i t  o f  p31 = 10 p p n  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t io n *

T a b le  IV . A v e rag e  C o n te n ts  o r  p32 an d  p51  i n  V a r io u s  
C orn  T i s s u e s  i n  E x p e r im e n t  I

P l a n t

t i s s u e

T re a tm e n t

A B C D
p32 p31 p32 p S l p32 p S l p32 p31

1 0 2 e  /n /g m rw /g m lO^o /a /g m r/g m 1 0 2 c / in /g a r /g m lO ^c/m /gm r/g m
L e a v e s ,  u p p e r 2840 9765 2 0 0 0 13104 3170 4769 9550

lo w er 2590 6772 2070 9799 3130 3959 9970
Stem 1 1 0 0 1449 650 2462 1 1 2 0 667 2480
E a r 2590 4514 2090 6136 2650 921 3550
R o o ts — — 1310 3889 810 3942 1610 2741 6280

e r a  m ic ro g ra m ; t h e  w e ig h t  o f  o o rn  t i s s u e s  i s  on  o v e n - d ry  b a s i s *



T a b le  V . p32 c o n t e n t  o f  t h e  c o r n  P l a n t s  i n T re a tm e n ts  B an d  c

T re a tm e n t R e p l i c a t e D ry  w t .*  
o f  p l a n t

R a d i o a c t i v i t y  o f  p32
p32/gm  t i s s u e  

pk2 /4al s o l u .
i n  w h o le  

t i s s u e
p e r  gm. 

t i s s u e
p e r  m l .  

s o lu *

P o t  no* g o 104e/4 i 102c/4a

B 3 142*3 5876 4 1 .2 9 8 4 .2 8 4 8 .9 9
11 160*3 6639 41*42 84*15 49*22
2 1 126*1 4961 3 9 .3 4 8 6 .0 5 4 5 .7 2

A v e rag e 1 4 2 .9 5825 4 0 .7 6 84*83 4 8 .0 5

C 5 1 2 2 .7 6655 54*24 116*42 4 6 .5 8
13 128*5 6 6 8 6 52*03 1 1 9 .4 0 4 3 .5 8
23 1 1 7 .7 6620 5 6 .2 4 1 2 2 .2 9 4 5 .9 9

A v erag e 1 2 3 .0 6654 5 4 .1 7 119*37 4 5 .3 8

b/ c A v erag e --------- at 0 .7 5 0 .7 1 1*06

* On o v e n - d ry  b a s i s  ( a t  7 0 ° C ) .
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an d  r o o t s  may be assu m ed  t o  b e  r e l a t e d  t o  t h e  m ech an ism  o f  t h e  

e x c h a n g e  r e a c t i o n  b e tw e e n  t h e s e  tw o i s o t o p e s  i n  p l a n t s .  The p r o 

p o se d  m ech an ism  w i l l  be  d i s c u s s e d  u n d e r  t h e  h e a d in g  " G e n e r a l  

D is c u s s  i o n " •

As f o r  T re a tm e n t  D, t h e  r a t i o s  o f  p 3 2 .p 3 1  in. t h e  c o r n  t i s s u e s  

w e re  m uch lo w e r  t h a n  t h o s e  i n  t h e  t i s s u e s  o f  t h e  o t h e r  t r e a t m e n t s .  

S in c e  t h e  s u p p ly  o f  p h o s p h o ru s  w as i n  g r e a t  e x c e s s  i n  t h e  s o l u t i o n ,  

o n ly  a  s m a l l  p a r t  w as a b s o r b e d  b y  t h e  p l a n t .  The t o t a l  u p ta k e  o f  

p32 Wa s  t h e r e f o r e  g r e a t l y  r e d u c e d  b e c a u s e  o f  t h e  l a r g e  d i l u t i o n  o f  

p32 fcy p 3 1 .  a s  a  r e s u l t ,  t h e  r a t i o s  o f  p 3 2 ,p 3 1  i n  t h e  p l a n t  t i s s u e s  

w ere  lo w e r e d .  When t h e  v a lu e s  o f  p 3 2 : p31 r a t i o s  i n  t h e  t i s s u e s  o f  

T re a tm e n ts  C a n d  D a r e  co m p a re d , i t  i s  fo u n d  t h a t ,  a s  shown i n  

T a b le  I I I ,  t h e  r a t i o s  i n  t h e  l a t t e r  w e re  a b o u t  one e i g h t h  o f  th o s e  

i n  t h e  fo rm e r  i n s t e a d  o f  one t w e n t i e t h .  T h is  c a n  be  e a s i l y  u n d e r 

s to o d  s i n c e  t h e  m ix tu r e  o f  p32 a n d  p31  a b s o r b e d  w e re  d i l u t e d  d i f f e r 

e n t l y  b y  th e  p S l  a c c u m u la te d  b e f o r e  t h e  t r e a t m e n t s  w e re  made i n  

t h e  t i s s u e s  o f  d i f f e r e n t  t r e a t m e n t s .  The p31  p r e v i o u s l y  a c c u m u la te d  

i s  c o n s id e r e d  a  p a r t  o f  t h e  t o t a l  p51  on  w h io h  t h e  c a l c u l a t i o n  o f  

t h e  r a t i o  o f  p 3 2 jp 3 1  i s  b a s e d .

p 3 2 ,p 3 1  R a t io  o f  t h e  I s o to p e  M ix tu re  A c c u m u la te d  i n  
V a r io u s  C orn  T i s s u e s  D u rin g  t h e  T re a tm e n t p e r io d

I f  t h e  a v e ra g e  p e r c e n ta g e  o f  p 31  i n  v a r io u s  t i s s u e s  o f  t h e  

c o r n  p l a n t s  i n  T re a tm e n t  B i s  u s e d  a s  t h e  p e r c e n ta g e  o f  p31 a c c u 

m u la te d  i n  t h e s e  t i s s u e s  b e f o r e  t h e  t r e a t m e n t s ,  we a r e  a b le  t o  c a l 

c u l a t e  t h e  am o u n t o f  s t a b l e  p31 a b s o r b e d  d u r in g  th e  t r e a t m e n t
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p e r i o d .  The r e s u l t s  a r e  shown i n  T a b le  VI* I t  i s  fo u n d  t h a t  d u r in g  

t h e  t e n - d a y  t r e a t m e n t  p e r i o d ,  t h e  i n c r e a s e s  o f  p 31  c o n t e n t  i n  t h e  

p l a n t s  o f  T re a tm e n t  C an d  T re a tm e n t  D w e re  a p p r o x im a te ly  80 a n d  351 

m i l l i g r a m s ;  w h i l e  t h e  am o u n ts  o f  P^2  a b s o r b e d  i n  te rm s  o f  r a d i o 

a c t i v i t y  w e re  66 5 4  x  1 0 ^  a n d  1825 x  10* c o u n ts  p e r  m in u te  r e s p e c t i v e l y .  

The r a t i o  o f  p 3 2 ,p 3 1  i n  102 c o u n t s  p e r  m in u te  p e r  m ic ro g ra m  w as 8 .21  

i n  t h e  fo r m e r  a n d  0*52 i n  t h e  l a t t e r *  T h ese  v a lu e s  a r e  v e r y  c l o s e  

t o  t h o s e  i n  t h e  n u t r i e n t  s o l u t i o n s  a t  t h e  e n d  o f  t h e  e x p e r im e n t*

I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  p l a n t s  do a b s o r b  th e  m ix tu r e  o f  d i f f e r e n t  

i s o t o p e s  i n  t h e  same p r o p o r t i o n  t h a t  t h e y  a r e  p r e s e n t  i n  c u l t u r e  

m ed ium . H o w ev er, i t  i s  r e v e a l e d  i n  T a b le  V I t h a t  a l t h o u g h  t h e  p32 *p31 

r a t i o  o f  t h e  i s o t o p e  m ix tu r e  a b s o r b e d  w as t h e  sam e a s  t h a t  i n  t h e  

c u l t u r e  s o l u t i o n ,  t h e  r a t i o s  o f  t h e  c o n c e n t r a t i o n s  o f  p32 a n d  p S l  

t r a n s l o c a t e d  t o  o r  a c c u m u la te d  i n  v a r i o u s  t i s s u e s  w e re  a p p a r e n t l y  

d i f f e r e n t .  T hey  w e re  much h i g h e r  i n  l e a v e s  an d  e a r  t h a n  i n  t h e  s te m  

an d  r o o t s *

Summary o f  E x p e r im e n t  I

S e v e r a l  i n t e r e s t i n g  f a c t s  h a v e  b e e n  o b s e r v e d  fro m  t h e  d a t a  

o b t a i n e d  i n  t h i s  e x p e r im e n t*  T hey  a r e  su m m arised  a s  f o l l o w s ;

1 .  The m i n e r a l  n u t r i e n t  s o l u t i o n s  h ad  a  lo w e r  p 3 2 ,p 3 1  r a t i o  

a t  t h e  e n d  t h a n  a t  th e  b e g in n in g  o f  t h e  t r e a t m e n t ;  t h i s  w as p ro b a 

b l y  due t o  t h e  i n c r e a s e d  a d s o r p t i o n  o f  p32 a s  p31  c o n c e n t r a t i o n  

d e c r e a s e d .

2» The p r o p o r t i o n  o f  p52 t o  p 3 1  a b s o r b e d  b y  th e  p l a n t  d u r in g



T a b le  VI* A v e rag e  A m ounts an d  th e  R a t io  o f  P32  an d  p31 A c cu m u la ted  i n  t h e  
R e p l i c a t e d  C orn  T i s s u e s  D u rin g  th e  T re a tm e n t P e r io d  i n  E x p e r im e n t  I

T is s u e
T r e a t 

m en t
P 3 1  a t  
h a r v e s t

p31*
b e f o r e

t r e a t m e n t

p31+
in c r e a s e d

d u r in g
t r e a t m e n t

T o t a l  p51 
a c c u m u la te d  

d u r in g  
t r e a t m e n t

T o ta l  P32  
a c c u m u la te d

p 3 2 ,? 3 1

Lea-re s ,  
U pper C

%

0 .3 1 7

%

0 . 2 0 0

%

0 .1 1 7

r *

10647

lO ^o/m

117858

1 0 2 c / a / p

1 1 .0 7
D 0 .9 5 5 ◦ • 2 0 0 0 .7 5 5 59645 37290 0 .6 3

c / d -------- . . . . . --------- --------- 1 7 .5 7

Lower C 0 .3 1 3 0 .2 0 7 0 .1 0 6 9328 87740 9 .4 1
D 0 .9 9 7 0 .2 0 7 0 .7 9 0 71890 36548 0 .5 1

c / d — — . —  - -----— --------- 1 8 .4 5

Stem C 0 . 1 1 2 0 .0 6 4 0 .0 4 8 18480 98829 5 .3 5
D 0 .2 4 8 0 .0 6 4 0 .1 8 4 57224 20427 0 .3 6

c / d — — - . . . . . — — - -------- 1 4 .8 6

E a r C 0 .2 6 5 0 .2 0 9 0 .0 5 6 25256 275918 1 0 .9 2
D 0 .3 5 5 0 .2 0 9 0 .1 4 6 59422 36958 0 .6 2

c / d • M M . . . . . -------- 1 7 .6 1

R o o ts C 0 .1 6 1 0 .0 8 1 0 .0 8 0 17120 85554 5 .0 0
D 0 .6 2 8 0 .0 8 1 0 .5 4 7 102836 51264 0 .5 0

c / d . . . . . . . . . . — — . . . . . . . . . . 1 0 . 0 0

W hole p l a n t C 0 .2 0 8 0 .1 4 7 0 .0 6 1 8 0 8 3 1**" 665377 8 .2 3
D 0 .4 7 2 0 .1 4 7 0 .3 2 5 351017 '1' 182487 0 .5 2

c / d ~---- ------ — — ——- 1 5 .8 3

S o lu t i o n  a t C . . . . . ------ . . . . . . . . . . . . . . . 8 .7 4
e n d D . . . . . «* 0 .5 2

c/ d ------ ------ —--- 1 6 .8 1
* A v e rag e  p e r c e n ta g e  o f  t h e  t r i p l i c a t e  t i s s u e s  i n  T re a tm e n t  B*
♦ D i f f e r e n c e s  b e tw e en  th e  a v e r a g e  p e r c e n ta g e s  o f  t h e  p l a n t  t i s s u e s  i n  T re a tm e n t

B an d  T re a tm e n t C o r  D*
T  gum o f  a v e ra g e  p51  c o n t e n t  o f  a l l  p l a n t  t i s s u e s  i n  T re a tm e n t C o r  D* 
v  r  = m ic ro g ra m .



23

t h e  t r e a t m e n t  p e r io d  w as t h e  same a s  t h a t  i n  t h e  m i n e r a l  n u t r i e n t  

s o l u t i o n *  B u t i n  d i f f e r e n t  p l a n t  t i s s u e s ,  th e  am o u n ts  o f  p32 and  

p31  a c c u m u la te d  d u r in g  t h a t  p e r io d  d id  n o t  g iv e  t h e  sam e p r o p o r t i o n *  

3 ,  P l a n t  t i s s u e s  w h io h  h a d  a c c u m u la te d  a  h i g h e r  c o n c e n t r a t i o n  

o f  p 3 1 , a c c u m u la te d  m ore p32 an d  t h i s  r e s u l t e d  i n  a  h i g h e r  r a t i o  

o f  p 3 2 ,p 3 1  i n  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  d u r in g  t h e  t r e a t m e n t  

p e r i o d .

4* I n  t h i s  p a r t i c u l a r  e x p e r im e n t ,  l e a v e s  a n d  r o o t s  h a d  a  

m uch h i g h e r  f i n a l  r a t i o  o f  p 3 2 ,p 3 1 *



24

EXPERIMENT I I :  CORN (1 9 5 4 )

I n  o r d e r  t o  c l a r i f y  t h e  r e l a t i o n s h i p  b e tw e e n  p32 an d  p 31  in  

t h e  p l a n t ,  s e v e r a l  a d d i t i o n a l  e x p e r im e n ts  w e re  d e s ig n e d  i n  1954*

The f i r s t  s t a g e  o f  t h e  g ro w th  o f  c o r n  w as  c o n s id e r e d  i n  t h i s  e x p e r i 

m e n t .  I t  seem s t h a t  t h e  p r e v io u s  a c c u m u la t io n  o f  p31  i n  d i f f e r e n t  

t i s s u e s  h a d  a n  e f f e c t  on t h e  r a t i o  o f  p 3 2 * p 3 1 . I n  t h i s  e x p e r im e n t ,  

t h i s  f a c t o r  w as e l i m i n a t e d  b y  i n t r o d u c i n g  p32 a t  t h e  v e r y  b e g in n in g  

w i t h  d i f f e r e n t  l e v e l s  o f  p31  so  t h a t  t h e  r e s u l t s  may s e r v e  a s  a  

r e f e r e n c e  f o r  o t h e r  e x p e r i m e n t s .

p 3 2 t p31  R a t io  i n  V a r io u s  C o rn  T i s s u e s  

The r e s u l t s  o f  t h e  e x p e r im e n t  a r e  show n i n  T a b le  V I I .  I t  i s  

a p p a r e n t  t h a t ,  d e s p i t e  t h e  d i f f e r e n t  c o n t e n t s  o f  P ^ l ,  t h e  r a t i o s  

o f  p 3 2 jp 3 1  i n  d i f f e r e n t  t i s s u e s  w e re  t h e  same e x c e p t  t h e  r o o t s  i n  

w h ic h  th e  r a t i o s  w e re  a  l i t t l e  lo w e r  a l t h o u g h  n o t  m u ch . T h is  f a c t  

i n d i c a t e s  t h a t  i f  t h e r e  i s  no  p r e v io u s  a c c u m u la t io n  o f  p31  i n  th e  

p l a n t ,  t h e  p r o p o r t i o n  o f  p32 t o  p31 in  t h e  m ix tu r e  t r a n s l o c a t e d  t o  

d i f f e r e n t  t i s s u e s  w i l l  be  t h e  same no  m a t t e r  how m uch th e  c o n c e n 

t r a t i o n  o f  p31 v a r i e s  i n  d i f f e r e n t  t i s s u e s .  I n  o t h e r  w o rd s ,  t h e  

p r e v i o u s l y  a c c u m u la te d  p 31  w i l l  h a v e  s o m e th in g  t o  d o  w i t h  t h e  

f i n a l  p 3 2 ,p 3 1  r a t i o s ,  i . e .  t h e r e  i s  a  c e r t a i n  r e a c t i o n  b e tw e e n  th e  

p r e v i o u s l y  a c c u m u la te d  p 31  a n d  t h e  p r e v a i l i n g  p32 i n  t h e  p31 an d  

p32 m i x t u r e .  T h is  r e l a t i o n s h i p  w i l l  b e  d i s c u s s e d  l a t e r *  Of c o u r s e ,  

i n  th e  p r a c t i c a l  c o n d i t i o n s  o f  a n y  e x p e r im e n t ,  a t  l e a s t  some p h o s 

p h o ru s  fro m  t h e  s e e d  e n t e r s  i n  th e  p l a n t .  The am o u n t i s  so  s m a l l



T a b le  V I I .  p32*P® l R a t io  i n  V a r io u s  C orn  T i s s u e s  i n  E x p e r im e n t I I .

T r e a t 
m en t

U n i te  r a t i o  
o f  p 3 2 ,p S l R e p l i c a t e L ea v es Stem R o o ts

W hole
p l a n t S o lu t io n *

P o t n o . lO c /fe /r tf lO o / ia /r I Q o / a / r 1 0 c / n / r l O c / k / r

A 1  : 1 1 2 ,8 7 3 .0 2 2 . 6 6 2 .8 9 3 .7 0
6 3 .1 0 2 .8 7 2 .5 3 2 .9 4 3 .5 8

1 1 3 .0 9 2 .9 5 2 .7 0 2 .9 7 3 .3 5

B 1  s 2 2 1*78 1 .7 2 1 .6 4 1 .7 4 1 .9 2
7 1 .6 4 1 .6 9 1 . 6 6 1 .6 7 1 .8 4

12 1 .6 9 1 .7 3 1 .6 1 1 .7 0 1 .7 2

C 1  * 5 3 0 .8 1 0 .7 6 0 .7 6 0 .7 8 0 .8 0
8 0 .7 2 0 .8 0 0 .7 1 0 .7 5 0 .7 5

13 0 .7 1 0 .7 5 0 .7 1 0 .7 2 0 .7 5

D 2  : 2 4 3 .4 2 3 .3 5 3 .0 7 3 .3 3 3 .7 5
9 3 .3 7 3 .3 2 3 .0 7 3 .3 0 3 .6 6

14 3 .3 6 3 .3 6 3 .1 7 3 .3 3 3 .6 2

E 5 : 5 5 3 .7 5 3 .8 5 3 .6 6 3 .7 6 3 .9 5
1 0 3 .7 0 3 .5 8 3 .5 7 3 .6 2 3 .8 1
15 3 .6 8 3 .6 7 3 .4 5 3 .6 9 3 .7 7

* 1 u n i t  o f  p32 s  0*156 m o. (a s s a y e d  on  A u g u s t 1 6 , 1954)*
1  u n i t  o f  P ^ l  s  2 0  ppm i n  t h e  m in e r a l  n u t r i e n t  s o l u t i o n .

*  a t  t h e  b e g in n in g  o f  t h e  t r e a t m e n t .
1T r  = m ic ro g ra m .
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w hen co m p ared  w i t h  t h e  am o u n t a b s o r b e d  by th e  p l a n t  d u r in g  i t s  

g ro w th  i n  th e  m i n e r a l  n u t r i e n t  s o l u t i o n  t h a t  i t  may be  n e g l e c t e d .

I t  i s  im p o r ta n t  t o  p o i n t  o u t  t h a t  t h e  l e a v e s  a n d  r o o t s  d i d  n o t  

c o n t a i n  p32 a n d  p S l  i n  a s  h ig h  a  r a t i o  a s  fo u n d  i n  E x p e r im e n t  I*

The s i m i l a r  r e s u l t s  w e re  fo u n d  i n  o t h e r  e x p e r im e n t s  a l s o *

E f f e c t  o f  D i f f e r e n t  p 3 2 ,p 3 1  R a t i o s  i n  t h e  
M in e r a l  N u t r i e n t  S o lu t i o n s  o n  th e  

R a t i o s  i n  C orn  T i s s u e s

Among t h e  f i v e  t r e a t m e n t s  o f  t h i s  e x p e r i m e n t ,  T re a tm e n t  A , B 

an d  C h a d  d i f f e r e n t  p31  c o n c e n t r a t i o n s  b u t  t h e  sam e am oun t o f  p 3 2 .

