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M A R T IN  JOHN BUKOVAC ABSTRA CT

Budded a p p le  a n d  v a r i o u s l y  g r a f t e d  t o m a t o  p l a n t s ,  g ro w n  in  s o lu t io n  

a n d  s o i l  c u l t u r e s ,  w e r e  u s e d  to d e t e r m i n e  the  e f fe c t  of the  g r a f t  un ion  a n d  

s t o c k - s c i o n  i n t e r r e l a t i o n s h i p s  upon f o l i a r  an d  r o o t  a b s o r p t i o n  of n u t r i e n t s  

a n d  t h e i r  s u b s e q u e n t  d i s t r i b u t i o n .  R a d i o a c t iv e  a n a l y s i s  and  a u t o r a d i o g r a p h y  

of p l a n t  t i s s u e s  w e r e  e m p l o y e d  to a s c e r t a i n  a b s o r p t i o n  a n d  s u b s e q u e n t  d i s ­

t r i b u t i o n  of  i s o t o p i c a l l y  l a b e l e d  n u t r i e n t s .  R o o te d  c u t t i n g s  of E a s t  M a i l i n g

32(EM) VII a n d  IX (d w a r f  a p p le  r o o t s t o c k s )  a b s o r b e d  l e s s  P , a p p l i e d  to the

r o o t  m e d i u m ,  th a n  EM  XVI, a v i g o r o u s  a p p le  r o o t s t o c k .  I r r e s p e c t i v e  of

f o l i a r  o r  r o o t  a p p l i c a t i o n s ,  M c I n to s h  ap p le  s c i o n s  on EM  VII o r  IX r o o t -

32s t o c k s  (dw arf )  a b s o r b e d  an d  a c c u m u l a t e d  l e s s  P th an  when b u d d e d  on EM

45XVI o r  D e l i c i o u s  s e e d l i n g  (v ig o ro u s )  r o o t s t o c k s .  S i m i l a r l y ,  l e s s  Ca w as

r e c o v e r e d  in the  M c I n to sh  s c io n  144 h o u r s  fo l lowing  t r e a t m e n t ,  when a p p l i e d

to the  m e d i u m  in w h ich  r o o t s  of M c I n to s h  s c io n s  on EM  VII o r  IX w e r e

g r o w i n g  th an  in s c i o n s  on E M  XVI o r  D e l i c i o u s  s e e d l i n g  r o o t s t o c k s .  No

32 45m a r k e d  a c c u m u l a t i o n  of P o r  Ca w a s  n o te d  a t  the  bud union.

G e n e t i c a l l y  d w a r f  ( v a r .  M a c A r t h u r  741) a n d  n o n - d w a r f  (v a r .  S to k e s -

32
dale)  t o m a t o  p l a n t s  a b s o r b e d  equa l  q u a n t i t i e s  of f o l i a r  a p p l i e d  P , h o w e v e r ,

0 9
l e s s  of  the  a b s o r b e d  P w a s  t r a n s p o r t e d  to the  r o o t s  o f  the  d w a r f .  T o m a t o

p l a n t s  (v a r .  S to k e s d a l e )  c h e m i c a l l y  d w a r f e d  wi th  m a l e i c  h y d r a z i d e  a b s o r b e d

32l e s s  f o l i a r  a p p l i e d  P th an  n o n - d w a r f e d ,  but no d i f f e r e n c e s  w e r e  o b s e r v e d



in th e  s u b s e q u e n t  d i s t r i b u t i o n  of the  a b s o r b e d  i s o to p e .  A s  in th e  app le ,  no

32s ig n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  b e tw ee n  th e  P r e c o v e r e d  in the  g r a f t  un ion

o r  a c o m p a r a b l e  s t e m  s e g m e n t  on a n o n - g r a f t e d  t o m a t o  p l a n t  fo l low ing  a b s o r p -

32 32t ion  of P by th e  r o o t s .  L ik e w is e ,  no d i f f e r e n c e s  w e r e  o b s e r v e d  in the  P

a c c u m u l a t e d  in  th e  s c io n s  of g r a f t e d  a n d  n o n - g r a f t e d  to m a to  p l a n t s  3 , 1 2 , 24,

3248 a n d  96 h o u r s  a f t e r  a p p ly in g  P to the  r o o t  m e d i u m .  T h e  g r a f t  union, p e r