I n  T re a tm e n ts  B a n d  D, a n d  a l s o  T re a tm e n ts  C an d  E , t h e  r e v e r s e  

w as t r u e .  B e fo re  we e n t e r  i n t o  t h e  d i s c u s s i o n ,  we s h o u ld  p o i n t  o u t  

t h a t ,  a c c o r d in g  t o  t h e  r e s u l t s  o b t a i n e d  fro m  E x p e r im e n t  I ,  t h e  

p 3 2 ,p 3 1  r a t i o  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  a t  t h e  b e g in n in g  o f  

t h e  t r e a t m e n t  d i d  n o t  s e r v e  w e l l  a s  a n  in d e x  o f  t h e  p32 jp 3 1  r a t i o  

i n  t h e  p l a n t ,  e s p e c i a l l y  i n  t h e  s o l u t i o n s  w i t h  a  low  p 31  c o n c e n 

t r a t i o n *  i t  w as t h e  p 3 2 ,p 3 1  r a t i o  a t  t h e  e n d  o f  t h e  t r e a t m e n t ,  w h ic h  

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

i n  t h e  p l a n t  a s  a  w h o le  d u r in g  t h e  t r e a t m e n t  p e r io d *  I n  t h i s  an d  

t h e  f o l l o w i n g  e x p e r i m e n t s ,  no  s o l u t i o n  s a m p le s  w e re  c o l l e c t e d  a t  

t h e  e n d  o f  t h e  t r e a t m e n t  p e r io d  b e c a u s e  o f  t h e  w id e  v a r i a t i o n s  o f  

t h e  e x t r e m e ly  low  p S l  c o n c e n t r a t i o n s  i n  t h e  t r i p l i c a t e  s o l u t i o n s *

F o r t h e  f o l l o w in g  d i s c u s s i o n ,  t h e  p 3 2 .p 3 1  r a t i o  i n  t h e  p l a n t  a s  a  

w h o le  i s  s e l e o t e d  t o  r e p r e s e n t  t h e  a c t u a l  r a t i o  i n  t h e  n u t r i e n t  

s o l u t i o n  r a t h e r  t h a n  th e  r a t i o  i n  t h e  s o l u t i o n  a t  t h e  b e g in n in g  o f
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t h e  t r e a t m e n t*  I t  i s  r e a s o n a b le  an d  q u i t e  s a f e  t o  do t h i s  b e c a u s e  

i n  t h i s  e x p e r im e n t ,  no  p r e v io u s  a c c u m u la t io n  o f  P®-1- o o c u r r e d  i n  

t h e  p l a n t .

I f  t h e  p 3 2 ,p 3 1  r a t i o s  i n  e a c h  p l a n t  t i s s u e  an d  i n  t h e  m i n e r a l  

n u t r i e n t  s o l u t i o n  r e p r e s e n t e d  b y  t h a t  i n  t h e  w h o le  p l a n t  i n  T r e a t 

m en t C a r e  u s e d  a s  t h e  in d e x  o f  1 0 0 ^ , an d  t h e  r e l a t i v e  p e r c e n ta g e s  

o f  p S 2 ,p 3 1  r a t i o s  i n  t h e  p l a n t  t i s s u e s  o f  T re a tm e n ts  A a n d  B a r e  

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

F ig u r e  1 i s  o b ta in e d *  i t  i s  e v i d e n t  t h a t  a l t h o u g h  t h e  c o n c e n t r a t i o n  

o f  p 31  i n  t h e  n u t r i e n t  s o l u t i o n s  v a r i e d  w i d e l y ,  t h e  r a t i o s  o f  p 3 2 .p 3 1  

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

r a t i o  in  t h e  n u t r i e n t  s o l u t i o n *  The s l i g h t  d e v i a t i o n  o f  t h e  r e l a t i v e  

p e r c e n ta g e s  i n  t h e  f i g u r e  p r o b a b ly  r e s u l t e d  f ro m  t h e  e x p e r i m e n t a l  

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

m i n e r a l  n u t r i e n t  s o l u t i o n  o f  T re a tm e n ts  B a n d  D, a n d  T re a tm e n ts  C 

a n d  E a r e  show n i n  F ig u r e s  2 and  3 r e s p e c t i v e l y .  T h ese  tw o  f i g u r e s  

a l s o  show c l e a r l y  t h a t  t h e  p 3 2 : p31 r a t i o  i n  t h e  p l a n t  t i s s u e s  f o l lo w s  

t h e  r a t i o  d i r e c t l y  i n  t h e  c u l t u r e  m edium .

The r e l a t i v e  p e r c e n ta g e s  o f  t h e  p 3 2 .p 3 1  r a t i o s  i n  t h e  m i n e r a l  

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

i n  t h e  f i g u r e s ,  i n  F ig u r e  1 ,  The s o l u t i o n  i n  T re a tm e n t A h a d  a  much 

h i g h e r  r e l a t i v e  p e r c e n ta g e  t h a n  i t  s h o u ld  h a v e ,  w h i le  i n  F ig u r e s  2 

a n d  3 , no  su o h  phenom enon i s  o b s e rv e d  in  t h e  s o l u t i o n s  o f  T re a tm e n ts  

Band D, a n d  a l s o  i n  t h o s e  o f  T re a tm e n ts  C a n d  E , w h e re  t h e  s o l u t i o n s
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F ig u r e  1 .  E f f e c t  o f  D i f f e r e n t  R a t i o s  o f  p 3 2 ,p 3 1  i n  t h e  M in e ra l  
N u t r i e n t  S o lu t i o n s  o n  t h e  p 3 2 ,p 5 1  R a t i o  i n  t h e  

C orn  T i s s u e s  i n  T re a tm e n ts  a # 5 a n d  C

500

S o lu t i o n  a t  t h e  b e g in n in g  
o f  t h e  t r e a t m e n t  

L ea v es  
S tem s 
R o o ts

4 50

4 0 0

550
T r e a t 
m en t A

3 00

25 0

200 T r e a t 
m en t B

150

100
T re a tm e n t  Q

% 250200 300 350 400150100
R e l a t i v e  P e r c e n ta g e  o f  p 3 2 ,p 3 1  R a t i o s  i n  

t h e  N u t r i e n t  s o l u t i o n  
( th e  r a t i o  i n  T re a tm e n t  C a s  100%)
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F ig u r e  2* E f f e o t  o f  D i f f e r e n t  R a t io s  o f  p32 ,p 3 1  i n  t h e  M in e ra l  
N u t r i e n t  S o lu t i o n s  o n  t h e  p 3 2 : p 3 1  R a t i o  i n  t h e  

C o rn  T i s s u e s  i n  T re a tm e n ts  B a n d  D

200

180
uo•H

•P
$Ph 00 

*  
r -i 00

<DPQ
••5+> 160

<m » a  to 'H 
fpE-t

^fl«SC h t)OP®OB
U><tf to d
la o  140o-H w 
o -P  O P  Cj-H

<ti 
P

?  ®

%  W 1 2 0

100

o

A

S o l u t i o n  a t  t h e  b e g in n in g  
o f  t h e  t r e a t m e n t  

L ea v es  
S tem s 
R o o ts

T r e a t*
m en t D

T re a tm e n t  B

% 100 120 140 160 180 200

R e l a t i v e  p e r c e n ta g e  o f  p 3 2 ,p 3 1  R a t i o s  i n  
t h e  M in e r a l  N u t r i e n t  S o lu t i o n  

( th e  r a t i o  i n  T re a tm e n t  B a s  100%)
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F ig u r e  3 .  E f f e c t  o f  D i f f e r e n t  R a t i o s  o f  p32 .p S l  i n  t h e  M in e r a l  
N u t r i e n t  S o lu t i o n s  o n  t h e  p 5 2 ,p 3 1  R a t i o  i n  t h e  

C orn  T i s s u e s  i n  T re a tm e n ts  C a n d  E

500

S o lu t i o n  a t  t h e  b e g in n in g  
o f  t h e  t r e a t m e n t  

L eav es  
S tem s 
R o o ts

T r e a t 
m en t E

4 00

300

200

100
T r e a t 
m en t C

200 300 400 5001000

R e l a t i v e  P e r c e n ta g e  o f  p 3 2 t p31  R a t i o s  i n  
t h e  M in e ra l  N u t r i e n t  S o lu t i o n  

( th e  r a t i o  i n  T re a tm e n t  C a s  100%)
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h a d  t h e  same c o n c e n t r a t i o n s  o f  p 3 1 .  The r e d u c e d  r a t i o  o f  p 3 2 jp 3 1  i n  

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

s e n t e d  b y  th e  r a t i o  i n  t h e  p l a n t  a s  a  w h o le  h e r e ,  c a n  n o t  b e  c o n s i 

d e r e d  a s  a  r e s u l t  o f  t h e  e x p e r i m e n t a l  e r r o r  b u t  a  r e s u l t  o f  t h e  

a d s o r p t i o n  o f  t h e  r e l a t i v e  l a r g e r  p r o p o r t i o n  o f  p32 i n  r e l a t i o n  t o  

w hen t h e  c o n c e n t r a t i o n  o f  t h e  l a t t e r  becom es v e r y  lo w . The 

r e l a t i o n  b e tw e e n  t h e  a d s o r p t i o n  o f  p32 a n d  t h e  c o n c e n t r a t i o n  o f  p51  

i n  t h e  s o l u t i o n  i s  n o t  n e o e s s a r y  i n v e r s e l y  p r o p o r t i o n a l  a l t h o u g h  no  

a t t e m p t  w as  made t o  c l a r i f y  t h i s  p o i n t .  The a d s o r p t i o n  o f  a  l a r g e r  

p r o p o r t i o n  o f  p32 u n d e r  low  p S l  c o n c e n t r a t i o n  w i l l  b e  d i s c u s s e d  i n  

d e t a i l  l a t e r ,

E f f e o t  o f  Same p32 t p31 R a t i o  B u t D i f f e r e n t  C o n c e n t r a t io n s  
o f  p32 a n d  i n  t h e  M in e r a l  N u t r i e n t  S o lu t i o n  

on  t h e  R a t i o  i n  C o rn  T i s s u e s

By u s i n g  t h e  s i m i l a r  p ro o e d u re  a s  d e s o r ib e d  i n  t h e  p r e v io u s  

s e c t i o n ,  t h e  r e l a t i o n s h i p  o f  T re a tm e n ts  A , D an d  E i s  show n i n  

F ig u r e  4 ,  I t  show s t h a t  t h e  r a t i o s  o f  p 3 2 .p S l  i n  b o th  l e a f  an d  s te m  

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

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

S in c e  t h e s e  t r e a t m e n t s  h a d  t h e  same p 3 2 : p31  r a t i o  b u t  d i f f e r e n t  

c o n c e n t r a t i o n s  o f  b o th  p32 a n d  p31 i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n ,  

t h e  m uch h i g h e r  r e l a t i v e  p e r c e n ta g e s  o f  t h e  p o 2 .p 3 1  r a t i o  i n  th e  

s o l u t i o n  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  i n  T re a tm e n ts  D an d  A 

m ean t h a t  t h e  lo w e r in g  o f  p 3 2 ,p 3 1  r a t i o  a t  t h e  en d  o f  t h e  e x p e r im e n t  

i s  p r o b a b ly  due  t o  t h e  a d s o r p t i o n  o f  a  l a r g e r  p o r t i o n  o f  p32 i n
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F ig u r e  4 .  E f f e c t  o f  Same R a t io  o f  p 3 2 jp 3 1  B ut D i f f e r e n t  
C o n c e n t r a t io n s  o f  p52 And p31  i n  t h e  M in e ra l  N u t r i e n t  

S o lu t i o n s  on th e  p32gp31 R a t i o  i n  t h e  C orn  
T i s s u e s  i n  T re a tm e n ts  A , D and  E

70

S o lu t i o n  a t  t h e  b e g in n in g  
o f  t h e  t r e a t m e n t  

l e a v e s  
S tem s 
R o o ts

7 5

T r e a t -  
m erit A

80

85

90

T r e a t 
m en t D

95

100
Treatment E 1

f } 100 95 90 85 80 75

R e l a t i v e  p e r c e n ta g e  o f  p 3 2 jp 3 1  R a t io s  in  
t h e  M in e ra l  N u t r i e n t  S o lu t i o n  

( th e  r a t i o s  i n  T re a tm e n t E a s  100?')
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r e l a t i o n  t o  p 31  w hen t h e  p31 o o n o e n t r a t i o n  d e c r e a s e s  a s  a  r e s u l t  o f  

p l a n t  a b s o r p t io n *

I t  i s  a l s o  n o te d  t h a t  t h e  r e l a t i v e  p e r c e n ta g e s  o f  p 3 2 ,p 3 1  r a t i o  

o f  T re a tm e n ts  E , D a n d  A do  n o t  h a v e  a  l i n e a r  r e l a t i o n s h i p  i n  t h e  

f i g u r e *  i n  T re a tm e n t  A w h e re  t h e r e  w as a  lo w e s t  p31  c o n c e n t r a t i o n ,  

t h e  r e l a t i v e  p e r c e n ta g e  o f  t h e  r a t i o  i n  t h e  s o l u t i o n  a t  t h e  b e g in n in g  

o f  t h e  t r e a t m e n t  i s  muoh h i g h e r .  I n  o t h e r  w o rd s ,  t h e  lo w e r in g  o f  

p 3 2 .p 3 1  r a t i o  a t  t h e  e n d  o f  t h e  t r e a t m e n t  w as m uch g r e a t e r  t h a n  t h a t  

i n  T re a tm e n t  D w hen t h a t  o f  T re a tm e n t  E i s  u s e d  a s  a n  i n d e x .  T h is  

m ig h t  be u s e d  a s  a n  i l l u s t r a t i o n  t o  show  t h e  p o s s i b i l i t y  t h a t  a  

l a r g e r  p o r t i o n  o f  p32 w o u ld  a d s o r b  o n  th e  w a l l  o f  t h e  c o n t a i n e r  a n d  

i n  t h e  i r r i g a t i o n  s y s te m  w hen t h e  p 31  c o n c e n t r a t i o n  i s  lo w e r e d .

T h e re  i s  a  m ark ed  lo w e r in g  o f  t h e  r e l a t i v e  p e r c e n ta g e  o f  p 3 2 ,p 3 1  

r a t i o s  i n  r o o t  t i s s u e s  i n  F ig u r e  4 .  H o w ev er, i t  i s  fo u n d  t h a t  t h i s  

lo w e r in g  h a s  a  l i n e a r  r e l a t i o n s h i p  t o  t h e  r a t i o  o f  t h e  m i n e r a l  n u t r i 

e n t  s o l u t i o n  a t  t h e  e n d  o f  t h e  t r e a tm e n t*  T h e r e f o r e ,  f ro m  t h e  r e l a 

t i o n s  o b s e r v e d ,  i t  may b e  c o n c lu d e d  t h a t  l i t t l e  e f f e c t  on  p 3 2 ,p 5 1  

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

o f  p32 an d  p 31  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  i f  t h e i r  r a t i o  i s  

k e p t  o o n s ta n t*

Summary o f  E x p e r im e n t  I I  

No p r e v io u s  a c c u m u la t io n  o f  p31 o c c u r r e d  i n  t h e  p l a n t s  i n  t h i s  

e x p e r im e n t  e x c e p t  a  s m a l l  am ount w h ic h  w as o r i g i n a l l y  p r e s e n t  i n  

t h e  s e e d *  As so o n  a s  t h e  c o r n  s e e d l i n g s  em erg ed  fro m  t h e  g r a v e l ,
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d i f f e r e n t  l e v e l s  o f  p32 a n d  p 3 1  w e re  i n t r o d u c e d  t o  t h e  m i n e r a l  

n u t r i e n t  s o l u t i o n s *  The r e s u l t s  a r e  su m m arized  a s  f o l l o w s *

1* A l l  c o r n  t i s s u e s  i n  t h e  sam e t r e a t m e n t  h a d  a lm o s t  t h e  same 

r a t i o  o f  p32 t p 3 1 ( a l t h o u g h  t h e  r a t i o  w as  a  l i t t l e  lo w e r  i n  t h e  r o o t  

t i s s u e s *

2* The p 3 2 ,p 3 1  r a t i o s  i n  c o r n  t i s s u e s  w e re  a f f e c t e d  p r o p o r t i o n 

a l l y  b y  t h e  r a t i o s  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n s *

3* I n  t h e  t r e a t m e n t s  w h e re  t h e  r a t i o s  o f  p 3 2 ,p 3 1  w ere  t h e  same* 

t h e  c o n c e n t r a t i o n s  o f  p32 an d  p31  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n s  

h a d  l i t t l e  o r  no  e f f e o t  or. t h e  r a t i o  o f  p S 2 .p 3 1  i n  t h e  p l a n t  t i s s u e s *  

4 .  When t h e  c o n c e n t r a t i o n s  o f  p 31  w e re  d i f f e r e n t  i n  t h e  raino& l 

n u t r i e n t  s o l u t i o n s  ,  t h e  lo w e r  t h e  c o n c e n t r a t i o n  o f  p51  re m a in e d  i n  

t h e  s o l u t i o n ,  t h e  m ore w as t h e  l o s s  o f  p32 p r o b a b ly  d u e  t o  t h e  a d s o r 

p t i o n  an d  t h u s  r e s u l t e d  a  lo w e r  p 3 2 t p 31  r a t i o .  No d i f f e r e n o e  i n  lo s s  

o f  p32 i n  t e r m  o f  t h e  p 3 2 t p31  r a t i o  w as o b s e r v e d  i n  t h e  s o l u t i o n s  

w i t h  a  same o o n o e n t r a t i o n  o f  p31  b u t  d i f f e r e n t  a m o u n ts  o f  p 3 2 .
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EXPERIMENT l i l t  CORN (1 9 5 4 ) 

p 3 2 ,p 3 1  R a t i o  i n  V a r io u s  C orn  T i s s u e s  

T h is  e x p e r im e n t  w as s i m i l a r  t o  t h e  one  o o n d u o te d  i n  t h e  summer 

o f  1 9 5 3 . The o o rn  p l a n t s  w e re  g ro w n  t o  t h e  same s t a g e  b u t  t h e  

num b er o f  t r e a t m e n t s  a n d  t h e  l e v e l s  o r  b o th  p32 an d  p3 1  w e re  d i f f e r e n t .  

The d a t a  i n  T a b le  V I I I  show t h a t  t h e  r o o t  t i s s u e s  h a d  t h e  h i g h e s t  

r a t i o  o f  p 3 2 ,p 3 1  w h i le  t h e  lo w e r  l e a v e s  h a d  t h e  lo w e s t*  T h e re  w as 

n o t  m uch d i f f e r e n c e  among t h e  o t h e r  t i s s u e s *  A lth o u g h  t h e r e  w ere  

d i f f e r e n c e s  i n  t h e  p 3 2 sp31  r a t i o  i n  d i f f e r e n t  p l a n t  t i s s u e s ,  t h e y  

w e re  n o t  v e r y  g r e a t .

I n  T re a tm e n ts  A a n d  B , t h e  some am oun t o f  p32 w as in t r o d u c e d  

t o  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n .  The o n ly  d i f f e r e n c e  w as t h a t  i n  

t h e  fo r m e r  no  p31  w as a p p l i e d  w h i le  t h e  l a t t e r  h a d  a  c o n c e n t r a t i o n  

o f  10 ppm o f  p31 i n  t h e  n u t r i e n t  s o l u t i o n .  The f i n a l  r a t i o s  o f  p32 t p31 

i n  t h e  p l a n t  t i s s u e s  w e re  h i g h e r  i n  T re a tm e n t  A t h a n  T re a tm e n t B*

T h is  phenom enon h a s  b e e n  o b s e rv e d  an d  d i s c u s s e d  i n  E x p e r im e n t  I ,  how

e v e r ,  i n  t h i s  e x p e r im e n t ,  t h e  d i f f e r e n c e  w as m uch g r e a t e r .

As i n  E x p e r im e n t  I I ,  t h e  t r e a t m e n t s  a r e  a l s o  u s e d  t o  s tu d y  th e  

e f f e c t  o f  t h e  d i f f e r e n t  p 3 2 ,p 3 1  r a t i o s  a n d  t h a t  o f  t h e  same r a t i o  

b u t  w i t h  d i f f e r e n t  c o n c e n t r a t i o n s  o f  p32 and  p31  i n  t h e  s o l u t i o n s  

on  t h e  r a t i o s  i n  t h e  p l a n t  t i s s u e s *  As a  r e s u l t  o f  t h e  d i l u t i o n  o f  

t h e  r a t i o  by  P ^ l  p r e v i o u s l y  a c c u m u la te d  i n  t h i s  e x p e r im e n t ,  t h e  

p 3 2 .p 3 1  r a t i o s  i n  v a r i o u s  c o r n  t i s s u e s  w e re  n o t  th e  same a s  i n  t h e  

m i n e r a l  n u t r i e n t  s o l u t i o n s  o f  v a r i o u s  t r e a t m e n t s .  H ow ever, t h e  d a t a



T a b le  V I I I ,  p 3 2 sp31  R a t io  i n  V a r io u s  C orn  T i s s u e s  i n  E x p e r im e n t  I I I

T r e a t 
m en t

u n i t *
r a t i o

p 3 2 |P 51
R e p l i 

c a te
■ U pper 

l e a v e s
Lower
l e a v e s

T a s s e l S tem R o o ts lflhole
p l a n t

S o lu t i o n  a t  
b e g in n in g

P o t n o . 1q2<5 f a / i *  I O ^ q /u / r 1 0 2 < j/n /r  1q2 c /4 u /r lO ^ o /fe /r 1 0 2 c / k / r l O ^ o / a / r

A 1  : 0 1 0 .8 3 0 .6 3 0 .9 2 0 . 8 6 0 .9 0 0 .8 5
7 0 .9 1 0 .7 4 9 .9 9 0 .9 9 0 .9 2 0 .9 2

13 0 .8 3 0 .7 1 0 .8 2 0 .8 2 0 .9 2 0 .8 4 -------

B 1  : 1 2 0 .5 7 0 .5 5 0 .5 2 0 .5 7 0 .6 9 0 .5 8 2 .7 9
8 0 .5 8 0 .5 1 0 .6 3 0 . 6 8 0 .6 9 0 .6 4 2 .7 2

14 0 .6 1 0 .5 3 0 .6 2 0 .6 3 0 . 6 8 0 .6 2 2 .6 9

C 1  * 5 3 0 .3 1 0 .2 9 0 .2 8 0 .3 4 0 .3 5 0 .3 3 0 .6 4
9 0 .2 7 0 .2 7 0 .2 6 0 .3 1 0 .4 0 0 .3 1 0 .6 3

15 0 .3 2 0 .2 6 0 .2 7 0 .3 3 0 .4 0 0 .3 3 0 .6 3

D 1  * 1 0 4t 0 .1 5 0 .1 3 0 .1 4 0 .1 6 0 .2 3 0 .1 8 0 .3 2
1 0 0 .1 9 0 .1 4 0 .1 4 0 .1 6 0 . 2 1 0 .1 8 0 .3 1
16 0 .1 4 0 . 1 2 0 .1 3 0 . 2 0 0 .2 5 0 .1 9 0 .3 0

E 2  j 2 5 0 .9 4 0 .8 0 0 .8 9 0 .9 5 1 .0 3 0 .9 4 2 .9 6
1 1 0 .8 7 0 .7 7 0 .7 6 0 .8 7 1 .0 3 0 .8 7 3 .0 7
17 0 .8 5 0 .7 5 0 .8 0 0 . 8 6 1 . 0 1 0 . 8 6 2 .8 7

F 5 : 5 6 1 .2 9 1 .2 9 1 .1 6 1 .4 1 1 .8 4 1 .4 4 3 .1 6
12 1 .3 4 1 .2 4 1 .1 6 1 .3 8 1 .7 8 1 .4 1 2 .8 0
18 1 .4 7 1 .1 8 1 .3 7 1 .4 5 1 .6 1 1 .4 7 3 .1 0

* 1 u n i t  o f  p32 s  0 ,2 7  m o. ( a s s a y e d  on Ju n e  7 ,  1 9 5 4 ) ,  
1  u n i t  o f  p31  = 1 0  ppm,

+ r  *  m ic ro g ra m .
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show  some c l o s e  r e l a t i o n s h i p s .  F ig u r e  5 i l l u s t r a t e s  a  l i n e a r  r e l a 

t i o n s h i p  o c c u r r e d  b e tw e e n  t h e  p 3 2 ,p 3 1  r a t i o s  i n  th e  t i s s u e s  a n d  i n  

t h e  s o l u t i o n s  o f  T re a tm e n ts  B , C an d  B w h e re  t h e  same am oun t o f  p32 

b u t  d i f f e r e n t  c o n c e n t r a t i o n  o f  p31 w e re  f i r s t  in t r o d u c e d *

p 3 2 ,p 3 1  R a t i o  o f  t h e  i s o t o p e  M ix tu re  A c c u m u la te d  i n  
V a r io u s  C o m  T is s u e s  D u rin g  t h e  T re a tm e n t  p e r io d

S in c e  t h e  p l a n t s  i n  T re a tm e n t  A d i d  n o t  r e c e i v e  a n y  p31 d u r in g  

th e  t r e a t m e n t  p e r i o d ,  t h e  p31  c o n t e n t  o f  v a r io u s  c o r n  t i s s u e s  may 

b e  r e g a r d e d  a s  t h e  c o n t e n t  b e f o r e  t h e  d i f f e r e n t  t r e a t m e n t s  w e re  

in t r o d u c e d *  The i n c r e a s e  o f  p31 d u r in g  t h e  t r e a t m e n t  p e r io d  i n  

v a r i o u s  p l a n t  t i s s u e s  m ay, t h e r e f o r e ,  be  c a l c u l a t e d  by  s u b t r a c t i n g  

th e  p e r c e n ta g e  c o n t e n t  o f  p31 o f  t h e  p l a n t  t i s s u e s  i n  d i f f e r  a i t  

t r e a t m e n t s  b y  t h a t  o f  t h e  c o r r e s p o n d in g  t i s s u e s  i n  T re a tm e n t A*

The r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  IX . The d a t a  do  n o t  show a  u n i 

fo rm  i n c r e a s e  i n  d i f f e r e n t  t i s s u e s .  G e n e r a l ly  s p e a k in g ,  r o o t s  an d  

s te m  seem ed  t o  a c c u m u la te  m ore p h o s p h o ru s  d u r in g  th e  t r e a t m e n t  p e r io d  

t h a n  t h e  o t h e r  t i s s u e s .  The u p p e r  l e a v e s  a c c u m u la te d  m uch l e s s  t h a n  

th e  lo w e r  o n e s .  I n  d i f f e r e n t  t r e a t m e n t s ,  t h e s e  d i f f e r e n c e s  d id  n o t  

h a v e  a  p r o p o r t i o n a l  r e l a t i o n s h i p .  I f  we d i v i d e  t h e  am oun t o f  p32 by 

th e  am o u n t o f  P®1 a c c u m u la te d  d u r in g  t h e  t r e a t m e n t  p e r i o d ,  we o b t a i n  

t h e  r e s u l t s  show n i n  T a b le  X . The r a t i o s  o f  p 3 2 ,p 3 1  a c c u m u la te d  i n  

v a r i o u s  t i s s u e s  w e re  q u i t e  d i f f e r e n t *  H ow ever, i n  te rm s  o f  t h e  p l a n t  

a s  a  w h o le ,  t h e  p 3 2 t p31  r a t i o  a p p e a re d  t o  be t h e  same a s  t h a t  i n  t h e  

m in e r a l  n u t r i e n t  s o l u t i o n .  T h is  a g a in  c o n f irm s  t h e  a s s u m p t io n  t h a t  

p l a n t s  a b s o r b  t h e  i s o t o p e s  i n  a  same r a t i o  a s  i n  t h e  c u l t u r e  m edium .
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F ig u r e  5 ,  R e l a t i o n  B etw een  t h e  p 3 2 jp 3 1  R a t io s  i n  t h e  C o rn  

T i s s u e s  an d  i n  t h e  M in e ra l  N u t r i e n t  S o lu t i o n

0 .8

n P l a n t  t i s s u e s  a s  a  w h o le
U pper l e a v e s
Lower l e a v e s
S tem
T a s s e l
R o o ts

0 .7

0 .6

0 . 5
T r e a t 
m en t B

0 .4

0 .3

T r e a t 
m en t c

0.1

0.0
2 .0 4 .01 .5 3 .00 . 4 0.6 0.8  1.00 ,2 0 .3

p32 j p 3 i  R a t io  (102 o / k / t )  i n  t h e  M in e ra l  N u t r i e n t  S o lu t i o n



T a b le  IX« I n c r e a s e  o f  p31 i n  C orn  T is s u e s  IX iring  t h e  
T re a tm e n t P e r io d  i n  E x p e r im e n t I I I

T r e a t 
m en t

u n i t * r a t i o  
o f  p 3 2 ,p 3 1

U pper
l e a v e s

Lower
l e a v e s T a s s e 1 Stem R o o ts

P la n t  a s  
a  w h o le

% % % % % %

A 1 : 0 — —— ------ -
B 1  : 1 0 .0 2 7 0 .0 4 0 0 .0 4 1 0 .1 0 3 0 .0 8 0 0 .0 7 3
c 1 : 5 0 .1 5 7 0 .2 1 5 0 .1 3 0 0 .3 3 5 0 .2 8 8 0 .2 6 5
D 1 t  1 0 0 .1 2 2 0 .1 8 4 0 .0 9 1 0 .2 0 3 0 .5 4 6 0 .2 3 9
E 2  : 2 0 .0 6 7 0 .0 9 3 0 .0 7 4 0 .1 7 8 0 .1 1 1 0 .1 2 7
P 5 » 6 0 . 1 2 0 0 .1 7 2 0 .1 0 6 0 .2 5 2 0 .2 3 5 0 .2 0 2

* E x p re s s e d  a s p e r c e n ta g e o f  t h e  d r y  w e ig h t  o f  p l a n t  t i s s u e o r  t h e  id i f f e r e n c e
b e tw e e n  th e  p e r c e n ta g e  c o n t e n t s  o f  p31 i n  t i s s u e s  i n  v a r io u s  t r e a t m e n t s  an d
T re a tm e n t A*

* 1 u n i t  o f  p32 = 0 .2 7  mo .  ( a s s a y e d  on  Ju n e  7 , 1 9 5 4 ) j  1 u n i t  o f  p31 s  1 0  ppm.

T a b le  X . A v e rag e  R a t io  o f  p 3 2 ,p 3 1  o f  t h e  i s o t o p e  M ix tu re  A c cu m u la ted  i n  
V a r io u s  C orn  T i s s u e s  D u rin g  t h e  T re a tm e n t P B rio d  i n  E x p e r im e n t I I I

T r e a t 
m en t

u n i t *
r a t i o

U pper
le a v e s

Lower
l e a v e s T a s s e l S tem R o o ts

P l a n t  a s  
a  w h o le

S o lu t i o n  a t  
b e g in n in g

A
B

p 3 2 .p 3 1  
i  n

1 0 2 c / n / & 1 0 2 c / f a / r lO ^ c /^ n /r 1 0 2 o / n / r 1 0 2 o / i a / r lO Sc/in/Jr

1  x U
i  » i 7 .0 2 3 .7 0 5 .8 8 1 .5 5 2 .3 0 2 .4 0 2 .7 3

C 1 * 5 0 . 8 6 0 .5 9 1 .0 6 0 .4 9 0 .6 3 0 .5 9 0 .6 3
D 1  : 1 0 0 .5 5 0 .3 0 0 .7 1 0 .3 2 0 .3 1 0 .3 4 0 .3 1
E 2  : 2 4 .8 0 2 .7 7 4 .3 6 1 .7 5 2 .7 1 2 .4 1 2 .9 7
F 5 : 5 4 .7 4 2 .9 5 5 .5 3 2 .3 8 3 .1 3 3 .0 0 3 .0 2

* See T a b le IX . + r = m ic ro g ra m .
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I f  we ex a m in e  t h e  d a t a  p r e s e n t e d  i n  T a b le s  H  an d  X c l o s e l y ,  

i t  i s  e v i d e n t  t h a t  some r e l a t i o n s h i p  e x i s t s  b e tw e e n  th e  i n c r e a s e  

o f  p 31  an d  th e  p 3 2 ,p 3 1  r a t i o  o f  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  i n  

v a r io u s  t i s s u e s  d u r in g  th e  t r e a t m e n t  p e r io d  a s  show n i n  F ig u r e  6 .

The l e s s  t h e  i n c r e a s e  o f  p 3 1 , t h e  h i g h e r  w i l l  b e  t h e  p 3 2 }p 31  r a t i o  

i n  t h e  a b s o r b e d  i s o to p e  m ix tu r e  a c c u m u la te d  t h e r e .  The r e l a t i o n s h i p  

i s  n o t  l i n e a r  an d  t h i s  i s  a p p a r e n t l y  due t o  th e  e f f e c t  o f  t h e  p31 

p r e v i o u s l y  a c c u m u la te d *

I t  h a s  b e e n  s t a t e d  t h a t  t h e  i s o t o p e  m ix tu r e  o f  p32 a n d  p31 

a c c u m u la te s  i n  d i f f e r e n t  t i s s u e s  w i t h  d i f f e r e n t  p 3 2 ,p 3 1  r a t i o s  

w h ic h  a r e  i n f l u e n c e d  b y  th e  am o u n ts  o f  p31 p r e v i o u s l y  a c c u m u la te d *  

The h i g h e r  t h e  c o n c e n t r a t i o n  o f  p31  p r e v i o u s l y  a c c u m u la te d ,  th e  

h i g h e r  w i l l  be th e  r a t i o  o f  p 3 2 .p 3 1  i n  t h e  i s o t o p e  m ix tu r e  w h ic h  

w i l l  a c c u m u la te  i n  t h a t  p l a n t  t i s s u e *  E v e n t r a l l y ,  t h e  p 3 2 ,p 3 1  r a t i o  

i n  a l l  p l a n t  t i s s u e s  a ssu m es  a  m ore o r  l e s s  c o n s t a n t  v a l u e .  H ow ever, 

a c c o r d in g  t o  t h e  r e s u l t s  show n i n  T a b le s  IX  an d  X a n d  F ig u r e  6 ,  a n o 

t h e r  s t a t e m e n t  may b e  m ad e , The lo w e r  t h e  c o n c e n t r a t i o n  o f  p31 

a c c u m u la te d  d u r in g  th e  t r e a t m e n t  p e r io d  i n  a  c e r t a i n  t i s s u e ,  t h e  

l a r g e r  w i l l  be  t h e  am ount o f  w h ic h  w i l l  a c c u m u la te  i n  t h a t  t i s 

s u e ,  i t  i s  known t h a t  t h e  c a p a c i t i e s  o f  v a r io u s  t i s s u e s  f o r  p h o s 

p h o ru s  a c c u m u la t io n  a r e  d i f f e r e n t  a n d  l i m i t e d ,  t h e r e f o r e ,  p l a n t  

t i s s u e s  w i t h  t h e  same am o u n ts  o f  p r e v i o u s l y  a c c u m u la te d  p31 b u t  

w i t h  d i f f e r e n t  c a p a c i t i e s  w i l l  n o t  n e c e s s a r i l y  a c c u m u la te  th e  same 

am o u n ts  o f  P>32 an d  p31 m ix tu r e  d u r in g  t h e  t r e a t m e n t  p e r i o d .  The
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F ig u r e  6 .  R e l a t i o n  B etw een  t h e  I n c r e a s e  o f  p31 an d  t h e  p 3 2 ,p 3 1  

R a t io  o f  t h e  I s o to p e  M ix tu re  A c cu m u la ted  i n  t h e  C orn 
T i s s u e s  D o rin g  t h e  T re a tm e n t p e r io d
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p 3 2 t p31 R a t i o  (102 c / a / r )  o f  t h e  I s o to p e  M ix tu re  A c cu m u la ted
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am oun t o f  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  may d ep e n d  on th e  d i f f e r e n t  

d e g r e e s  o f  d e f i c i e n c y  w i t h  r e s p e c t  t o  t h e  c a p a c i t y  f o r  p31 a c c u m u la 

t i o n .  T h e r e f o r e ,  t h e  m ore t h e  i s o to p e  m ix tu r e  o r  t h e  h i g h e r  t h e  c o n 

c e n t r a t i o n  o f  p 31  a c c u m u la te d  d u r in g  t h e  t r e a t m e n t  p e r io d  i n  a  c e r 

t a i n  p l a n t  t i s s u e ,  t h e  l e s s  w i l l  b e  t h e  e x t r a  am oun t o f  p32 w h ic h  

i s  r e q u i r e d  b y  t h e  p r e v i o u s l y  a c c u m u la te d  p31  f o r  t h e  ex o h a n g e  i n  

t h a t  t i s s u e  i n  o r d e r  f o r  a  r e l a t i v e l y  c o n s t a n t  p 3 2 .p 3 1  r a t i o  t o  

r e s u l t  t h r o u g h o u t  t h e  p l a n t .  H o w ev er, t h e  am oun t o f  p31 p r e v io u s l y  

a c c u m u la te d  a l s o  i n f l u e n c e s  t h e  am o u n ts  o f  p31  a c c u m u la te d  d u r in g  

th e  t r e a t m e n t  p e r io d *  I n  o t h e r  w o rd s ,  t h e  am o u n t o f  p 31  a c c u m u la te d  

b e f o r e  t h e  t r e a t m e n t  a n d  t h e  am oun t o f  p31 d u r in g  t h e  t r e a t m e n t  a r e  

b o t h  f a o t o r s  w h ic h  d e te r m in e  t h e  r a t i o  o f  p 3 2 sp31  o f  t h e  i s o to p e  

m ix tu r e  a c c u m u la te d  i n  d i f f e r e n t  t i s s u e s *

Summary o f  E x p e r im e n t  I I I  

The r e s u l t s  o f  t h i s  e x p e r im e n t  may be su m m arised  a s  f o l l o w s «

1* No e x t r e m e ly  h ig h  p 3 2 ,p 3 1  r a t i o  w as fo u n d  i n  t h e  l e a v e s  

a s  i n  E x p e r im e n t I*

2 .  T h e re  w ere  some d i f f e r e n c e s  i n  t h e  r a t i o  o f  p 3 2 jp 3 1  among 

v a r io u s  c o r n  t i s s u e s ,  b u t  t h e  d i f f e r e n c e s  w e re  n o t  g r e a t *

3* The f i n a l  r a t i o s  o f  p 3 2 ,p 3 1  i n  p l a n t  t i s s u e s  fo rm ed  a  l i n e a r  

r e l a t i o n s h i p  w i t h  t h a t  i n  th e  m i n e r a l  n u t r i e n t  s o l u t io n *

4 .  When t h e r e  i s  p r e v io u s  a c c u m u la t io n  o f  p31 i n  t h e  p l a n t  

t i s s u e s ,  t h e  r a t i o  o f  p 3 2 t p31  o f  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  

d u r in g  t h e  t r e a t m e n t  p e r io d  v a r i e s  d e p e n d in g  on b o th  t h e  am o u n ts  o f  

p31  p r e v i o u s l y  a c c u m u la te d  a n d  a c c u m u la te d  d u r in g  t h e  t r e a t m e n t .
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EXPERIMENT IV t  TOMATO (1 9 5 4 )

p 3 2 ,p 3 1  R a t i o  i n  V a r io u s  T om ato T i s s u e s  

Tom ato p l a n t s  w e re  u s e d  i n  t h i s  e x p e r im e n t*  The r a t i o s  o f  

P S 2 ,P 3 1  i n  v a r i o u s  to m a to  t i s s u e s  e x c lu d in g  r o o t s  a r e  show n i n  

T a b le  X I .  T h e re  w as some d i f f e r e n c e  i n  t h e  r a t i o s  among th o s e  

t i s s u e s *  H o w ev er, t h e  d i f f e r e n c e  w as e v e n  s m a l l e r  t h a n  t h e  v a r i a t i o n s  

among t h e  r e p l i c a t e s  i n  t h e  same t r e a t m e n t*  The v a r i a t i o n s  m ay be 

v e r y  w id e  a s  s e e n  i n  T re a tm e n t  A* i n  w h ic h  t h e  p l a n t  t i s s u e s  fro m  

P o t  no* 1 h a d  p 3 2 : p31  r a t i o s  a b o u t  f i f t y  p e r c e n t  h i g h e r  t h a n  t h o s e  

i n  P o t  n o .  7* I n  P o t  no* 3 ,  t h e  r a t i o s  o f  p 3 2 ,p 3 1  i n  t h e  t i s s u e s  w e re  

tw e n ty  t o  t h i r t y  p e r c e n t  lo w e r  t h a n  th o s e  i n  P o t  n o .  9 .  I n  o t h e r  

t r e a t m e n t s ,  c o n s i d e r a b l e  v a r i a t i o n s  w e re  a l s o  o b s e rv e d  a l t h o u g h  th e  

p e r c e n ta g e  d i f f e r e n c e s  w e re  n o t  a s  g r e a t .  S in c e  t h e  r a t i o  o f  th e  