32s e , d id  not im p e d e  the  t r a n s p o r t  of r o o t  a b s o r b e d  P . W el l  f o r m e d  g r a f t

99 35u n io n s  m  t o m a t o  s t e m s  did  not i m p e d e  the  a c r o p e t a l  t r a n s p o r t  o f  Na , S ,

^ 3 6  _  45 5 2 -5 4  ^  5 5 -5 9  64 65 8 6  o 89 99 140
Cl , C a  , Mn , Fe , Cu , Z n  , Rb  , S r  , Mo a n d  Ba

fo l lo w in g  r o o t  a b s o r p t i o n  of the  i s o t o p e s .  H o w ev e r ,  w hen  l a t e r a l s  of v i g o r -

32ous  t o m a t o  p l a n t s  (v a r .  S to k e s d a l e )  w e r e  g r a f t e d  " a p e x  to a p ex "  P t r a n s p o r t

45w a s  s ig n i f i c a n t l y  r e d u c e d  a n d  Ca  t r a n s p o r t  w a s  a l m o s t  c o m p l e t e l y  b locked ,

fo l l o w in g  the  a b s o r p t i o n  of the  i s o to p e  by the  r o o t s  of one of the  g r a f t e d  p l a n t s .

When two o n e - c e n t i m e t e r  p h lo e m  s e g m e n t s  w e r e  r e m o v e d  f r o m  the

s t e m s  of y e a r  o ld  a p p le  t r e e s  (EM I) an d  r e p l a c e d  in  an  i n v e r t e d  o r  n a t u r a l

p o s i t i o n ,  m o r e  f o l i a r  a p p l i e d  P ^ 2  a c c u m u l a t e d  above  the  i n v e r s i o n s  than

32a b o v e  n o n - i n v e r t e d  r i n g s .  L e s s e r  a m o u n t s  of f o l i a r  a p p l i e d  P a c c u m u l a t e d  

a b o v e  th e  n o n - i n v e r t e d  r i n g s .  A p p r o x i m a t e l y  60 p e r c e n t  m o r e  a d v e n t i t i o u s  

buds  g r e w  b e lo w  th e  i n v e r t e d  th a n  n o n - i n v e r t e d  p h lo e m  r i n g s .  S w e l l in g s  

i m m e d i a t e l y  a bove  th e  u p p e r  p h lo e m  r i n g  a n d  r e d u c e d  top g r o w th  w e r e  e v i ­

dent on  t r e e s  w i th  i n v e r t e d  c o m p a r e d  to t r e e s  with  n o n - i n v e r t e d  p h lo e m



r i n g s .  G r o w t h  of the  s c io n  in t e r m s  of d r y  w e igh t  and  t e r m i n a l  g r o w th  w as  

s i g n i f i c a n t ly  i n f l u e n c e d  by i t s  o r i e n t a t i o n .  L e s s  r a d i o c a l c i u m  a b s o r b e d  by 

th e  r o o t s  a c c u m u l a t e d  in the  i n v e r t e d  s c io n  two o r  s ix  d a y s  fo l low ing  t r e a t ­

m e n t  th a n  wi th  n o n - i n v e r t e d  o r  n o n - g r a f t e d  p l a n t s .  H o w ev e r ,  when the  

c a l c i u m  c o n te n t  w as  e x p r e s s e d  a s  c o u n ts  p e r  m in u te  p e r  g r a m  d r y  weight,  

no s ig n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d ,  th u s  i n d i c a t in g  th a t  g r o w th  a n d

not the  union  w a s  the  d e t e r m i n i n g  f a c t o r .  In c o n t r a s t  to th e  m a n y  e x p e r i -

45m e n t s  i l l u s t r a t i n g  the  a b s e n c e  of d o w n w a r d  t r a n s p o r t  of f o l i a r  a p p l i e d  Ca

45a n e s t h e t i z e d  b e an  an d  r a d i s h  l e a v e s  fo l lowing  t r e a t m e n t  wi th  Ca t r a n s ­

p o r t e d  c o n s i d e r a b l e  q u a n t i t i e s  out of the  t r e a t e d  le a f  to a l l  o t h e r  p a r t s  of 

the  p l a n t .  C h e l a t i o n  of r a d i o c a l c i u m  with  d i so d iu m  e t h y l e n e d i a m i n e  t e t r a ­

a c e t a t e ,  p i c r o l i n i c  acid ,  2, 5 - d i c h l o r o - 3 ,  6 - d i h y d r o x y - p - q u i n o n e  a n d  1 - a m i n o -  