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

same t r e a t m e n t  d i d  n o t  v a r y  m uch a t  f i r s t ,  t h e  l a r g e  v a r i a t i o n s  m u s t 

h a v e  o c c u r r e d  l a t e r  o n .  P e rh a p s  d i f f e r e n t  am o u n ts  o f  p32 a d s o r p t i o n  

to o k  p la c e  i n  t h e  n u t r i e n t  s o l u t i o n s  o f  t h e  same t r e a t m e n t ,  e s p e c i a l 

l y  t h e  t r e a t m e n t s  w i t h  low  p h o s p h o ru s  c o n c e n t r a t i o n s .  The d i f f e r e n t  

am o u n ts  o f  p31  a b s o r p t i o n  b y  th e  d i f f e r e n t  p l a n t s  i n  t h e  same t r e a t 

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

T h ese  m ig h t  h a v e  r e s u l t e d  t h e  i n c r e a s e  o r  d e c r e a s e  o f  t h e  p 3 2 ,p 3 i  

r a t i o s  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n s .  The i n c r e a s e  o r  d e c r e a s e  

o f  p 3 2 jp 3 1  r a t i o ,  i n  t u r n ,  a f f e c t s  t h e  am o u n ts  an d  t h e  r a t i o  o f  ?32 

and  p3 1  i n  t h e  i s o t o p e  m ix tu r e  a b s o r b e d  b y  t h e  p l a n t .  The p32 ,p 3 1



T a b le  X I .  p 3 2 .p 3 1  R a t i o  i n  V a r io u s  Tom ato T i s s u e s  i n  E x p e r im e n t  IV

T r e a t 
m en t

U n i t * r a t i o  
o f  p 3 2 ,p 3 1 R e p l i c a t e L eav es S tem F r u i t

Top a s  a  
w h o le S o lu t io n

P o t  n o . 1 0 c / n / r + l O c / i i / r 1 0 c / n / r 1 0 c / k / t 1 0 c /4 i / r

A 1  : 0 1 1 .3 5 1 .4 2 1 .4 7 1 .4 1 m m -m m

7 0 .9 7 0 .7 9 0 .9 8 0 . 8 8
13 1 .1 6 0 .8 2 1 .2 4 1 .0 2 -------

B 1  * 1 2 0 . 8 6 0 .7 3 0 .8 0 0 .7 9 2 .2 3
8 0 . 8 6 0 . 6 8 1 .0 9 0 .7 9 2 .0 4

14 0 .8 9 0 .8 5 0 .9 1 0 .8 7 1 .9 8

C 1  * 2 3 0 .4 4 0 .4 3 0 .4 4 0 .4 3 1 .1 7
9 0 .6 0 0 .5 0 0 .6 0 0 .5 5 1 .1 5

15 0 .5 4 0 .4 8 0 .4 7 0 .5 1 1 .1 5

D 1 * 4 4 0 .2 9 0 .2 6 0 .2 9 0 .2 7 0 .5 8
10 0 .3 8 0 .2 4 0 .2 4 0 .2 9 0 .6 3
16 0 .3 6 0 . 2 0 0 .3 0 0 .2 7 0 .5 4

E 2  2 2 5 0 .9 7 0 .8 1 1 .0 9 0 .8 9 2 . 2 1
11 1 .1 3 0 . 8 8 0 .9 5 0 .9 9 2 .2 9
17 0 .9 4 0 .7 5 0 .8 9 0 .8 3 2 .0 9

P 4  * 4 6 1 .3 5 1 .0 3 1 .0 7 1 .1 6 2 .1 6
12 1 .0 7 1 .0 5 1 .0 9 1 .0 6 2 , 2 1
18 1 . 1 0 0 .8 1 0 .9 5 0 .9 5 2 .0 9

* 1 u n i t  o f  p32 s  0 .2 5 6  m e . (a s s a y e d  o n  J u l y  2 2 ,  1 9 5 4 ) .  
1 u n i t  o f  p31  s  a  c o n c e n t r a t i o n  o f  62 p p n .
r  = m ic ro g rs m .
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r a t i o s  i n  v a r i o u s  p l a n t  t i s s u e s  a r e  t h e r e f o r e  i n f lu e n c e d *

S in c e  t h e  d i f f e r e n c e  o f  p 3 2 ,p 3 1  r a t i o s  i n  v a r io u s  t i s s u e s  w e re  

much l e s s  v a r i a b l e  t h a n  t h o s e  among t h e  r e p l i c a t e s ,  i t  s e e m s , a c c o r 

d in g  t o  t h e  r e s u l t s  o b t a i n e d  (T a b le  X I ) ,  t h a t  a l l  p l a n t  t i s s u e s  h a d  

a  t e n d e n c y  t o  r e a c h  a  som ew hat e q u a l  v a lu e  o f  p 3 2 ,p 3 1  r a t i o  a s  h a s  

b e e n  show n i n  E x p e r im e n ts  I I  an d  I I I *  H o w ev er, w hen  we ex a m in e  th e  

d a t a ,  t h e  r a t i o  i n  t h e  s te m  w as a  l i t t l e  lo w e r  t h a n  t h a t  i n  t h e  

l e a v e s  an d  f r u i t s *  I t  may s t i l l  b e  t r u e  a s  assu m ed  i n  E x p e r im e n t  I ,  

t h a t  t h e  t i s s u e s  w i t h  h i g h  m e ta b o l i c  a c t i v i t i e s  may h a v e  a  h i g h e r  

p32 sp51 r a t i o *

p 3 2 ; p 31  R a t i o  o f  t h e  I s o to p e  M ix tu re  A c c u m u la te d  i n  
V a r io u s  Tom ato T i s s u e s  D u rin g  t h e  T re a tm e n t  P e r io d

The i n c r e a s e  o f  p31  c o n c e n t r a t i o n  an d  t h e  a v e ra g e  r a t i o  o f

p 3 2 .p 3 1  i n  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  i n  d i f f e r e n t  to m a to  t i s s u e s

d u r in g  t h e  t r e a t m e n t  p e r io d  h av e  a l s o  b e e n  c a l c u l a t e d *  The r e s u l t s

a r e  shown i n  T a b le s  X I I  a n d  X I I I *  L ea v es  a c c u m u la te d  m ore p31 t h a n

a n y  o t h e r  t i s s u e s .  The f r u i t s  o n ly  h a d  a n  in o r e a s e  o f  one t h i r d  a s

much a s  t h e  stem *  When we ex a m in e  th e  d a t a  p r e s e n t e d  i n  T a b le  X I I I ,

i t  i s  v e r y  i n t e r e s t i n g  t o  n o te  t h a t  i n  e a c h  t r e a t m e n t ,  t h e  p 5 2 }p S l

r a t i o  i n  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  i n  t h e  f r u i t s  d u r in g  t h e

t r e a t m e n t  p e r io d  w as t h r e e  t im e s  t h a t  i n  t h e  s te m . The r a t i o  i n  t h e

i s o t o p e  m ix tu r e  a c c u m u la te d  i n  s te m  t i s s u e s  w as a l s o  h i g h e r  t h a n

t h a t  i n  l e a v e s  w h e re  t h e  p 3 i  i n o r e a s e  w as g r e a t e r .  I t  c o n f i r m s  t h a t *

a s  d i s c u s s e d  i n  E x p e r im e n t I I I ,  w hen  t h e r e  i s  p r e v io u s  a c c u m u la t io n
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T a b le  X I I • I n c r e a s e ^ o f  P3 1  i n  Tom ato T i 8s u e s  D u rin g  th e
T re a tm e n t  P e r io d  i n  E x p e r im e n t IV

T r e a t -  u n i t * r a t i o  
ra en t o f  p 3 2 ,p 3 1 L ea v es Stem F r u i t s

Top a s  
a  w h o le

% % % %

A
B

1  t  o  
1  : 1 0 .2 7 7 0 .2 3 5

— — W
0 .0 8 3 0 .2 3 1

C 1  : 2 0 .3 1 2 0 .2 7 3 0 .0 8 3 0 .2 5 8
D 1 > 4 0 .2 9 8 0 .2 5 7 0 .0 9 3 0 .2 4 8
E 2  j 2 0 .2 9 2 0 . 2 1 0 0 .0 8 3 0 .2 2 2
F 4  t 4 0 .3 8 7 0 .2 8 5 0 .0 7 0 0 .2 8 7

6 E x p re s s e d  a s  p e r c e n ta g e  o f t h e  d ry  w e ig h t  o f  p l a n t  t i s s u e
o r  t h e  d i f f e r e n c e  b e tw e e n t h e  p e r c e n ta g e  c o n t e n t s o f  p e l
i n  t i s s u e s  i n v a r io u s  t r e a t m e n t s  an d i n  T re a tm e n t A*

* 1 u n i t  o f  p32 s  0 .2 5 6  m e. ( a s s a y e d  on J u l y  2 2 ,  1 9 5 4 ) .
1 u n i t  o f  p31 * a  c o n c e n t r a t i o n  o f  62 ppm.

T a b le  X I I I*  A v e rag e  R a t io  o f  p 3 2 .p 3 1  o f  t h e  I s o to p e  M ix tu re  
A c c u m u la te d  i n  V a r io u s  Tom ato T i s s u e s  D u rin g  th e  

T re a tm e n t  P e r io d  i n  E x p e r im e n t IV

T r e a t 
m en t

U n i t * r a t i o  
o f  p 3 2 ,p 3 1 L eav es  Stem F r u i t s

Top a s  
a  w h o le

S o lu t i o n  a t  
b e g in n in g

A 1 : 0

1 0 c /m /r+ lO c /fo /r lO c/fe i/r 1 0 c / n / r

B 1  t 1 2 .3 0  2 .3 7 7 .5 8 2 .5 7 2 .0 8
C 1 : OU 1 .3 0  1 .3 3 4 .0 7 1 .4 5 1 .1 5
D 1 : 4 0 .8 7  0 .6 9 2 ,0 4 0 .8 4 0 .5 8
E 2  : 2 2 .5 9  2 .7 4 7 .9 8 2 .9 2 2 . 2 0
F 4 : 4 2 .5 3  2 .6 7 9 .8 1 2 . 8 8 2 .1 5

* 1 u n i t  o f  P32 at 0*256  m e. ( a s s a y e d  on J u l y  2 2 ,  1 9 5 4 ) .
1 u n i t  o f  p 3 i  s  a  c o n c e n t r a t i o n  o f  62 ppm.

+ r  c: m ic ro g ra m .
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o f  p 3 1 , t h e  l e s s  t h e  p31 c o n c e n t r a t i o n  i n c r e a s e d  in  t h e  p l a n t  t i s s u e  

d u r in g  th e  t r e a t m e n t  p e r i o d ,  t h e  h i g h e r  w i l l  be  th e  p 3 2 : p31 r a t i o  

i n  t h e  i s o to p e  m ix tu r e  t h a t  w i l l  a c c u m u la te  i n  t h a t  t i s s u e .

Summary o f  E x p e r im e n t IV  

The r e s u l t s  o f  t h i s  e x p e r im e n t  may be su m m arized  a s  f o l l o w s :

1* A w id e  v a r i a t i o n  o f  p 3 2 ,p 3 1  r a t i o s  i n  t h e  p l a n t  t i s s u e s  o f  

t h e  r e p l i c a t e s  o f  t h e  same t r e a t m e n t  may o c c u r .  I t  may be due  t o  

t h e  i n o r e a s e  o r  d e o r e a s e  o f  p 3 2 .p 3 1  r a t i o  i n  t h e  m i n e r a l  n u t r i e n t  

s o l u t i o n s ,  a f f e c t e d  b y  t h e  am o u n ts  o f  p31  a b s o r p t i o n  an d  P32 a d 

s o r p t i o n .

2 .  S tem  t i s s u e s  h ad  a  lo w e r  p 3 2 .p 3 1  r a t i o  t h a n  l e a v e s  a n d  f r u i t s .  

I t  seem s U ia t  th e  t i s s u e s  w i th  a  h ig h  m e ta b o l i c  a c t i v i t i e s  w i l l  h av e

a  h i g h e r  r a t i o .  H o w ev er, a l l  t i s s u e s  h a v e  a  t e n d e n c y  t o  r e a c h  a  m ore 

o r  l e s s  e q u a l  v a l u e .

3 .  D u rin g  t h e  t r e a t m e n t  p e r i o d ,  t h e  l e s s  t h e  am oun t o f  ?3 1  

in c r e a s e d  i n  a  t i s s u e ,  t h e  h i g h e r  t h e  p 3 2 .p 3 1  r a t i o  w as fo u n d  i n  

t h e  i s o to p e  m ix tu r e  w h ic h  a c c u m u la te d  i n  t h a t  t i s s u e  d u r in g  th e  

t r e a t m e n t  p e r i o d .



48

EXPERIMENT Vi SOYBEAN (1 9 5 4 )

p 3 2 jP 3 1  R a t i o  i n  V a r io u s  S o y b ean  T i s s u e s  

S o y b ean  p l a n t s  i n  sa n d  c u l t u r e s  w e re  u s e d  i n  t h i s  e x p e r im e n t*

The r e s u l t s  a r e  show n in  T a b le  XIV* I t  i s  n o t i c e d  t h a t ,  l i k e  E x p e r i 

m en t IV , t h e r e  w e re  w id e  v a r i a t i o n s  i n  p 3 2 ,p 3 1  r a t i o s  among t h e  p l a n t s  

i n  th e  r e p l i c a t e  p o t s  e s p e c i a l l y  i n  T re a tm e n t  A* The v a r i a t i o n  i n  

p 3 2 ,p 3 1  r a t i o  i n  a l l  t i s s u e s  o f  t h e  p l a n t  w as a b o u t  t h e  same w hen 

co m p ared  w i t h  t h e  c o r r e s p o n d in g  t i s s u e s  fro m  t h e  p l a n t s  i n  o t h e r  

p o t s  o f  t h e  seine t r e a t m e n t .  T h is  r e s u l t  may s e r v e  a s  a n  e v id e n c e  

f o r  w h a t  h a s  b e e n  d i s c u s s e d  i n  E x p e r im e n t IV t h a t  th e  d i f f e r e n c e  

i n  p 3 2 .p 3 1  r a t i o  among th e  p l a n t s  i n  t h e  r e p l i c a t e  p o t s  w as a  r e s u l t  

o f  t h e  ch an g e  o f  t h e  p 3 2 t p31 r a t i o  i n  t h e  c o r r e s p o n d in g  m in e r a l  

n u t r i e n t  s o l u t i o n .  T h is  ch a n g e  may v a r y  t o  a  d i f f e r e n t  d e g re e  w hen 

a f f e c t e d  b y  t h e  d i f f e r e n t  r a t e s  o f  p31  a b s o r p t i o n  a n d  p32 a d s o r p t i o n .

T h e re  w as a  g r e a t  d i f f e r e n c e  i n  p 3 2 ,p 3 1  r a t i o s  b e tw e e n  v a r io u s  

p l a n t  t i s s u e s  i n  T re a tm e n ts  A an d  B , i n  w h ic h  none an d  a  c o n c e n t r a 

t i o n  o f  45  p p i  o f  p31 w ere  a d d e d  t o  t h e  p h o s p h o r u s - f r e e  m in e r a l  

n u t r i e n t  s o l u t i o n s  r e s p e c t i v e l y .  The e x p l a n a t i o n  f o r  th e  d i f f e r e n c e  

h a s  b e e n  s u g g e s t e d .  In  t h i 6  e x p e r im e n t*  h o w e v e r , th e  r a t i o s  o f  

p32 jp 3 1  i n  T re a tm e n t A w e re  m uch lo w e r th a n  i n  T re a tm e n t B» a  f a c t  

j u s t  o p p o s i t e  t o  t h a t  fo u n d  i n  o t h e r  e x p e r i m e n t s .  T h is  c a n  b e  e x 

p l a i n e d  b y  t h e  f a c t  t h a t  t h e  c o n c e n t r a t i o n  o f  p32 i n  t h e  s o l u t i o n s  

o f  T re a tm e n t A w as much lo w e r  t h a n  t h a t  o f  T re a tm e n t  B ( s e e  A p p e n d i

c e s ) .  T h is  d i f f e r e n c e  i s  u n d o u b te d ly  due t o  th e  a d s o r p e io n  o f  p32



T a b le  X IV . p 3 2 ,p 3 1  R a t io  i n  V a r io u s  S oy b ean  T i s s u e s  i n  E x p e r im e n t  V

T r e a t 
m en t

U n i t ^ r a t i o  
o f  p 3 2 : p31 R e p l i c a t e I 0 &TO8 Stem Pods

Top &8 
a  w h o le S o lu t i o n

P o t n o . lb c /4 a /r '+ l Q c / m / r 10 c /4 n /r 1 0 c / n / r l O o / m / r

A 1  » o 1 0*31 0 .2 9 0 .4 4 0 .3 5 ——

7 0 .3 4 0 .3 7 0 .5 4 0 .4 1
13 0*52 0 .7 9 0 .8 0 0 .6 9

B 1  * 1 2 0 .7 9 0 .7 1 0 .9 4 0 .8 1 3 .7 7
8 0*74 0 .7 4 1 .0 2 0 .8 2 3 ,7 3

14 0 .7 2 0 .7 7 1 .0 4 0 .8 4 3 .8 1

C 1  * 2 3 0 .6 1 0 .6 2 0 .7 6 0 .6 5 1 .9 3
9 0*49 0 .4 6 0 .5 6 0 .4 9 1 .9 0

15 0 .6 3 0 .6 5 0 .7 5 0 .6 7 1 .8 7

D 1 * 5 4 0 .2 9 0 .2 6 0 .3 1 0 .2 9 0 .7 8
10 0 .3 4 0 .3 7 0 .3 8 0 .3 6 0 .7 8
16 0 .3 2 0 .3 2 0 .4 0 0 .3 4 0 .8 3

E 2  ,  2 5 1 .3 3 1 .1 3 1 .3 7 1 . 2 8 4 .1 1
1 1 1 .1 7 1 .0 3 1 .4 1 1 .1 9 3 .6 7
17 1 .3 6 1 .4 3 1 .6 1 1 .4 4 3 .9 6

F 5 i 5 6 1 .5 6 1 .5 6 1 .6 2 1 .5 7 4 .0 5
12 1 .7 5 1 .7 1 1 .8 4 1 .7 6 4 .1 0
18 1 .8 5 1 .9 9 £ .1 5 1 . 8 8 4 .0 5

*  1 u n i t  o f  p32 s  0*156  me* ( a s s a y e d  on  A u g u s t 16* 1 9 5 4 )*  
1 u n i t  o f  p31  e  a  c o n c e n t r a t i o n  o f  45  ppm*
r  *  m ic ro g ra m .
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i n  T re a tm e n t A .

Among th e  v a r io u s  t i s s u e s ,  t h e  p o d s h ad  a  h ig h e r  r a t i o  o f  

p 3 2 ,p 3 1  t h a n  l e a v e s  an d  s te m , w h i le  t h e  l a t t e r  tw o  h a d  a b o u t  t h e  

same r a t i o .  T h is  a l s o  i n d i c a t e s  t h a t  a  h i g h e r  r a t i o  o f  p 3 2 ,p 3 1  may 

e x i s t  i n  t h e  t i s s u e s  w i t h  h ig h  m e ta b o l i c  a c t i v i t i e s .

p 3 2 : p S l  R a t i o  o f  t h e  I s o to p e  M ix tu re  A c c u m u la te d  i n  
V a r io u s  S o y b ean  T i s s u e s  D u rin g  th e  T re a tm e n t p e r io d

D u rin g  t h e  t r e a t m e n t  p e r i o d ,  t h e  am o u n ts  o f  p32 a n d  p31  a b s o r b e d  

b y  t h e  p l a n t s ,  and  t h e i r  am o u n ts  a n d  r a t i o  a c c u m u la te d  i n  d i f f e r e n t  

t i s s u e s  e x c lu d in g  t h e  r o o t s  a r e  shown i n  T a b le  XV» I t  i s  a p p a r e n t  

t h a t  t h e  l e a f  t i s s u e  a c c u m u la te d  m uch m ore p31 t h a n  a n y  o t h e r  t i s s u e s  

i n  t h e  ab o v e  g ro u n d  p o r t i o n  o f  th e  s o y b e a n  p l a n t s .  The s te m  accum u

l a t e d  much l e s s  t h a n  th e  l e a v e s  an d  t h e  p o d s t h e  l e a s t .  In  t h e  c a s e  

o f  p 3 2 , a b o u t  t h e  same am oun t o f  t h e  i s o to p e  w as fo u n d  i n  p o d s  a s  

i n  t h e  s te m , h o w e v e r ,  t h e  am oun t w as f a r  l e s s  t h a n  t h a t  a c c u m u la te d  

i n  t h e  l e a v e s .  As f a r  a s  t h e  r a t i o  o f  p32 }p 3 l  i s  c o n c e r n e d ,  t h e  l e a 

v e s ,  d e s p i t e  h a v in g  th e  l a r g e s t  am o u n ts  o f  b o th  p32 an d  p31 accum u

l a t i o n ,  h a d  t h e  lo w e s t  p 3 2 : p31  r a t i o ,  w h i l e  t h e  p o d s h a d  t h e  h i g h e s t .  

From th e  d a t a  o f  T ab le  XV, i t  i s  c l e a r l y  show n t h a t  t h e  r a t i o  o f  

p32 sp31  0f  t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  in  e a c h  p l a n t  t i s s u e  o f  

t h e  same t r e a t m e n t  i s  i n v e r s e l y  r e l a t e d  t o  th e  i n c r e a s e  i n  t h e  p31 

c o n c e n t r a t i o n .  T h is  h a s  b e e n  d i s c u s s e d  b o t h  i n  E x p e r im e n ts  I I I  an d  

IV .



T a b le  T V .  A v erag e  A m ounts a n d  th e  R a t io  o f  p32 an d  p31 A c cu m u la ted  i n  t h e  
R e p l i c a t e d  S oy b ean  T i s s u e s  D u rin g  th e  T re a tm e n t P e r io d  i n  E x p e r im e n t  V

T r e a t 
m en t

T J h i t* r a t io  
o f  p 3 2 .p 3 1 I s o to p e * L eav es Stem p o d s

Top a s  
a  w h o le S o lu t i o n

A 1  * o p32
p31

3380 3160 3773 3440 8 7 .6

p32 jp S l --- — — mm mm ---
B 1  s 1 p32 10190 6023 6930 7527 1 6 1 .4

p31 5220 1730 650 2250 4 2 .8
p 3 2 jp 31 1 .9 5 3 .4 8 1 0 .6 6 3 .3 5 3 .7 7

C 1  : 2 p32 10440 5233 5140 6660 1 6 9 .3
P3 1 9530 2.600 1190 40 2 0 8 9 .2

p 3 2 jp 31 1 . 1 0 2 . 0 1 4 .3 2 1 . 6 6 1 .9 0

D 1 : 5 p32 8270 3347 3157 4653 1 6 6 .0
p31 17550 4070 2320 7160 2 0 7 .7

p 3 2 <p31 0 .4 7 0 .8 2 1 .3 6 0 . 6 6 0 .8 0

E 2  t 2 p32 23 9 4 0 12623 11650 13650 3 4 3 .7
p31 1 0 1 2 0 4070 1690 49 9 0 8 7 .8

p 3 2 jP 31 2 .5 7 3 .1 0 6 .8 9 2 .7 8 3 .9 1

F 5 * 5 p32 50940 17530 16633 26540 8 4 2 .6
p31 21080 3730 2650 8200 2 0 7 .3

p 3 2 sP31 2 .4 2 4 .7 0 6 .2 8 3 .2 4 4 .0 7

1 u n i t  o f  P ^ '  = 0*156  m e. j 1 u n i t  o f  p51 s  4 5  ppm*
+ P ^2 i n  1 0  o o u n ts  p e r  m in u te  p e r  g ram  o v e n - d ry  p l a n t  t i s s u e  o r  i n  1 0  c o u n ts

p e r  m i l l i l i t e r  s o l u t io n *  
p 3 l  i n  m ic ro g ra m  ( r )  p e r  gram  p l a n t  t i s s u e  o r  i n  m ic ro g ra m  p e r  m i l l i l i t e r  

s o l u t i o n .
p 3 2 : p31 i n  10 c o u n ts  p e r  m in u te  p e r  m icro g ram *
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Summary o f  E x p e r im e n t  V 

From  t h e  d a t a  o f  t h i s  e x p e r im e n t ,  s i m i l a r  r e s u l t s  a s  fo u n d  

i n  E x p e r im e n ts  I I I  an d  IV  h a v e  b e e n  o b ta in e d *  T hey a r e  b r i e f l y  

s t a t e d  a s  f o l l o w s :

1* A h i g h e r  r a t i o  o f  p 3 2 .p 3 1  w as o b s e r v e d  i n  t h e  p o d s .  The 

l e a f  an d  s te m  t i s s u e s  h a d  n e a r l y  t h e  same p S 2 : p31  r a t i o  a l th o u g h  

t h e i r  p31 c o n t e n t s  w e re  d i f f e r e n t *

2* D u rin g  t h e  t r e a t m e n t  p e r i o d ,  t h e  r a t i o s  o f  p 3 2 sp31 o f  

t h e  i s o t o p e  m ix tu r e  a c c u m u la te d  i n  d i f f e r e n t  p l a n t  t i s s u e s  w ere  

d i f f e r e n t *  T h e re  w as a n  i n v e r s e  r e l a t i o n s h i p  b e tw e e n  t h e  p 3 2 ,p 3 1  

r a t i o  an d  th e  am oun t o f  P ^ l  a c c u m u la te d .



GENERAL DISCUSSION 

The m o s t i n t e r e s t i n g  r e s u l t  o f  t h i s  s t u d y  i s  t h a t  n o  m a t t e r  how 

d i f f e r e n t  t h e  p e r c e n ta g e  o f  p 31  a c c u m u la te d  i n  d i f f e r ® t  p l a n t  t i s s u e s  

b e f o r e  o r  a f t e r  t r e a t m e n t ,  t h e  u l t i m a t e  r a t i o s  o f  p S 2 }p31 w e re  a lm o s t  

t h e  same* T h is  i n d i c a t e s  t h a t  some c l o s e  r e l a t i o n s h i p  e x i s t e d  b e tw e e n  

t h e  i s o t o p e s  p32 an d  p 31  i n  p l a n t  t i s s u e s .  F h o s p h o ru s ,  a s  i s  know n, 

i s  a b s o rb e d  b y  t h e  p l a n t  a n d  i n c o r p o r a t e d  i n t o  v a r i o u s  o r g a n ic  com pounds 

w h ic h  fo rm  t h e  b a s i c  c o n s t i t u e n t s  o f  t h e  p l a n t  c e l l s *  W henever t h e  

s u p p ly  o f  p h o s p h o ru s  i s  a b u n d a n t ,  a  lu x u r y  c o n s u m p tio n  m ay r e s u l t *

U nder t h e  e x p e r i m e n t a l  c o n d i t i o n s  o f  t h i s  s t u d y ,  t h e  p h o s p h o ru s  s u p p ly  

w as am ply  s u f f i c i e n t ,  an d  a  p a r t  o f  t h e  p h o s p h o ru s  a b s o r b e d  may h av e  

e x i s t e d  i n  t h e  p l a n t s  i n  t h e  u n a s s i m i l a t e d  o r  i n o r g a n i c  fo rm , an d  m o s t 

p r o b a b ly  i n  an  i o n i c  s t a t e .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  show 

t h a t  w hen t h e  p l a n t s  w i t h  t h e  p r e v io u s  a c c u m u la t io n  o f  p31 w ere  t r e a t e d  

w i t h  p32 o r  a  m ix tu r e  o f  P®2 a n d  p 3 1 , p32 a n d  t h e  r a t i o  o f  p 3 2 ,p 3 1  o f  

t h e  m ix tu r e  a b s o r b e d  b y  t h e  p l a n t s  w as n o t  o n ly  d i l u t e d  b y  t h i s  i n o r 

g a n ic  fo rm  p 3 1 , b u t  a l s o  d i l u t e d  b y  t h e  p 31  w h ic h  h a d  b e e n  a s s i m i l a t e d  

i n t o  t h e  t i s s u e s  a s  v a r i o u s  o r g a n ic  co m p o u n d s. T hese t y p e s  o f  d i l u t i o n  

e s p e c i a l l y  t h e  l a t t e r  p r o b a b ly  c a n  o n ly  b e  a c c o m p lis h e d  b y  d i r e c t  e x 

c h a n g e  r e a c t i o n  b e tw e e n  p32 an d  p 3 1 ,  i t  seem s t h a t  t h e  p31 f i x e d  in  

t h e  p l a n t  t i s s u e s  c a n  e x c h a n g e  c o n t i n u o u s l y  an d  f r e e l y  w i t h  P ®2 n ew ly  

a b s o rb e d  u n t i l  an  e q u i l i b r i u m  i s  r e a c h e d  b e tw e e n  th e m .

T h a t an  e x c h a n g e  r e a c t i o n  o c c u r s  am ong t h e  a to m s o r  io n s  o f  t h e
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same e le m e n t  i s  known* E v en  a n  i n s o l u b l e  i n o r g a n i c  com pound, when 

p u t  i n t o  w a t e r ,  w i l l  h av e  a t  l e a s t  a  s m a l l  num ber o f  m o le c u le s  

w h io h  came i n t o  t h e  s o l u t i o n  i n  t h e  fo rm  o f  io n s *  An e q u i l i b r i u m  

b e tw e e n  t h e s e  fe w  io n s  an d  t h e  u n d i s s o lv e d  m o le c u le s  i s  t h e n  e s t a 

b l i s h e d *  The e q u i l i b r i u m  i s  b e l i e v e d  t o  b e  d y n am ic  i n  n a tu r e *

A lth o u g h  t h e  c o n c e n t r a t i o n  o f  t h e  io n s  i n  t h e  s o l u t i o n  r e m a in s  

c o n s t a n t ,  t h e  io n s  i n  t h e  s o l u t i o n  may a g a in  becom e a  p a r t  o f  th e  

i n s o l u b l e  com pound w h i le  a n  e q u a l  num ber o f  io n s  com es o u t  t o  th e  

s o l u t i o n  a t  t h e  sam e tim e *  S u ch  phenom enon may be c o n s id e r e d  a s  an  

e x c h a n g e  among th e  same k in d  o f  io n s *  B u t w h e th e r  t h i s  i s  o n ly  a  

s u r f a o e  r e a c t i o n  o r  w h e th e r  t h e  e x c h a n g e  r e a c t i o n  may t a k e  p la c e  

among a l l  m o le c u le s  o f  t h e  i n s o l u b l e  com pound i s  n o t  known* F u r t h e r 

m o re , w h e th e r  s u c h  e x c h a n g e  c a n  o n ly  o c c u r  i n  th e  i n o r g a n i c  e l e c t r o 

l y t e s  o r  w h e th e r  i t  may a l s o  t a k e  p la c e  i n  t h e  v e r y  co m p lex  o r g a n ic  

com pounds i s  a l s o  a  q u e s t io n *  W ith  some i n f o r m a t i o n  now a v a i l a b l e ,  

t h e  a u t h o r  t r i e s  t o  d i s c u s s  th em  i n  t h e  f o l l o w in g  p a r a g r a p h s .

S in o e  an  e x c h a n g e  r e a c t i o n  e x i s t s  among th e  a to m s o f  t h e  same 

e l e m e n ts ,  i t  n a t u r a l l y  m u s t e x i s t  am ong t h e  d i f f e r e n t  i s o t o p e s  w i t h  

t h e  same a to m ic  n u m b er, f o r  a l l  p r o p e r t i e s  o f  d i f f e r e n t  i s o t o p e s  o f  

a n  e le m e n t  a r e  assu m ed  t o  b e  t h e  same e x c e p t  t h e  m ass a n d ,  f o r  

u n s t a b l e  i s o t o p e s ,  t h e  r a d i a t i o n .  S uch  e x c h a n g e  h a s  b e e n  d e m o n s t r a te d  

b y  many i n v e s t i g a t o r s  i n  v a r i o u s  p h a s e s  o f  t h e i r  w o rk .  H ow ever, t h e  

e x c h a n g e  i s  s u b j e c t  t o  some l i m i t a t i o n s .  D o u g las  e t  a l  (3 )  fo u n d  

t h a t  n o  e x c h a n g e  g r e a t e r  t h a n  th e  e x p e r im e n ta l  e r r o r  o c c u r r e d  b e tw e e n  

c a rb o n  d i s u l f i d e  an d  h y d ro g e n  s u l f i d e  c o n t a i n i n g  r a d i o a c t i v e  s3 5  in
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b e n z e n e  s o l u t i o n  a f t e r  n i n e t y - f i v e  h o u r s  a t  1 2 0 ° ; b u t  Tudge an d  

Thode (1 7 ) c la im e d  t h a t  t h e  e x c h a n g e  m ig h t  t a k e  p l a c e  i n  c a rb o n  

d i s u l f i d e  s o l u t i o n  th r o u g h  a  r e a c t i o n  by  th e  f o r m a t io n  o f  t h e  

i n t e r m e d i a t e  com pound, H2CS3* H ev esy  (6 )  re v ie w e d  t h e  w o rk  done 

b y  v a r io u s  i n v e s t i g a t o r s  an d  i n d i c a t e d  t h a t  no e x c h a n g e  i n t e r a c t i o n  

o c c u r r e d  b e tw e e n  t h e  s u l f u r  a to m s o f  s u l f i d e  o r  s u l f i t e  an d  s u l f a t e ;  

an d  b e tw e e n  t h e  p h o s p h o ru s  a to m s o f  d i f f e r e n t  fo rm s  o f  i n o r g a n i c  

p h o s p h a te s ,  prom  t h e s e  r e s u l t s ,  we may c o n c lu d e  t h a t  t h e  e x c h a n g e  

b e tw e e n  t h e  i s o t o p e s  may b e  a f f e c t e d  an d  i n h i b i t e d  t o  some e x t e n t  

b y  s e v e r a l  f a c t o r s ,  s u c h  a s  t h e  c h e m ic a l  fo rm  o f  t h e  i s o t o p e s ,  t h e  

s o l v e n t  o r  m edium  t h e y  a r e  i n ,  an d  e v e n  t h e  t e m p e r a tu r e  a s  i n  t h e  

e x a m p le s  g iv e n  by  H ev esy  i n  h i s  book  (6 )*  T h is  m ay h e l p  u s  t o  e x p l a i n  

t h e  p 3 2 .p 3 1  r a t i o  i n  t h e  h y d r o c h lo r i c  a c i d  e x t r a c t  o f  t h e  g r a v e l  i n  

E x p e r im e n t I*  I t s  e x t r e m e ly  low  r a t i o  may be due t o  t h e  f a i l u r e  o f  

p32 in  t h e  m in e r a l  n u t r i e n t  s o l u t i o n  t o  e x c h a n g e  w i t h  t h e  p31 p r e 

v i o u s l y  f i x e d  i n  t h e  g r a v e l  i n  c e r t a i n  n o n -e x c h a n g e a b le  i n o r g a n ic  

fo rm s  th r o u g h  v a r io u s  m e c h a n is m s .

E x ch an g e  b e tw e e n  t h e  i s o t o p e s  i n  o r g a n ic  com pounds d o e s  n o t  

seem  t o  t a k e  p l a c e ,  L u k o v n ik o v  e t  a l  ( 1 0 ) h e a te d  th e  d io x a n e  

s o l u t i o n s  o f  e q u i v a l e n t  am o u n ts  o f  (CH3 C6H4 ) 3 P04  an d  H3P 3 2 0 4 # 

(C4 Hg ) 3P04  and  Ha2 HP3 2 04 ,  ( i s o - C 4 H9 ) 3 P04  a n d  N a g H P ^ P O ^  (C6H1 3 ) 3 P04  

and  Na2HP32o4 ,  an d  (C2 H5 ) 3P0 4  a n d  Na2 HP®2 0 4  i n  s e a l e d  tu b e s  f o r  

tw e n ty  t o  t h i r t y  h o u r s  a t  1 0 0 -5 0 0  °C , an d  c o n c lu d e d  t h a t  no  e x c h a n g e  

o c c u r r e d ,  G o u rle y  (4 )  i n  h i s  s t u d y ,  m ix ed  t h e  a c i d  s o l u b l e  p h o s p h a te  

e s t e r s  w i t h  t r i - s o d i u m  p h o s p h a te  an d  p 3 2 . A f t e r  b e in g  a d j u s t e d  t o
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pH 8 ,  t h e  m ix tu r e s  w e re  s h a k e n  f o r  t h r e e  h o u r s  on a  W arburg  a p p a 

r a t u s  a t  a  r a t e  o f  a b o u t  70  o s c i l l a t i o n s  p e r  m in u te  w i t h  t h e  te m 

p e r a t u r e  m a in ta in e d  a t  3 7 ,0  ± 0*02 °C» He c o n o lu d e d  t h a t  t h e r e  w as 

no s im p le  e x c h a n g e  b e tw e e n  in o r g a n i c  p h o s p h a te  an d  t h e  p h o s p h a te  

g ro u p s  o f  e i t h e r  g l u c o s e - l - p h o s p h a t e ,  a d e n y l i c  a d d ,  2 ,3 - d ip h o s p h o -  

g l y c e r i c  a c i d  o r  a d e n o s in e  t r i p h o s p h a t e  o c c u r r e d ,  H ev esy  (6 )  h a s  

p o in t e d  o u t  t h e  s i m i l a r  r e s u l t s  o b t a in e d  b y  o t h e r  w o rk e r s  w i t h  r e s 

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

h e x o s e  m o n o p h o s p h a te ,  g ly c e r o p h o s p h a te ,  l e c i t h i n ,  c a s e i n ,  o r  n u c l e i c  

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

t h e  o rg a n is m  and  a t t r i b u t e d  t h e i r  f o r m a t io n  t o  t h e  en z y m ic  p r o c e s s  

w h ic h  i s  c o u p le d  w i t h  a n  e n e r g h - p r o d u c in g  s y s te m .  The r e s u l t s  o b t a in e d  

b y  C h a ik o f f  e t  a l  w ere  a l s o  d i s c u s s e d  w h ic h  show ed t h e  e x c h a n g e  w as 

n o t  duo t o  t h e  c o l l i s i o n  o r  a n y  s im p le  " p h y s i c a l ” e x c h a n g e  b e tw e e n  

t h e  l a b e l e d  p h o s p h a te  an d  n o n - l a b e l e d  p h o s p h a t id e  m o le c u le s ,  an d  

m o re o v e r ,  n o t  due  t o  t h e  r e v e r s i b i l i t y  o f  t h e i r  d e g r a d a t i o n .  The 

ab o v e  in f o r m a t io n  l e a d s  one t o  t h e  c o n c lu s i o n  t h a t  e x c h a n g e  b e tw e e n  

t h e  i s o t o p e s  i s  n o t  l i k e l y  t o  o c c u r  i n  t h e  o r g a n ic  f o r m s .  H ow ever, 

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

b e tw e e n  p32 a b s o r b e d  an d  p31 i n  v a r io u s  o r g a n ic  fo rm s  i n  t h e  p l a n t  

m u s t h av e  t a k e n  p l a c e .  The p 3 2 .p 3 1  r a t i o s  in  d i f f e r e n t  t i s s u e s  w h ic h  

h a d  h a d  d i f f e r e n t  p31  c o n t e n t s  w e re  so  u n i fo rm  t h a t  we c a n  n o t  e x p e c t  

t h e i r  u l t i m a t e  e q u a l  r a t i o s  r e s u l t e d  fro m  th e  d e g r a d a t i o n  a n d  r e - s y n -  

t h e s i s  o f  a l l  co m p lex  p h o s p h o r u s - c o n ta in in g  o r g a n ic  com pounds i n  t h e  

p l a n t  d u r in g  th e  tw o  w eek  t r e a t m e n t  p e r i o d ,  i f  o u r  r e a s o n i n g  i s  r i g h t .
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t h e  a lm o s t  e q u a l  r a t i o s  o f  p 3 2 jp 3 1  i n  v a r i o u s  p l a n t  t i s s u e s  may be 

a  r e s u l t  o f  t h e  e x c h a n g e  b e tw e e n  p32 i n  i n o r g a n i c  fo rm  a n d  p3 1  b o th  

i n  i n o r g a n i c  a n d  i n  v a r i o u s  co m p lex  o r g a n ic  f o r m s .  The e x c h a n g e  

r e a c t i o n  i s  v e r y  l i k e l y  a n  i n  t e  m o l e c u l a r  a n d  i n t e r  i o n i c  o n e .  The 

e x t e n t  o f  s u c h  e x c h a n g e  d e p e n d s  s o l e l y  on t h e  t o t a l  p32 an d  p31 

p r e s e n t  i n  t h e  p l a n t  n o t  on  t h e  am oun t o f  p31  i n  i n o r g a n i c  o r  o r g a n ic  

f o r m .