2 - n a p t h o l - 4 - s u l f o n i c  a c i d  d id  not e f fec t  i t s  b a s i p e t a l  t r a n s p o r t .
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I. INTRODUCTION

T he a r t  of g ra f t in g  h as  been  known to  m ank ind  s in c e  th e  e r a  b e fo re  

C h r is t ,  y e t the in t r ic a te  re la t io n s h ip s  be tw een  s to c k  and  sc io n  r e m a in  o b s c u re . 

T h e  d w arf  r e s p o n s e  of s c io n  to  ro o ts to c k  is  only  one of the  m any  co m p lex  

m a n ife s ta t io n s  of s to c k -s c io n  in te r re la t io n s h ip .  R o o ts to ck  e ffec t upon sc ion , 

s c io n  on ro o ts to c k  and  in te rs te m  on both, w ith  th e i r  m any  m a rk e d  p h y s io lo g ic a l 

and  m o rp h o lo g ic a l ch an g es , have in tr ig u e d  the s c ie n tif ic  m in d  fo r  m an y  y e a r s .

In th e  p a s t  decade  o r  two, the  A m e ric a n  h o r t ic u l tu r is t  h as  b eco m e e x ­

tr e m e ly  in te r e s te d  in  u til iz in g  so m e  of th e se  p h y s io lo g ic a l r e s p o n s e s  to c o n ­

t r o l  the  p ro d u c tio n  of c o m m e rc ia l  f ru i t  c ro p s . As an  ex am p le , the n eed s  of a 

ra p id ly  expand ing  h o r tic u l tu ra l  in d u s try  fo r u n ifo rm , e a r l i e r  fru itin g , d w arf

o r  s e m i-d w a r f  ap p le  t r e e s  has m a te r ia l ly  ad d ed  to th e  p o p u la r ity  of the

1
M ailin g  ro o ts to c k s  .

In v iew  of th is  in c r e a s e d  dem and  the  n eed  fo r  a m o re  co m p le te  u n d e r ­

s tan d in g  of s to c k -s c io n  re la tio n sh ip  h as  a c q u ire d  a g r e a te r  im p o rta n c e . T he 

w o rk  w hich  fo llow s w as u n d e rtak en , w ith  the  a id  of ra d io a c tiv e  iso to p e s , to 

a s c e r ta in  th e  n u tr i t io n a l  ro le  of th e  g ra f t  union and  ro o ts to c k  in  th e  p h y sio lo g y  

o f d w arfin g . S p ec ia l c o n s id e ra tio n  h as  been  g iven  to a b so rp tio n  and  s u b s e ­

quent t r a n s p o r t  of e s s e n t ia l  n u tr ie n ts .

* A pple c lo n es  o r ig in a tin g  fro m  the P a ra d is e  o r  D oucin g ro u p s  of a p p le s  
( c la s s i f ie d  a s  M a lu s  s y lv e s tr is ,  M ill, by B ailey 1949) w e re  u se d  a s  ro o ts to c k s  
in  a  g ra f t  co m b in a tio n  show ing v a r io u s  d e g re e s  of d w a rfism  on th e  g ro w th  of 
th e  sc io n ; h e r e a f te r ,  synonym ous w ith  E a s t  M ailin g  o r  E. M.



II. R E V IE W  O F  L I T E R A T U R E  

S to c k - S c i o n  I n t e r r e l a t i o n s h i p s

G e n e r a l  c o n s i d e r a t i o n s :  It i s  not u n u s u a l  t h a t  c o m p l e x  i n t e r a c t i o n s

a r i s e  a s  a r e s u l t  of g r a f t i n g ,  when one  c o n s i d e r s  tha t  two s e p a r a t e  in d e p e n d e n t  

i n d iv id u a l s  a r e  b r o u g h t  t o g e t h e r ,  w h ich  un i te  a n d  g r o w  a s  one .  T h e s e  i n t e r ­

a c t i o n s  a r e  of g r e a t  p r a c t i c a l  i m p o r t a n c e  to the  f r u i t  g r o w e r  an d  have  b een  

r e a l i z e d  a s  s u c h  f o r  m a n y  y e a r s .  As e a r l y  a s  1818 T h o m a s  A n d r e w  Knight 