I f  i t  i s  t h e  i s o t o p i c  e x c h a n g e  w h ic h  r e s u l t e d  i n  t h e  same r a t i o  

o f  p 3 2 ,p 3 1  i n  v a r i o u s  p l a n t  t i s s u e s  o f  t h i s  s t u d y ,  t h e n  t h e  e x c h a n g e  

p r o c e s s  may be p o s t u l a t e d  a s  f o l l o w s ]  As so o n  a s  t h e  r o o t s  a b s o r b e d  

t h e  m ix tu r e  o f  p32 a n d  p31  fro m  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n ,  tw o  

p r o c e s s e s  t o o k  p l a c e  s i m u l t a n u o u s l y .  One w as  t h e  a c c u m u la t io n  o f  a  

p o r t i o n  o f  t h e  i s o t o p e  m ix tu r e  i n  t h e  r o o t s  a n d  t h e  o t h e r  w as th e  

e x c h a n g e  o f  p32 i n  t h e  m ix tu r e  w i t h  p31 p r e v i o u s l y  a c c u m u la te d .  

T h e r e f o r e ,  a s  f a r  a s  t h e  r a t i o  o f  p32 a n d  p31  w h ich  a c c u m u la te d  i n  

r o o t  t i s s u e s  a t  t h a t  m om ent i s  c o n c e r n e d ,  t h e  r o o t s  h a d  a  h i g h e r  

r a t i o  o f  p 3 2 ,p 3 1  t h a n  o r i g i n a l l y  p r e s e n t  i n  t h e  s o l u t i o n .  The i s o t o p e  

m ix tu r e  w i t h  a  r e l a t i v e l y  low  r a t i o  o f  p 3 2 ,p 5 1  w as c a r r i e d  u pw ard  

b y  t h e  t r a n s p i r a t i o n  s t r e a m  o r  o t h e r  m ech an ism s t o  t h e  d i f f e r e n t  p a r t s  

o f  t h e  p l a n t ,  i n  o t h e r  w o rd s ,  th e  p 3 2 t p31 r a t i o  i n  t h e  t r a n s p i r a t i o n  

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

As t h e  t r a n s l o c a t i o n  o f  p h o s p h o ru s  c o n t i n u e d ,  a  p o r t i o n  o f  t h e  i s o 

to p e  m ix tu r e  a c c u m u la te d  an d  a  p o r t i o n  o f  t h e  p 3 2 in  t h e  i s o t o p e  

m ix tu r e  b e in g  t r a n s l o c a t e d  c o n t in u e d  t o  e x c h a n g e  w i t h  t h e  p31 

a l r e a d y  p r e s e n t  i n  t h e  d i f f e r e n t  t i s s u e s .  T h e r e f o r e  t h e  r a t i o  o f
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p 3 2 ,p 3 1  i n  th e  m ix tu r e  w h ic h  w as b e in g  t r a n s l o c a t e d  w as g r a d u a l l y  

lo w e r e d .  A t t h a t  t i m e ,  t h e  p 3 2 : p31 r a t i o s  i n  -v a r io u s  p l a n t  t i s s u e s  

may n o t  be  t h e  sa m e . S in c e  p h o s p h o ru s  i s  a n  e a s i l y  r e d i s t r i b u t e d  

e le m e n t  i n  t h e  p l a n t ,  t h e  i s o t o p e  m ix tu r e  m oved i n  a n d  m oved o u t  o f  

t h e  t i s s u e s  c o n t i n u o u s l y .  The d i r e c t i o n  o f  i t s  m ovem ent w as n o t  

o n ly  fro m  th e  r o o t s  t o  a e r i a l  o r g a n s  b u t  a l s o  fro m  t h e  a e r i a l  o rg a n s  

t o  t h e  r o o t s ;  an d  t h e n ,  t h e  i s o t o p e  m ix tu r e  w as t r a n s l o c a t e d  upw ard  

a g a i n .  The c o n t in u o u s  a c c u m u la t io n  o f  t h e  i s o to p e  m ix tu r e  a n d  e x c h 

an g e  b e tw e e n  P®2 a n d  p31  d u r i n g  t h e  p r o c e s s  o f  t r a n s l o c a t i o n  r e s u l t e d  

i n  a  c o n s t a n t l y  c h a n g in g  e q u i l i b r i u m  b e tw e e n  t h e  p 3 2 : p31 r a t i o s  in  

t h e  p l a n t  t i s s u e s  and  t h e  i s o t o p e  m ix tu r e  b e in g  t r a n s l o c a t e d .  When 

t h e  r a t i o  o f  p 3 2 ,p 3 1  i n  a  c e r t a i n  t i s s u e  w as lo w e r  t h a n  t h a t  i n  th e  

c i r c u l a t e d  m i x t u r e ,  a n  e x t r a  p o r t i o n  o f  P$2 w as r e c e i v e d  b y  t h a t  

t i s s u e .  When i t  w as  h i g h e r ,  a n  e x t r a  p o r t i o n  o f  P®2 w as g iv e n  t o  

t h e  i s o to p e  m ix tu r e  i n  c i r c u l a t i o n .  F i n a l l y  w hen t h e  r a t i o s  i n  a l l  

t i s s u e s  w e re  i n  e q u i l i b r i u m  w i t h  t h e  p32 sp31  r a t i o  i n  t h e  m ix tu r e  

t r a n s l o c a t e d ,  a n  e q u a l  v a lu e  w as a t t a i n e d .  S in c e  t h e  p l a n t  a b s o r b s  

t h e  m i n e r a l  e l e m e n ts  c o n t i n u o u s l y  a s  lo n g  a s  t h e y  a r e  p r e s e n t  i n  t h e  

c u l t u r e  m edium , a  s l i g h t  d i f f e r e n c e  o f  t h e  p 3 2 ,p 3 1  r a t i o s  i n  v a r io u s  

p l a n t  t i s s u e s  m ig h t  a lw a y s  e x i s t .  The t im e  r e q u i r e d  f o r  e q u i l i b r i u m  

t o  b e  r e a c h e d  among t h e  r a t i o s  o f  p 3 2 : p31 in  d i f f e r e n t  p l a n t  t i s s u e s  

i s  s h o r t .  I n  t h i s  s t u d y ,  t h e  p l a n t s  w e re  h a r v e s t e d  one t o  tw o h o u r s  

a f t e r  t h e  l a s t  i r r i g a t i o n .  I t  i n d i c a t e s  a  new b a la n c e  o f  p32 an d  p31 

th r o u g h  e x c h a n g e  i n  t h e  p l a n t  c a n  be a c c o m p lis h e d  w i t h i n  one t o  tw o  

h o u r s .  H o w ev er, i f  t h e  t im e  i s  t o o  s h o r t ,  a  o o m p le te  b a la n o e  may n o t
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b e  r e a c h e d .  T h en , t h e  d i f f e r e n t  r a t i o s  o f  p 3 2 .p 3 1  i n  d i f f e r e n t  p l a n t  

t i s s u e s  may be  o b s e r v e d ,  u n f o r t u n a t e l y ,  how lo n g  a f t e r  t h e  l a s t  

i r r i g a t i o n  t h e  p l a n t  s a m p le s  w e re  t a k e n  i n  E x p e r im e n t  I  w as n o t  

r e c o r d e d .  O th e r w is e ,  some in f o r m a t i o n  m ig h t  be  a v a i l a b l e  t o  e x p l a i n  

t h e  muoh h i g h e r  r e s u l t s  o f  p 3 2 {p 31  r a t i o s  i n  l e a v e s  a n d  r o o t s .

The d e c r e a s e  o f  p 3 2 ,p 3 1  r a t i o  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  

a t  t h e  e n d  o f  th e  t r e a t m e n t  a s  co m p ared  w i t h  t h a t  a t  t h e  b e g in n in g  

i s  p r o b a b ly  due t o  t h e  i n c r e a s i n g  a d s o r p t i o n  o f  p32 on  t h e  w a l l s  o f  

t h e  o o n t a i n e r  a n d  th e  c o n n e c t io n s  i n  th e  o u l t u r a l  s y s te m  a n d  some 

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

b ecom es lo w e r  an d  lo w e r .  The a d s o r p t i o n o f  p32 on  th e  w a l l  o f  th e  

o o n t a i n e r  h a s  b e e n  n o t i c e d  an d  s t u d i e d  by  I s h i b a s h i  e t  a l  (7 )  a n d  

M a r t in  e t  a l  (1 1 )#  b u t  no in f o r m a t i o n  i s  a v a i l a b l e  o n  t h e  am oun t o f  

s u c h  a d s o r p t i o n  i n  t h e  p r e s e n c e  o f  d i f f e r e n t  l e v e l s  o f  p 3 1 .  A c c o rd in g  

t o  t h e  b a s i c  a s s u m p t io n s  i n  t h e  u s e  o f  r a d i o i s o t o p e s  i n  t r a c e r  w o rk , 

t h e  a d s o r p t i o n  o f  p h o s p h o ru s  on t h e  w a l l  o f  t h e  c o n t a i n e r  in v o lv e s  

b o th  p52 an d  p 3 1 . s i n c e  th e  p r o p e r t i e s  o f  th em  a r e  assu m ed  t o  be 

e x a c t l y  t h e  same e x c e p t  m ass  an d  r a d i a t i o n ,  t h e i r  r a t i o  i n  th e  m ix 

t u r e  a d s o r b e d  m u s t be  a l s o  t h e  same u n d e r  a n y  c o n d i t i o n .  I n  o t h e r  

w o rd s ,  t h e r e  s h o u ld  n o t  b e  a n y  d i f f e r e n t i a l  a d s o r p t i o n .  H o w ev er, we 

h a v e  c a r e f u l l y  c a l c u l a t e d  t h e  d a t a  an d  o b s e rv e d  t h a t  t h e  p l a n t  d id  

n o t  h a v e  t h e  p r e f e r e n t i a l  a b s o r p t i o n  b e tw e e n  th e  tw o . The r a t i o  o f  

p 3 2 .p 3 1  i n  t h e  i s o t o p e  m ix tu r e  a b s o r b e d  b y  th e  p l a n t  f o l lo w e d  o l o s e l y  

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

m e n t .  S in c e  t h e  r a d i o a c t i v i t y  o f  p32 i n  t h e  s o l u t i o n  a t  t h e  b e g in n in g
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h a s  b e e n  c o n v e r te d  t o  t h a t  a t  t h e  en d  o f  t h e  t r e a t m e n t ,  t h e  m uch 

lo w e r  p 3 2 ,p 3 1  r a t i o  i n  t h e  s o l u t i o n  a t  t h e  en d  o f  t h e  t r e a t m e n t  an d  

i n  t h e  p l a n t  a s  w e l l  m u s t be  due  t o  t h e  l o s s  o f  p32 i n  t h e  low  p31 

s o l u t i o n  d u r in g  th e  t r e a t m e n t  p e r i o d .  I t  wa3 n o t i c e d  t h a t  i n  a l l  

e x p e r im e n ts  c o n d u c te d  i n  1 9 5 4 , t h e  d i f f e r e n t  t r e a t m e n t s  w i t h  t h e  

same r a t i o  o f  p 3 2 jp 3 1  b u t  d i f f e r e n t  am o u n ts  o f  p32 an d  p31 h ad  

d i f f e r e n t  p 3 2 ,p 3 1  r a t i o s  i n  t h e  s o l u t i o n  e v e n  a t  t h e  b e g in n in g  o f  

t h e  t r e a t m e n t  p e r io d  b e f o r e  i r r i g a t i o n  ( s e e  T a b le  X V I) . S in c e  th e  

s o l u t i o n  sa m p le s  w e re  t a k e n  r i g h t  a f t e r  t h e  p32 a nd p31  w e re  ad d e d  

t o  an d  m ix ed  w i t h  t h e  s o l u t i o n ,  t h e  p o s s i b i l i t y  o f  t h e  d i f f e r e n t i a l  

a d s o r p t i o n  o f  p32 an d  p31 i s  g r e a t .  T a b le  XVI show s t h a t  t h e  p 3 2 .p 3 1  

r a t i o  i n c r e a s e d  w i t h  t h e  i n c r e a s e  o f  p 3 i  c o n c e n t r a t i o n  i n  t h e  s o l u t i o n .  

I n  t h e  s o l u t i o n s  w i t h  lo w e r  c o n c e n t r a t i o n s  o f  p 3 1 , t h e  l o s s  o f  p32 

i n  p r o p o r t i o n  t o  p31 i s  l a r g e r .  T h e r e f o r e ,  t h e  re d u c e d  r a t i o  o f  

p32 jp 3 1  a t  th e  e n d  o f  t h e  t r e a t m e n t  p e r io d  may be a  r e s u l t  o f  th e  

d i f f e r e n t i a l  a d s o r p t i o n  o f  p32 an d  p 3 1 , w hen th e  c o n c e n t r a t i o n  o f  

t h e  l a t t e r  becam e v e r y  low  a s  a  r e s u l t  o f  p l a n t  a b s o r p t i o n .

The p ro p o s e d  m ech an ism  f o r  t h e  r e d u c e d  p 3 2 ,p 3 1  r a t i o  a t  t h e  en d  

o f  t h e  t r e a t m e n t  p e r io d  d o e s  n o t  seem  t o  b e  i n  a g re e m e n t w i t h  w h a t 

we g e n e r a l l y  b e l i e v e .  H ow ever, i t  h a s  b e e n  fo u n d  t h a t  i s o t o p e  f r a c 

t i o n a t i o n  c a n  o c c u r .  Thode e t  a l  (1 6 )  fo u n d  t h a t  i n  n a t u r e ,  s u l f a t e s  

w h e th e r  p r e s e n t  a s  gypsum  d e p o s i t s  o r  i n  s o l u t i o n  w e re  e n r i c h e d  i n  

t h e  h e a v ie r  i s o t o p e s ,  w h i l e  t h e  h y d ro g e n  s u l f i d e  o f  s u i f u r e t t e d  w e l l  

w a te r s  w as u s u a l l y  low  i n  t h e s e  i s o t o p e s  e v e n  th o u g h  p r e s e n t  i n  th e  

same s o l u t i o n  w i t h  t h e  s u l f a t e s .  S ta b o  e t  a l  (1 5 )  c la im e d  t h a t  i n
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T a b le  X V I. I n f lu e n c e  o f  t h e  p31 C o n c e n t r a t io n  on th e  
p 3 2 jp 3 1  R a t io  i n  t h e  M in e r a l  N u t r i e n t  S o lu t i o n  

a t  t h e  B e g in n in g  o f  t h e  T re a tm e n t  p e r io d  
i n  E x p e r im e n ts  I I ,  I I I ,  IV  a n d  V

E x p e r i 
m en t

T r e a t 
m en t

U n i t * r a t i o  
o f  p 3 2 ,  p31

C o n c e n t r a t io n  
i n  s o l u t i o n  

p 3 2 *  p31 
( p c / 1 ) (ppm)

P3 2 ,p 3 1 ir
o b s e r v e d

I I A 1  X 1 9 ,8 7 2 0 2 .7 3
D 2  t 2 1 9 .7 4 4 0 2 .9 3
E 5 x 5 4 9 .3 4 1 0 0 3 .0 2

I I I B 1  X 1 1 5 .2 2 1 0 2 .0 8
E 2  x 2 3 0 .4 3 2 0 2 . 2 0
F 5 x 5 7 6 .3 2 50 2 .1 5

IV B 1  X 1 9 .2 8 62 3 .7 7
E 2  x 2 1 8 .5 6 124 3 .9 1
F 4 x 4 3 7 .1 2 248 4 .0 7

V B 1  X 1 1 0 .7 1 45 3 .5 4
E 2 x 2 2 1 .4 3 90 3 .6 4
F 5 x 5 5 3 .5 7 22 5 3 ,8 5

* See T a b le s  V I I ,  V I I I ,  X I an d  X IV .-
+ The am ount h a s  b e e n  c o n v e r t e d  t o  th e  d a t e  w hen th e

t r e a t m e n t s  w e re  m ad e .
The r a t i o  i s  i n  lO c /W r  e x c e p t  i n  E x p e r im e n t  I I I  w h e re
t h e  r a t i o  i s  i n  lO ^ c /m / r .



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

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

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

The e x p l a n a t i o n  f o r  t h e  m ark ed  d i f f e r e n t  i s o t o p i c  a b u n d a n c e s  o f  

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

w a te r  s a m p le s  w e re  s u g g e s te d  b y  Thode e t  a l  (1 6 ) a s  t h e  r e s u l t  o f  

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

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

l a b o r a t o r y .  Tudge a n d  Thode (1 7 )  p o i n t e d  o u t  t h a t  t h e  i s o t o p e s  o f  

o t h e r  l i g h t  e le m e n ts  do d i f f e r  i n  t h e i r  c h e m ic a l  p r o p e r t i e s  a n d  t h a t  

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

on  t h e  v i b r a t i o n a l  f r e q u e n c i e s  o f  t h e  m o le c u le s ,  w h io h  i n  t u r n  d e p e n d  

on  th e  m a s s e s  o f  t h e  a to m s i n  t h e  m o le c u le s  so  t h a t  t h e r e  i s  a  t h e o 

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

s u b s t a n c e s .  L in d s a y  e t  a l  (9 )  m ade a  s tu d y  on  t h e  r e l a t i v e  r a t e  o f  

d e c a r b o x y l a t i o n  o f  tw o  i s o t o p i o  s p e c i e s  o f  m a lo n ic  a c i d ,  one c o n 

t a i n i n g  o n ly  c a rb o n  a to m s an d  t h e  o t h e r  c o n t a i n i n g  a  c ! 3  c a rb o n  

a to m  i n  a  c a r b o x y l  p o s i t i o n .  They fo u n d  a  3 .3%  f a s t e r  r a t e  o f  r e a c 

t i o n  f o r  t h e  m o le c u le  c o n t a i n i n g  o n ly  c a rb o n  a to m s an d  a  2% 

g r e a t e r  p r o b a b i l i t y  o f  r u p t u r e  o f  a  t o n d  t h a n  a  c ! 2 - c l 3  b o n d

i n  t h e  m o le c u le  c o n t a i n i n g  a  cl®  c a r b o n .  The r e s u l t s  o f  t h e  a b o v e -  

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

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

o f  t h e  same e le m e n t  t h a n  we h a v e  h i t h e r t o  r e a l i z e d .  I t  i s  t h e r e f o r e ,
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p r o b a b le  t h a t  a  d i f f e r e n t i a l  a d s o r p t i o n  o f  p32 a n d p31  may o o c u r  

u n d e r  t h e  c o n d i t i o n  o f  low  p31 c o n c e n t r a t i o n s .  Of c o u r s e ,  t h e  s u r 

f a c e  e x c h a n g e  o f  p32 w i t h  p31  f i x e d  a s  i n s o l u b l e  p h o s p h o ru s  com pounds 

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

t h e  r e d u o e d  r a t i o  o f  p 3 2 |P 3 1  i n  t h e  s o l u t i o n  a t  t h e  end  o f  t h e  t r e a t 

m en t p e r i o d .

I f  t h e  r e d u c e d  r a t i o  o f  p 3 2 ,p 3 1  i n  t h e  n u t r i e n t  s o l u t i o n  a t  

t h e  en d  o f  th e  t r e a t m e n t  p e r io d  i s  due t o  t h e  i n c r e a s i n g  a d s o r p t i o n  

o f  p32 when th e  p31  c o n c e n t r a t i o n  becom es lo w e r ,  t h e  r e s u l t s  o f  t h i s  

s tu d y  may h av e  some p r a c t i c a l  im p o r ta n c e .  The u s e  o f  r a d i o a c t i v e  

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

some p r e c a u t i o n s ,  b e c a u s e  th e  r a d i o i s o t o p e s ,  p32 a s  a n  e x a m p le ,  may 

a d s o r b  t o  a  g r e a t e r  e x t e n t  on th e  s u r f a c e  o f  s o i l  p a r t i c l e s  w hen  

t h e  am oun t o f  t h e  c a r r i e r  i s  g r a d u a l l y  d e c r e a s e d  a s  a  r e s u l t  o f  p l a n t  

a b s o r p t i o n .  I n  t h i s  c a s e ,  t h e  r a t i o  o f  p 3 2 .p 3 1  fo u n d  i n  t h e  p l a n t  

d o e s  n o t  r e p r e s e n t  t h e  r a t i o  o r i g i n a l l y  p r e s e n t  i n  t h e  l a b e l l e d  

f e r t i l i z e r  so  t h a t  th e  q u a n t i t a t i v e  e s t i m a t i o n  fro m  p32 w i l l  g iv e  

a n  i n a c c u r a t e  r e s u l t .  H ow ever, i f  a n  e x c e s s  o r  a  l a r g e  am oun t o f  

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

r a d i o a c t i v e  i s o to p e  fro m  b eco m in g  i n c r e a s i n g l y  a d s o r b e d ,  t h e  e r r o r s  

may becom e v e r y  s m a l l .  The l a t t e r  c a s e  h a s  b e e n  show n i n  t h e  t r e a t 

m e n ts  w i t h  h i g h  p31  c o n c e n t r a t i o n  i n  t h i s  s t u d y .  I n  t h e s e  t r e a t m e n t s ,  

l i t t l e  d i f f e r e n c e  b e tw e e n  t h e  r a t i o s  o f  p 3 2 }p31  a t  t h e  b e g in n in g  

an d  a t  t h e  en d  o f  t h e  t r e a t m e n t  w as f o u n d .  H ow ever, t h e  p ro b a b le
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e f f e o t  o f  i s o t o p i c  e x c h a n g e  i n  t h e  s o i l  b e tw e e n  t h e  r a d io e l e m e n t  

ad d e d  an d  t h e  o r d i n a r y  i s o t o p e  o r i g i n a l l y  p r e s e n t  i n  t h e  s o i l  may 

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

i s o t o p e  t o  t h e  c a r r i e r  an d  t o  v a r io u s  fo rm s  o f  th 6  o r d i n a r y  i s o t o p e  

i n  t h e  s o i l ,  b o th  a t  t h e  b e g in n in g  an d  a t  t h e  e n d  o f  t h e  e x p e r im e n t ,  

s h o u ld  a l s o  be t a k e n  i n t o  c o n s i d e r a t i o n .

Some o t h e r  i n f o r m a t i o n  fro m  t h e  r e s u l t s  o f  t h i s  s t u d y  may a l s o  

b e  h e l p f u l  i n  t r a c e r  w o rk .  T h is  i s  t h e  o b s e r v e d  e x c h a n g e  phenom enon 

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

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

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

m uch o r d i n a r y  i s o t o p e  i s  a b s o r b e d  a f t e r  t h e  r a d i o i s o t o p e  i s  i n t r o 

d u c e d .  H ow ever, w hen th e  w h o le  p l a n t  i s  a n a ly s e d  o r  i f  t h e r e  i s  no 

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

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



CONCLUSION AND SUMMARY

The e x c h a n g e  phenom enon o f  p32 an d  p31  i n  t h e  p l a n t  w as s t u d i e d  

w i t h  f i v e  e x p e r im e n ts  i n c l u d i n g  t h r e e  c r o p s  o f  c o r n  a n d  one c r o p  

e a c h  o f  to m a to  a n d  s o y b e a n  w h ic h  w e re  g ro w n  i n  g r a v e l ,  g r a v e 1 - s a n d  

an d  s a n d  c u l t u r e s  r e s p e c t i v e l y .  The r e s u l t s  a r e  c o n c lu d e d  a n d  

su m m arized  a s  f o l l o w s j

1 .  An i s o t o p i c  e x c h a n g e  b e tw e e n  p32 a n d  P ^ l  w as fo u n d  i n  th e  

p l a n t  t i s s u e s  o f  a l l  e x p e r im e n ts  i n  t h i s  i n v e s t i g a t i o n ,  The p 3 2 .p 3 1  

r a t i o s  i n  v a r io u s  p l a n t  t i s s u e s  w e re  a p p r o x im a te ly  t h e  same no 

m a t t e r  how d i f f e r e n t  t h e  p31 c o n t e n t s  i n  d i f f e r e n t  t i s s u e s  w e re  an d  

w h e th e r  o r  n o t  t h e r e  w as p r e v io u s  a c c u m u la t io n  o f  p 3 1 . p32 n o t  o n ly  

e x c h a n g e d  w i t h  p31 i n  i n o r g a n i c  o r  u n a s s i m i l a t e d  fo rm  b u t  a l s o  i n  

v a r io u s  co m p lex  o r g a n ic  f o r m s .  I t  i s  s u g g e s te d  t h a t  t h e  i s o t o p i c  e x 

ch a n g e  o f  p32 an d  p31 i n  p l a n t s  i s  i n t e r m o l e c u l a r  an d  i n t e r i o n i c  i n  

n a tu r e *

2 .  A lth o u g h  t h e r e  w as e x c h a n g e  b e tw e e n  p32 a n d p31 i n  t h e  p l a n t ,  

t h e  t o t a l  p32 a n d p31 a b s o r b e d  d u r in g  t h e  t r e a t m e n t  p e r io d  w e re  i n  

t h e  same r a t i o  a s  th e  p32 and  p31 i n  t h e  m in e r a l  n u t r i e n t  s o l u t i o n .

In  o t h e r  w o rd s ,  t h e  am oun t o f  t h e  s t a b l e  p h o s p h o ru s  p 31  p r e v io u s l y  

a c c u m u la te d  i n  t h e  p l a n t  may h a v e  an  e f f e c t  on t h e  am o u n ts  o f  p32 

a n d  p31  a b s o r p t i o n  b u t  h a s  no  e f f e o t  on  t h e i r  r a t i o .

3 .  When t h e r e  w as p r e v io u s  a c c u m u la t io n  o f  p31  i n  t h e  p l a n t ,  

t h e  p o r t i o n s  o f  t h e  i s o to p e  m ix tu r e  a b s o r b e d  d u r in g  t h e  t r e a t m e n t
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p e r io d  a c c u m u la te d  i n  d i f f e r e n t  t i s s u e s  i n  w id e ly  d i f f e r e n t  r a t i o s ,  

d e p e n d in g  u p o n  b o th  th e  am o u n ts  o f  p31 p r e v i o u s l y  a c c u m u la te d  an d  

p31 a c c u m u la te d  d u r in g  t h a t  p e r i o d ,  A p o s i t i v e  r e l a t i o n s h i p  w as 

o b s e r v e d  w i t h  t h e  fo rm e r  an d  w i t h  t h e  l a t t e r  t h e r e  w as a  n e g a t iv e  

r e l a t i o n s h i p ,

4 ,  I t  i s  p ro p o s e d  t h a t  w hen t h e r e  i s  p r e v io u s  a c c u m u la t io n  o f  

P3 ! ,  t h e  f i n a l  a lm o s t  same r a t i o s  o f  p 3 2 ,p 3 I  i n  d i f f e r e n t  t i s s u e s  

a r e  b r o u g h t  a b o u t  b y  th e  c o n t in u o u s  e x c h a n g e  b e tw e e n  p31  p r e v i o u s l y  

a c c u m u la te d  a n d  p32 i n  t h e  i s o t o p e  m ix tu r e  b e in g  t r a n s l o c a t e d  upw ard  

an d  dow nw ard d u r in g  t h e  t r e a t m e n t  p e r i o d ,

5 ,  The r a t i o  o f  p32 sp31  i n  t h e  m i n e r a l  n u t r i e n t  s o l u t i o n  a t  

t h e  en d  o f  t h e  t r e a t m e n t  p e r io d  w as fo u n d  t o  be lo w e r  t h a n  a t  t h e  

b e g i n n i n g .  The r a t i o  i n  o v e r a l l  p l a n t  t i s s u e s  w as t h u s  a f f e c t e d .

I t  i s  s u g g e s te d  t h a t  t h e  lo w e r in g  o f  p 3 2 .p 3 1  r a t i o  w as m a in ly  due 

t o  t h e  a d s o r p t i o n  o f  a  l a r g e r  p o r t i o n  o f  p32 i n  r e l a t i o n  t o  p31 on 

t h e  w a l l  o f  t h e  c o n t a i n e r s  an d  c o n n e c t io n s  i n  t h e  c u l t u r a l  s y s te m , 

e s p e c i a l l y  w hen th e  c o n c e n t r a t i o n  o f  p31 i n  t h e  s o l u t i o n  becam e 

v e r y  low a s  a  r e s u l t  o f  p l a n t  a b s o r p t i o n ,  Tflhen t h e r e  w as p31 f i x e d  

i n  t h e  g r a v e l  o r  i n  t h e  s a n d  p r e v io u s  t o  th e  p 3 2 -p 3 l  t r e a t m e n t ,  a t  

l e a s t  t h e  s u r f a c e  e x c h a n g e  o f  p 32 w i t h  P31 f i x e d  i n  i n s o l u b l e  fo rm  

may a l s o  c o n t r i b u t e  t o  th e  r e d u c e d  p 3 2 .p 3 1  r a t i o  i n  t h e  s o l u t i o n ,

6 ,  S in c e  t h e  e x c h a n g e  b e tw e e n  p32 an d  p31  o c c u r s ,  s e v e r a l  

f a c t o r s ,  s u c h  a s  t h e  i s o t o p i c  e x c h a n g e  i n  t h e  c u l t u r e  m edium , t h e  

c o n c e n t r a t i o n  o f  th e  c a r r i e r ,  p r e v io u s  a c c u m u la t io n  o f  t h e  c a r r i e r  

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



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

f e r t i l i t y  and  p l a n t  n u t r i t i o n a l  s t u d i e s .  The m e a su re m e n t o f  p32 

i n  a n y  s i n g l e  p l a n t  t i s s u e  c a n n o t  b e  r e l i e d  on  a s  a  t r u e  i n d i o a t i o n  

o f  p51 a b s o r p t i o n  w hen t h e r e  h a s  b e e n  p r e v io u s  a c c u m u la t io n  o f  p31 

i n  t h e  p l a n t .



APPENDICES

A p p e n d ix  T a b le  I .  D ry W e ig h t*  o f  V a r io u s  C orn  T i s s u e s  i n  E x p e r im e n t I

T r e a t 
m en t

u n i t *
r a t i o

R e p l i 
c a t e

U pper
le a v e s

Lower
le a v e s Stem E a r R o o ts T o ta l

p32 jP 31 P o t n o . gm gm gm gm gta gm

A 0  , 1 1 1 0 ,6 9 .2 3 6 .1 6 8 .4 2 3 .1 1 4 9 .7
9 7 .3 8 .5 2 6 .8 6 3 .6 1 4 .5 1 2 0 .7

19 7 .0 1 0 .3 3 2 .6 5 0 .8 2 3 .2 1 2 3 .9

B 1 : 0 3 8 .4 9 .7 3 6 .6 6 9 .9 1 7 .7 1 4 2 .3
11 9 .9 1 3 .1 4 0 .5 7 2 .3 2 4 .5 1 6 0 .3
21 1 0 .0 1 0 .4 3 8 .5 3 9 .5 2 7 .7 1 2 6 .1

C 1 * 1 5 7 .1 9 .5 3 2 .4 5 6 .5 1 7 .2 1 2 2 .7
13 9 .9 8 .9 3 7 .0 4 6 .7 2 6 .0 1 2 8 .5
23 1 0 .4 8 .1 4 6 .0 3 2 .0 2 1 .2 1 1 7 .7

D 1 : 2 0 7 9 .3 9 .8 3 4 .4 4 9 .7 1 7 .4 1 2 0 .6
17 7 .2 7 .9 2 9 .6 3 5 .3 2 1 .6 1 0 1 .6
25 7 .2 9 .7 2 9 .3 3 7 .0 1 7 .3 1 0 0 .5

* On d r y  b a s i s  (o v e n -d ry  a t  70 °C )»
♦ 1 u n i t  o f  p32 = 1 m o, (a s s a y e d  on  J u l y  2 ,  1953 b u t  n o t  c o n v e r te d  t o  t h a t

a t  t h e  t im e  th e  i s o to p e  w as u s e d )  i n  1 5 , 2 - l i t e r  m i n e r a l  n u t r i e n t  s o l u t i o n ,
1 u n i t  o f  p 3 i  = a  c o n c e n t r a t i o n  o f  10 ppm.



A p p en d ix  T ab le  I I .  R a d i o a c t i v i t y * o f  p32 in  th e  T re a tm e n t S o lu t i o n  and  
V a r io u s  C o rn  T is s u e s  i n  E x p e r im e n t  I

T r e a t -  T Jnit+ R e p l i -  U pper Lower W hole T re a tm e n t
m en t r a t i o  c a te  l e a v e s  l e a v e s  Stem  E a r  R o o ts  p l a n t  s o l u t i o n

p 3 2 ,p 3 1  p o t  n o .  IQ ^ c /n /g  1 0 2 c /m /g  1 0 2 c /n /g  1 0 2 o /fc /g  1 0 2 c /fe /g  102c/4a/g  o /n / f e l
B 1 t  o 3 11447 7665 780 4600 3774 4 1 2 9 8428

11 9653 7093 1902 4114 4039 4142 8415
21 7694 5537 1665 4828 3853 3934 8605

C 1 * 1 5 14918 11715 1412 6224 2958 5424 11642
13 12104 8921 2679 5864 3707 5203 11940
23 12290 8761 3296 6319 5160 5624 12229

D 1 * 20 7 4222 3440 651 790 2805 1521 12044
17 4411 3278 651 790 2613 1587 11608
25 5673 5159 670 1182 28 0 5 2018 11521

* A l l  r a d i o a c t i v i t y  w as c o n v e r te d  t o  t h a t  w hen t h e  p l a n t s  w e re  h a r v e s t e d .  
+ See A p p e n d ix  T a b le  I .



Appendix Table I I I ,  Percentage Content of p31 in  th e  Treatm ent S o lu tio n  and
Various Corn T issues in  Experiment I

T r e a t 
m ent

U n it*
r a t i o

R e p l i 
c a te

U pper
le a v e s

Lower
le a v e s Stem E a r R o o ts

W hole
p l a n t

T re a tm e n t
s o l u t i o n

p 3 2 }p31 P o t n o . % % % % % % ppm

A 0  : 1 1 0 ,2 9 0 0 .2 6 5 0 .0 6 8 0 .2 4 8 0 .1 2 6 0 .1 8 7 1 0 .3 0
9 0 ,3 1 3 0 .2 6 8 0 .1 3 8 0 .2 7 6 0 .1 3 2 0 .2 3 0 1 0 .3 0

19 0 .2 4 8 0 .2 4 3 0 .1 2 3 0 .2 5 4 0 .1 3 6 0 .1 9 6 1 1 .3 0

B 1 i o 3 0 .2 1 8 0 .2 0 8 0 .0 2 9 0 .2 0 8 0 .0 8 4 0 .1 4 7 0 .0 0
11 0 .2 0 8 0 .2 1 8 0 .0 9 7 0 .2 0 2 0 .0 8 0 0 .1 5 9 0 .0 0
21 0 .1 7 3 0 .1 9 5 0 .0 6 6 0 .2 1 6 0 .0 8 0 0 .1 3 5 0 .0 0

C 1 : 1 5 0 .3 6 3 0 .3 3 5 0 .0 7 4 0 .2 7 6 0 .1 2 2 0 .2 1 1 1 0 .3 0
13 0 .3 1 0 0 .3 0 0 0 .1 3 3 0 .2 7 0 0 .1 3 6 0 .2 0 9 1 0 .3 0
23 0 .2 7 8 0 .3 0 3 0 .1 2 8 0 .2 5 0 0 .2 2 6 0 .2 0 4 1 0 .4 0

D 1 s 2 0 7 0 .9 0 5 0 .8 3 0 0 .2 6 3 0 .3 7 5 0 .7 3 5 0 .4 7 3 2 1 7 .0 0
17 U.92& 0 .8 8 0 0 .2 7 0 0 .3 4 0 0 .6 4 b 0 .4 6 8 2 1 7 .0 0
25 1 .0 3 5 1 .2 8 0 0 .2 1 0 0 .3 5 0 0 .5 0 5 0 .4 7 5 2 0 9 .0 0

* See A p p en d ix  T a b le  I ,



Appendix Table IV. Dry Weight* o f Various Corn T issues in  Experiment I I

T re a tm e n t Unit*" r a t i o  R e p l i c a t e  L eav es  S tem  R o o ts  T o ta l
p 3 2 : p31 P o t no* gm gm gm gm

A 1 * 1 1 1 7 .3 1 0 .6 6 .3 3 4 .2
6 2 3 .0 1 4 .8 6 .5 4 4 .3

11 2 1 .7 1 6 .5 7 .3 4 5 .5

B 1 » 2 2 2 1 .2 12. 8 6 .2 4 0 .2
7 2 0 .7 1 5 .1 6 .5 4 2 .3

12 1 6 .3 1 1 .2 4 . 6 3 2 .1

C 1 * 5 3 1 9 .3 1 0 .6 7 .3 3 7 .2
8 1 8 .0 1 1 .6 6 .3 3 5 .9

15 1 6 .8 1 0 .9 6 .0 3 3 .7

D 2 s 2 4 2 0 .8 1 6 .0 7 .7 4 4 .5
9 2 0 .4 1 3 .6 6 .4 4 0 .4

14 2 0 .7 1 4 .6 6 .1 4 1 .4

E 5 s 5 5 1 3 .6 7 .0 4 .4 2 5 .0
10 1 5 .8 1 2 .8 6 .3 3 4 .9
16 1 7 .1 1 1 .6 5»4 3 4 .1

* On o v e n -d ry  b a s i s .
+ 1 u n i t  o f  p32 -  0 *166  m e .( a s s a y e d  on A u g u s t 1 6 , 1954 b u t  n o t  c o n v e r te d

t o  t h a t  a t  t h e  t im e  th e  i s o to p e  w as u s e d )  i n  15*2- l i t e r  m i n e r a l  n u t r i e n t  
s o l u t i o n .
1 u n i t  o f  p 31  = a  c o n c e n t r a t i o n  o f  20  ppm.



Appendix Table V* R ad io ac tiv ity *  o f p32 in  th e  Treatment S o lu tio n  and
Various Corn T issues in  Experiment I I

T re a tm e n t U n it*  r a t i o R e p l i c a t e Ijeav es Stem R o o ts
W hole
p l a n t

T re a tm e n t
s o l u t i o n

p 3 2 .p 3 1 P o t  n o . 1Q2c /m /g 1 0 2 c /m /g 102c/4c/g 1 0 2 c /n /g c /n / in l

A 1 : 1 1 1146 1646 997 1274 739
6 1101 1220 811 1098 663

11 973 1152 1052 1051 670

B 1 : 2 2 1119 1342 1009 1173 729
7 838 1207 988 993 688

12 979 1479 997 1156 653

C 1 : 5 3 387 503 634 469 714
8 415 613 677 525 686

13 317 491 659 434 683

D 2 j 2 4 1573 1957 1567 1710 1405
9 1363 1909 1506 1569 1371

14 1781 2671 1899 2112 1318

E 5 : 5 5 1967 3000 3549 2535 3534
10 1811 2433 3967 2428 3466
15 2271 3342 4537 2994 3407

* A ll r a d io a c t iv i ty  was converted  to  th a t  when th e  p lan ts  were harvested*
+ See Appendix Table IV.