(1818) r e p o r t e d  th a t  p lu m  s t o c k s  w e r e  b e s t  a d a p t e d  to th e  p e a c h ,  a n d  a p r i c o t  

s t o c k s  to M o o r ’s P a r k  a p r i c o t .  F u r t h e r m o r e ,  he n o te d  a s m o o th  h igh ly  

p o l i s h e d  b a r k  a n d  a  h e a l t h i e r  m o r e  v i g o r o u s  t r e e  when M o o r ’s P a r k  w a s  

b u d d e d  on a p r i c o t  s t o c k  th a n  on any  o t h e r  r o o t s t o c k .

M any  g r a f t i n g  f a i l u r e s  have  b een  a t t r i b u t e d  to s t o c k - s c i o n  i n c o m p a t i ­

b i l i ty .  A t t e m p t s  h av e  b e e n  m a d e  to e x p la in  i n c o m p a t i b i l i t y  on th e  b a s i s  of  

a n a t o m i c a l  d i f f e r e n c e s  (D an ie l  1894, G u i g n a r d  1907, C r a f t s  1934, Beakbane 

an d  T h o m p s o n  1939, a n d  Beakbane  1941) a n d  d e fe c t iv e  g r a f t  u n ions  (Waugh 1904 

a n d  B r a d f o r d  an d  Si t ton  1926).  B io c h em ic a l  d i f f e r e n c e s  have  b een  s u g g e s t e d  by 

G r e e n  (1926), M i l b r a i t h  a n d  Z e l l e r  (1945),  a n d  De S t i g t e r  (1956),  an d  an  a n t i ­

ge n  an t ib o d y  p h e n o m e n o n  h a s  b e en  p r o p o s e d  by Kostof f  (1928, 1929, 1931). 

V y vyan  (1934) s u g g e s t e d  a d i f f e r e n t i a l  g r o w th  r a t e  b e tw ee n  s to c k  a n d  sc ion ,  

w h e r e a s  S w a r b r i c k  e t  a l  (1946) s u g g e s t e d  a d i f f e r e n t i a l  a b s o r p t i o n  a n d
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s u b s e q u e n t  t r a n s p o r t  o r  a c o m b i n a t i o n  of the  two a s  c o n t r i b u t i n g  f a c t o r s  in 

s t o c k - s c i o n  i n c o m p a t i b i l i t y .

S t o c k - s c i o n  i n t e r a c t i o n s :  T h e  p h y s i o l o g i c a l  e f fe c t  of s t o c k  on s c i o n  o r

s c i o n  on s t o c k  i s  not l o c a l i z e d  in any  one  c o m p o n e n t  of a g r a f t e d  c o m b i n a t i o n .  

H a t to n  (1927) s t u d i e d  th e  e f f e c t  of a n u m b e r  of ap p le  r o o t s t o c k s  upon the  s c io n  

a n d  c o n c l u d e d  th a t  g ro w th ,  v i g o r  an d  f r u i t f u l n e s s  of th e  s c io n  w a s  i n f lu e n c e d  

by r o o t s t o c k .  T r e e s  g ro w n  on M a i l i n g  VIII o r  IX w e r e  s m a l l  a n d  u s u a l l y  p r o ­

d u c e d  s w e l l i n g s  a t  the  g r a f t  union, whi le  t h o s e  g ro w n  on M a i l i n g  II a n d  XVI 

w e r e  m o r e  v i g o r o u s .  A m o s  e t  a l  (1936) c o n c lu d e d  a f t e r  tw e n ty  y e a r s  of o b s e r ­

v a t i o n s  a t  E a s t  M ai l ing ,  th a t  M a i l i n g  VIII a n d  IX r o o t s t o c k s  r e s u l t e d  in d w a r f ­

ing  a n d  e a r l i e r  f r u i t i n g  w as  a s s o c i a t e d  wi th  the  s c i o n s  g r a f t e d  t h e r e o n .  T h e  

d w a r f i n g  r e s p o n s e  of s c io n  to s t o c k  w a s  only  one  of the  m a n y  m a n i f e s t a t i o n s  

o b s e r v e d .  M a i l i n g  VII, w h ich  is  c o n s i d e r e d  a s e m i - d w a r f  r o o t s t o c k ,  i m p a r t s  

v i g o r o u s  g r o w th  to the  s c io n  in th e  e a r l y  y e a r s .  H o w ev e r ,  the  g r o w th  r a t e  

f a l l s  off  o n c e  th e  t r e e  b e g in s  to f r u i t .