Appendix Tatole VT. Percentage Content of p31 in  the  Treatment S o lu tio n  and
Various Corn T issues in  Experiment I I

T re a tm e n t U n it*  r a t i o R e p l i c a t e L ea v e 3 Stem R o o ts
W hole
p l a n t

T re a tm e n t
s o l u t i o n

p32 .p 3 1 P o t  n o . % % % % ppm

A 1 j 1 1 0 .4 0 0 0 .5 4 5 0 .3 7 5 0 .4 4 0 2 0 .5
6 0 .3 5 5 0 .4 2 5 0 .3 2 0 0 .3 7 3 1 8 .5

11 0 .3 1 5 0 .3 9 0 0 .3 9 0 0 .3 5 4 2 0 .0

B 1 * 2 2 0 .6 3 0 0 .7 8 0 0 .6 1 5 0 .6 7 5 3 8 .0
7 0 .5 1 0 0 .7 1 5 0 .5 9 5 0 .5 9 6 3 7 .5

12 0 .5 8 0 0 .8 5 5 0 .6 2 0 0 .6 8 2 3 8 .0

C 1 : 5 3 0 .4 8 0 0 .6 6 5 0 .8 3 5 0 .6 0 2 8 9 .0
8 0 .5 8 0 0 .7 6 5 0 .9 5 0 0 .7 0 5 9 1 .0

13 0 .4 4 5 0 .6 5 5 0 .9 3 0 0 .5 9 9 9 1 .0

D 2 j 2 4 0 .4 6 0 0 .5 8 5 0 .5 1 0 0 .5 1 4 3 7 .5
9 0 .4 0 5 0 .5 7 5 0 .4 9 0 0 .4 7 6 3 7 .5

14 0 .5 3 0 0 .7 9 5 0 .6 0 0 0 .6 3 4 3 7 .5

E 5 j 5 5 0 .5 2 5 0 .7 8 0 0 .9 7 0 0 .6 7 5 8 9 .5
10 0 .4 9 0 0 .6 8 0 1 .1 1 0 0 .6 7 2 9 1 .0
15 0 .5 8 5 0 .9 1 0 1 .3 1 5 0 .8 1 1 9 0 .5

+ See Appendix Table IV*



Appendix Table V II. Dry W eight*of Various Corn T issues in  Experim ent I I I

T r e a t 
m ent

U n it*
r a t i o

R e p l i 
c a te

U pper
le a v e s

Lower
le a v e s

T a s s e l S h e a th  
& Stem

R o o ts T o ta l

p 3 2 jP31 P o t n o . gm gm gm gm gm gm
A 1 : 0 1 23*9 1 3 .9 6 .3 5 0 .6 2 0 .8 1 1 5 .5

7 1 7 .8 1 2 .0 9 .0 3 9 .5 1 6 .4 9 4 .7
13 1 9 .4 1 3 .8 8 .3 5 8 .3 2 2 .1 1 2 1 .9

B 1 t 1 2 1 7 .2 1 2 .8 7 .0 4 5 .6 1 8 .1 1 0 0 .7
8 2 6 .2 1 1 .8 1 0 .4 6 8 .7 2 5 .6 1 3 2 .7

14 1 7 .9 1 4 .1 7 .1 4 1 .4 1 6 .4 9 6 .9

C 1 s 5 3 1 4 .6 1 1 .0 1 0 .8 5 2 .1 1 9 .5 1 0 8 .0
9 1 6 .5 1 0 .5 1 0 .5 3 8 .8 1 7 .2 9 3 .5

15 1 9 .2 9 .8 9 .4 5 1 .5 1 3 .8 1 0 3 .7

D 1 : 10 4 2 4 .8 1 5 .3 8 .2 6 3 .8 2 6 .6 1 3 8 .7
10 1 9 .5 1 8 .0 9 .5 4 7 .7 2 0 .5 1 1 5 .2
16 1 5 .2 1 4 .8 7 .5 4 2 .9 1 5 .4 9 5 .8

E 2 : 2 5 1 6 .9 1 4 .0 8 .0 3 8 .0 2 0 .3 9 7 .2
11 1 6 .5 1 5 .2 5 .5 4 0 .1 1 5 .0 9 2 .3
17 1 6 .5 1 3 .1 6 .3 3 3 .3 1 5 .0 8 4 .2

F 5 , 5 6 1 6 .8 1 5 .6 6 .8 4 4 .0 1 8 .4 1 0 1 .6
12 1 2 .9 1 3 .0 5 .8 3 2 .3 1 5 .1 7 9 .1
18 2 2 .3 1 2 .4 9 .4 4 9 .2 1 9 .3 1 1 2 .6

* On o v e n - d ry  b a s i s .
+ 1 u n i t  o f  p32 -  0 .2 7  m e . (a s s a y e d  on Ju n e  7 ,  1954 b u t  n o t  c o n v e r te d  t o  t h a t

a t  t h e  t im e  th e  i s o to p e  w as u s e d )  i n  1 5 . 2 - l i t e r  m in e r a l  n u t r i e n t  s o l u t io n *
1 u n i t  o f  p31 s  a  c o n c e n t r a t i o n  o f  10 ppm.



Appendix Table VIII* R ad io ac tiv ity *  of p32 in  th e  Treatment S o lu tio n  and
Various Corn T issues in  Experiment I I I

T r e a t 
m en t

U n it*
r a t i o

R e p l i -
o a te

U pper Lower 
l e a v e s  le a v e s

T a s s e l S tem R o o ts VJhole
p l a n t

T re a tm e n t
s o l u t i o n

P32 sp31 p o t  no* 1 0 2 c /n /g  1 0 2 c /n /g  1 0 2 c /tn /g  102< j/k /g  1 0 ^ o / m / g  lO ^ c /n /g c / a / f c l

A 1 : 0 1 2353  1478 3072 1411 1952 1802 2564
7 2782 1738 3598 1591 1813 2063 2411

13 2433 1762 3263 1535 1422 1880 2051

B 1 : 1 2 1884 1463 2094 1602 1757 1717 28 48
8 1712 1174 2445 1546 1785 1662 2718

14 20 9 0  1622 2694 1964 1980 1994 2720

C 1 : 5 3 1311 1189 1438 1648 1794 1561 2765
9 1380 1369 1422 1625 1999 1599 2740

15 1345 1217 1274 1681 1683 1538 2681

D 1 : 10 4 676 585 623 598 1590 802 2809
10 733 470 631 553 1525 750 2769
16 607 619 675 801 1971 920 2658

E 2 : 2 5 3116 2555 3821 3182 3179 3132 5449
11 3003 2393 3154 2708 3012 2785 5406
17 3520 2771 3823 3442 2835 32 7 3 5279

F 5 , 5 6 5004 4662 4639 4661 7474 5226 14044
12 5582 4979 5627 5766 7084 5848 14008
18 6492 5558 7318 7572 7502 7103 13642

* A ll r a d io a c t iv i ty  was converted to  th a t  when th e  p la n ts  were harvested*
4- See Appendix Table VII*



Appendix Table IX. Percentage Content o f p31 in  the Treatment S o lu tio n  and
Various Corn T issues in  Experim ent I I I

T r e a t ”
m en t

U n i t+
r a t i o

R e p l i 
c a t e

U pper
l e a v e s

Lower
le a v e s

Tas se  1 Stem R o o ts W hole
p l a n t

T re a tm e n t
s o l u t i o n

p 3 2 sp31 p o t  n o . % % % % % % PPm

A 1  * o 1 0 .2 8 5 0 .2 3 5 0 .3 3 5 0 .1 6 5 0 .1 9 0 0 , 2 1 2 0 .0
7 0 .3 0 7 0 .2 3 5 0 .3 6 5 0 .1 6 0 0 .1 9 7 0 .2 2 3 0 . 1

13 0 .2 9 2 0 .2 4 7 0 .4 0 0 0 .1 8 7 0 .1 7 7 0 .2 2 3 0 . 1

B 1  i 1 2 0 .3 3 2 0 .2 9 7 0 .4 0 0 0 .2 8 2 0 .2 5 5 0 .2 9 6 1 0 .2
8 0 .2 9 5 0 .2 3 2 0 .3 9 0 0 .2 2 7 0 .2 5 7 0 .2 5 9 1 0 .0

14 0 .3 4 0 0 ,3 0 7 0 .4 3 5 0 .3 1 2 0 .2 9 2 0 .3 2 2 1 0 .1

C 1 t  5 3 0 .4 2 5 0 .4 1 0 0 .5 1 0 0 .4 9 0 0 .5 0 7 0 .4 7 8 4 3 .4
9 0 .5 0 5 0 .5 0 0 0 .5 4 0 0 .5 2 0 0 .4 9 7 0 .5 1 3 43*4

15 0 .4 2 7 0 .4 6 2 0 .4 4 0 0 .5 0 7 0 .4 2 5 0 .4 7 1 4 2 .6

D 1  : 10 4 0 .4 3 7 0 .4 4 2 0 .4 3 0 0 .3 6 7 0 .6 9 2 0 .4 5 4 8 9 .0
10 0 .3 9 2 0 .3 3 0 0 .4 4 0 0 .3 4 7 0 .7 2 0 0 .4 2 6 8 9 .0
16 0 .4 2 2 0 .4 9 7 0 .5 0 5 0 .4 0 7 0 .7 9 0 0 .4 9 3 8 8 . 0

E 2 : 2 5 0 .3 3 0 0 .3 2 0 0 .4 3 0 0 .3 3 5 0 .3 1 0 0 .3 3 5 1 8 .4
11 0 .3 4 5 0 .3 1 0 0 .4 1 5 0 .3 1 0 0 .2 9 2 0 .3 2 0 1 7 .6
17 0 .4 1 2 0 .3 6 7 0 .4 8 0 0 .4 0 2 0 .2 8 0 0 .3 8 3 1 8 .4

F 5 : 5 6 0 .3 8 7 0 .3 6 2 0 .4 0 0 0 .3 3 0 0 .4 0 7 0 .3 6 3 4 4 .5
12 0 .4 1 7 0 .4 0 2 0 .4 8 5 0 .4 1 7 0 .3 9 7 0 .4 1 6 5 0 .0
18 0 .4 4 2 0 .4 7 0 0 .5 3 5 0 .5 2 2 0 .4 6 5 0 .4 8 5 4 4 .0

+ So© Appendix Table V II.



Appendix Table X. Dry Weight* o f Various Tomato T issues in  Experiment Iv

T re a tm e n t U n it+r a t i o R e p l i c a t e L eav es S tem F r u i t Top t o t a l
p32 sp31 P o t n o . gm gm gm gm

A 1  : 0 1 4 1 ,8 5 2 ,7 1 6 .1 1 1 0 . 6
7 4 0 .2 5 7 .2 1 4 .0 1 1 1 .4

13 4 3 .0 5 9 .5 2 5 .6 1 2 8 .1

B 1 t 1 2 5 4 .8 8 2 .8 1 9 .6 1 5 7 .2
8 3 7 .8 5 0 .5 8 .9 9 7 .2

14 4 4 .1 6 5 .3 1 1 .3 1 2 0 .7

C 1 : 2 3 4 9 .8 6 7 .4 1 6 .4 1 3 3 .6
q 4 7 .1 7 3 .9 2 4 .0 1 4 5 .0

15 4 4 .4 5 7 ,2 1 7 .2 1 1 8 .8

D 1  * 4 4 5 0 .5 6 8 .4 1 0 .7 1 2 9 .6
1 0 6 1 .9 8 6 .7 3 1 .9 1 8 0 .5
16 4 7 .6 6 5 .2 1 1 . 8 1 2 4 .6

E 2 j 2 5 5 5 .4 8 1 .0 7 .9 1 4 4 .3
11 7 8 .4 9 9 .7 2 8 .9 2 0 7 .0
17 4 8 .4 7 1 .2 1 6 .7 1 3 6 .3

P 4 * 4 6 4 9 .8 6 8 .2 8 .3 1 2 6 .3
12 4 6 .9 7 0 .8 2 4 .0 1 4 1 .7
18 3 6 .6 5 1 .0 2 5 .6 1 1 3 .2

* On o v e n -d ry  b a s i s .
+ 1 u n i t  o f  p32 s  0 ,2 5 6  m e, ( a s s a y e d  on J u l y  2 2 ,  1954 b u t  n o t  c o n v e r te d  t o  t h a t

a t  th e  t im e  th e  i s o to p e  was u s e d )  i n  1 4 - l i t e r  m i n e r a l  n u t r i e n t  s o l u t i o n .
1 u n i t  o f  p31 9  a  c o n c e n t r a t i o n  o f  62 p ja i.



Appendix Table X I. R ad io ac tiv ity *  o f p32 in  the Treatm ent S o lu tio n  and
Various Tomato T issues in  Experiment IV

T re a tm e n t U n itf  r a t i o R e p l i c a t e L ea v es Stem F r u i t W hole t o p T re a tm e n t
s o l u t i o n

p 3 2 : p31 P o t n o . 1 0 2 o /m /g 1 0 2 c ,4 t/g 102 c /fc /g 1 0 2 c /m /g c f a / n l

A 1 J 0 1 616 753 940 728 1008
7 404 349 550 394 1155

13 562 436 722 535 1266

B 1 t 1 2 578 496 543 530 1391
8 660 513 728 590 1243

14 671 660 616 660 1290

C 1 » 2 3 316 338 305 326 1 2 9 0
9 480 365 377 404 1253

15 4 25 387 331 394 1320

D 1 : 4 4 207 196 192 200 1523
10 338 169 159 225 1431
16 235 164 219 196 1317

E 2 s 2 5 682 595 775 638 2509
11 895 584 616 706 2610
17 693 545 596 604 2513

F 4 : 4 6 1047 818 735 903 4860
12 938 856 709 858 5008
18 955 605 616 721 4955

* A ll r a d io a c t iv i ty  was converted to  th a t  when the  p la n ts  were h a rv e s te d ,
•r SEE Appendix Table X*



Appendix Table X II. Percentage Content of p31 in  the  Treatm ent S o lu tio n  and
Various Tomato T issues in  Experiment IV

T re a tm e n t U n i t * r a t i o R e p l i c a t e L eav es Stem F r u i t s
W hole

to p
T re a tm e n t
s o l u t i o n

p 3 2 .p 3 1 P o t n o . % % % % ppm

A 1 : 0 1 0 .4 5 5 0 .5 3 0 0 .6 4 0 0 .5 1 8 0 .2
7 0 .4 1 5 0 .4 4 0 0 .5 6 0 0 .4 4 6 0 .3

13 0 .4 9 0 0 .5 3 0 0 .5 8 0 0 .5 2 7 0 .6

B 1 : 1 2 0 .6 7 5 0 .6 7 5 0 .6 8 0 0 .6 7 6 6 2 .5
8 0 .7 6 5 0 .7 5 5 0 .6 7 0 0 .7 5 1 6 1 .0

14 0 .7 5 0 0 .7 7 5 0 .6 8 0 0 .7 5 7 6 5 .0

C 1 : 2 3 0 .7 1 5 0 .7 9 5 0 .7 0 0 0 .7 5 4 1 1 0 .5
9 0 .8 0 0 0 .7 2 5 0 .6 2 5 0 .7 3 3 1 0 8 .5

15 0 .7 8 0 0 .3 0 0 0 .7 0 5 0 .7 7 9 1 1 5 .0

D 1 : 4 4 0 .7 1 5 0 .7 5 0 0 .6 5 5 0 .7 2 9 2 3 0 .0
10 0 .8 9 0 0 .7 1 5 0 .6 6 5 0 .7 6 6 2 2 7 .5
16 0 .6 5 0 0 .8 0 5 0 .7 4 0 0 .7 4 0 2 4 5 .0

E 2 : 2 5 0 .7 0 0 0 .7 3 5 0 .7 1 0 0 .7 2 0 1 1 3 .5
11 0 .7 9 5 0 .6 6 5 0 .6 5 0 0 .7 1 2 1 1 4 .0
17 0 .7 4 0 0 .7 3 0 0 .6 7 0 0 .7 2 6 1 2 0 .5

F 4 • 4 6 0 .7 7 5 0 .7 9 5 0 .6 9 0 0 .7 8 0 2 2 5 .0
12 0 .8 8 0 0 .8 1 5 0 .6 5 0 0 .8 0 9 2 2 7 .0
18 0 .8 6 5 0 .7 4 5 0 .6 5 0 0 .7 6 2 2 3 7 .5

+ See Appendix Table X.



A p p en d ix T ab le  X I I I . Dry W e ig h t* o f  V a r io u s S oy b ean  T is s u e s i n  Expe r im e n t  V

T re a tm e n t U n it*  r a t  io R e p l i c a t e L eav es Stem P o d s Top t o t a l

p 3 2 ,p 3 1 P o t no* gm gm gm gm

A 1  :  0 1 5 2 .3 6 3 .6 6 2 .4 1 7 8 .2
7 4 7 .6 6 0 .5 6 1 .3 1 6 9 .4

15 4 5 .8 5 4 .2 6 4 .0 1 6 4 .0

B 1 : 1 2 5 0 .8 5 9 .9 6 0 .9 1 7 1 .6
8 5 4 .2 6 7 .5 7 0 .0 1 9 1 .7

14 3 6 .1 4 0 .6 6 3 .5 1 4 0 .2

C 1 : 2 3 4 1 .5 4 9 .9 4 9 .2 1 4 0 .6
9 5 1 .3 6 5 .3 6 0 .7 1 7 7 .3

15 3 8 .2 4 2 .3 6 3 .3 1 4 3 .8

D 1 : 5 4 4 0 .3 4 7 .8 4 4 .0 1 3 2 .1
10 4 6 .8 6 2 .5 5 6 .6 1 6 5 .9
16 3 9 .2 4 4 .1 6 7 .4 1 5 0 .7

E 2 ,  2 5 4 2 .8 4 8 .8 5 0 .9 1 4 2 .5
1 1 4 8 .0 5 5 .7 6 2 .0 1 6 5 .7
17 3 7 .3 3 5 .0 4 9 .7 1 2 2 . 0

F 5 j 5 6 4 7 .3 5 6 .0 5 0 .4 1 5 3 .7
12 4 9 .2 6 1 .0 6 4 .7 1 7 4 .9
18 4 9 .8 6 1 .5 8 1 .3 1 9 2 .6

* T o ta l  o v e n - d ry  w e ig h t  o f  f i v e  p l a n t s  i n  e a c h  p o t .
+ 1 u n i t  o f  p32 = 0*156 m e . ( a s s a y e d  on  A u g u s t 1 6 , 1954 b u t  n o t  c o n v e r te d

t o  t h a t  a t  th e  t im e  t h e  i s o to p e  w as u s e d )  i n  1 4 - l i t e r  m in e r a l  n u t r i e n t
s o l u t i o n .
1 u n i t  o f  p31 = a  c o n c e n t r a t i o n  o f  45 ppm*



Appendix Table XIV. R ad io ac tiv ity *  o f p32 in  the  Treatment S o lu tion  and
Various Soybean T issues in  Experiment V

T re a tm e n t U n i t + r a t i o R e p l i c a t e L eav es Stem P ods Y?hole t o p
T re a tm e n t
s o l u t i o n

p 3 2 ;P 31 P o t n o . lO ^ c /m /g 1 0 2 c / n / g lO ^ c /m /g lO ^c /fe /g c /n fa l
A 1  8 0 1 203 165 259 209 m m m

7 302 245 340 29 5 835
13 509 538 533 528 915

B 1  : 1 2 991 571 641 720 1565
8 991 557 712 736 1697

14 1075 679 726 802 1581

C 1 : 2 3 1156 637 608 780 1649
9 764 358 382 484 1693

15 1 2 1 2 575 552 734 1738

D 1  : 5 4 575 278 245 358 1623
10 967 382 358 539 1642
16 939 3 44 344 499 1716

E 2  t  2 5 2267 1108 1094 1451 3553
11 2071 995 1113 1351 3137
17 2844 1684 1288 1353 3620

F 5 : 5 6 4155 1712 1509 2397 8463
12 5245 1792 1656 2713 8559
16 5882 1755 1825 2852 8252

* A ll r a d io a c t iv i ty  was converted  to  t h a t  when the p la n ts  were h a rv e s te d .
+ See Appendix Table X III .



Appendix Table XV. percentage Content o f p3 i in  th e  Treatment S o lu tio n  and
Various Soybean T issues in  Experiment V

T re a tm e n t U n it*  r a t i o R e p l i c a t e L eav es S tem P ods
W hole

to p
T re a tm e n t
s o l u t i o n

p32 .p 3 1 P o t no* % % % % PPM

A 1 * o 1 0 .6 5 5 0 .5 7 0 0 .5 8 5 0 .6 0 0 0
7 0 .8 8 5 0 .6 6 0 0 .6 3 0 0 .7 1 2 0

13 0 .9 8 5 0 .6 8 0 0 .6 7 0 0 .7 6 1 0

B 1 * 1 2 1 .2 5 5 0 .8 0 0 0 .6 8 0 0 .8 9 2 4 1 .5
8 1 .3 3 5 0 .7 5 0 0 .7 0 0 0 .8 9 7 4 5 .5

14 1 .5 0 0 0 .8 8 0 0 .7 0 0 0 .9 5 8 4 1 .5

rsw 1 * 2 3 1 .8 9 0 1 .0 3 0 0 .8 0 0 1 .2 0 0 8 5 .5
9 1 .5 7 5 0 .7 8 0 0 .7 0 0 0 .9 8 3 8 9 .0

15 1 .9 2 0 0 .8 8 0 0 .7 4 0 1 .0 9 5 9 3 .0

D 1 : 6 4 2 .0 0 0 1 .0 5 0 0 .7 8 0 1 .2 5 0 2 0 7 ,0
10 2 .8 5 0 1 .0 2 0 0 .9 3 0 1 .5 0 6 2 1 0 .0
16 2 .9 4 0 1.0S0 0 .8 7 0 1 .4 6 4 2 0 6 .0

E 2 : 2 5 1 .7 0 5 0 .9 8 0 0 .8 0 0 1 .1 3 3 8 6 .5
11 1 .7 7 0 0 .9 7 0 0 .7 9 0 1 .1 3 4 8 5 .5
17 2 .0 8 5 1 .1 8 0 0 .8 0 0 1 .3 0 2 9 1 .5

F 5 j 5 6 2 .6 7 0 1 .1 0 0 0 ,9 3 0 1 .5 2 7 2 0 9 .0
12 3 .0 0 0 1 .0 5 0 0 .9 0 0 1 .5 4 3 2 0 9 .0
16 3 .1 8 0 0 .8 8 0 0 .S 5 0 1 .4 6 2 2 0 4 .0

+ See Appendix Table X II I .
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