T h a t  a s to c k  e f f e c t  m a y  be  e x e r t e d  by a s t e m  p i e c e  w as  c l e a r l y  d e m o n ­

s t r a t e d  by S w a r b r i c k  a n d  R o b e r t s  (1927) a n d  R o b e r t s  (1929).  T h e s e  w o r k e r s ,  

u s i n g  v a r i o u s  i n t e r s t e m s ,  s h o w ed  th a t  the  d w a r f in g  e f fec t  of a s to c k  c o u ld  be 

p r o d u c e d  by a s t e m  p o r t i o n  of the  s to ck .  T h i s  w as  l a t e r  c o n f i r m e d  by H a t ton  

(1930),  V yvyan  (1934),  T u k e y  a n d  B r a s e  (1933, 1943) a n d  m o r e  r e c e n t l y  by 

Sax  (1953) an d  T h o m a s  (1954).  In the  y e a r s  th a t  fo llowed,  th e  r e l a t i v e
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i m p o r t a n c e  of the  s t o c k  a n d  s t o c k - s t e m  b e c a m e  th e  o b je c t  of e x t e n s i v e  e x p e r i ­

m e n t a t i o n .  T u k e y  a n d  B r a s e  (1933) c o n c lu d e d  a f t e r  e x t e n s i v e  i n v e s t i g a t i o n s  

t h a t  no one  p a r t  d o m i n a t e d  the  e n t i r e  p l a n t .  T h e y  s h o w e d  th a t  a l l  h a d  a  m a r k e d  

in f l u e n c e  a t  on e  t i m e  o r  a n o t h e r ,  h o w e v e r ,  the  r o o t s t o c k  e x e r t e d  th e  g r e a t e s t  

i n f lu en c e .  T h i s  f in d in g  h a s  b een  c o n f i r m e d  by Knight (1935) a n d  V yvyan  (1938, 

1955) who a g r e e d ,  in p a r t ,  t h a t  the  r o o t s t o c k  e x e r t e d  th e  g r e a t e r  in f lu en ce .  

Beakbane,  H a t to n  a n d  A m o s  (1937) s h o w ed  tha t  s c io n s  g r a f t e d  on a long  s t o c k -  

s t e m p i e c e  w e r e  i n f l u e n c e d  to a g r e a t e r  d e g r e e  by the  r o o t s t o c k  th a n  s c i o n s  

g r a f t e d  d i r e c t l y  to a  r o o t - p i e c e .  M o r e  r e c e n t l y ,  Beakbane  an d  R o g e r s  (1956) 

c o n c l u d e d  th a t  the  r o o t  p o r t i o n s  of c lo n a l  a p p le  r o o t s t o c k s  a r e  c a p a b le  of 

e x e r t i n g  an in f lu en ce  c h a r a c t e r i s t i c  of the  c lo n e  in the  a b s e n c e  of any  r o o t -  

s t o c k  s t e m .  F u r t h e r m o r e ,  the  p r e s e n c e  of a s t o c k - s t e m  on the  r o o t s t o c k  

i n t e n s i f i e d  th e  r o o t s t o c k  e f fec t .

T h a t  p h y s i c a l  c h a r a c t e r i s t i c s  of r o o t s  of d w a r f  an d  v i g o r o u s  ap p le  

t r e e s  did not d i f f e r  m a t e r i a l l y  w as  r e p o r t e d  by R o g e r s  a n d  V yvyan  (1927), 

R o g e r s  (1939a) a n d  H a t ton  (1935).  A lso ,  r o o t s  of a d w a r f in g  r o o t s t o c k  p e n e ­

t r a t e d  the  s o i l  to d e p th s  e q u a l  to th o s e  of v i g o r o u s  r o o t s t o c k s  (Hat ton  1935). 

R o g e r s  (1939b) s tud ied ,  in d e ta i l ,  r o o t  g r o w th  a s  r e l a t e d  to  r o o t s t o c k ,  so il ,  

s e a s o n a l  a n d  c l i m a t i c  f a c t o r s .  Root  g ro w th  c l o s e l y  fo l low ed  the  above  

g r o u n d  v ig o r ,  t h a t  i s ,  M a i l i n g  IX l e a s t  v ig o r o u s ,  M a i l i n g  I i n t e r m e d i a t e ,  an d  

M a i l i n g  XVI m o s t  v i g o r o u s .  No a p p r e c i a b l e  d i f f e r e n c e s  in a p p e a r a n c e  w e r e



a p p a r e n t  b e tw e e n  r o o t s  of M a i l i n g  IX, I a n d  XVI. Root h a i r s  of a l l  s t o c k s  

lo o k e d  s i m i l a r .  H o w ev e r ,  when s e c o n d a r y  th i c k e n i n g  o c c u r r e d ,  M a i l i n g  

IX r o o t s  s h o w e d  a m o r e  y e l l o w i s h  c o l o r  th a n  e i t h e r  M a i l i n g  I o r  XVI. 

R o g e r s  c o n c lu d e d ;

" th e  d i f f e r e n t  r o o t s t o c k s ,  so  c o n t r a s t i n g  in t h e i r  e f f e c t  on 
g r o w t h  a n d  c r o p p in g ,  s h o w e d  no d r a m a t i c  c o n t r a s t  in a b s o r b ­
ing  ro o t  type  a n d  c o n f o r m a t i o n .  T h e  m o s t  s t r i k i n g  f e a t u r e  
w a s  the  d e g r e e  of s i m i l a r i t y  be tw een  the  ind iv id u a l  r o o t s  an d  
b e tw e e n  t h e i r  r e a c t i o n s  to p h y s i o l o g i c a l  f a c t o r s "

T h e  e f fec t  of s t o c k  upon the  d e v e lo p m e n t  of the  s c io n  h a s  b e en  w e l l  

e s t a b l i s h e d .  On the  o t h e r  hand, t h e r e  is e v id e n c e  tha t  the  s c io n  m a y  i n ­

f lu e n c e  th e  d e v e l o p m e n t  of the  s to c k  ( S w a r b r i c k  a n d  R o b e r t s  1927, R o b e r t s  

1929, T u k e y  a n d  B r a s e  1933, A r g l e s  1937, a n d  Rubin  1955).

T u k e y  a n d  B r a s e  (1933) w r i t e ;

" A m e r i c a n  h o r t i c u l t u r a l  l i t e r a t u r e  r e c o r d s  o b s e r v a t i o n s  a s  
e a r l y  a s  1846 tha t  the  c ion  m a y  a f f e c t  the  d e v e lo p m e n t  of the  
r o o t s t o c k ,  a n d  o t h e r  i n s t a n c e s  hav e  b een  r e c o r d e d  s in c e .  It 
h a s  b e e n  shown tha t  th e  c io n  m a y  a f fe c t  the  r o o t  in o t h e r  w ay s  
th a n  in quan t i ty ,  d i r e c t i o n ,  an d  f o r m  of r o o t s ,  su c h  a s  l o n g e ­
vi ty ,  h a r d i n e s s ,  c h e m i c a l  c o m p o s i t i o n ,  a n d  c o lo r .  .  ................. "

R e c e n t ly ,  Vyvyan (1955) r e p o r t e d  th a t  r o o t s t o c k  ha s  a g r e a t e r  i n f l u ­

e n c e  on t r e e  s i z e  than  sc ion ,  h o w e v e r ,  s c io n  v a r i e t y  had  s o m e  e f f e c t  p a r t i ­

c u l a r l y  when  M a i l i n g  XII w as  the  sc io n .  O c c a s i o n a l l y  one f inds  th a t  the  

s c io n  d o m i n a t e s  th e  s tock ,  a l th o u g h  th i s  s e ld o m  is  th e  l i m i t i n g  f a c t o r .  

H o d g so n  a n d  C a m e r o n  (1943) w o r k i n g  w i th  c i t r u s  found tha t  w hen  the  v i g o r  

of the  s c io n  i s  l e s s  than  th a t  of the  r o o t s t o c k ,  i t  w a s  the  s c io n  which  d e t e r ­

m i n e d  th e  t o t a l  g r o w t h  of the  t r e e .
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T h e r e  i s  no c l e a r  cu t  g r o w th  r e s p o n s e  of s c io n  to s to c k  o r  of s to c k  

to sc ion .  One v a r i e t y  u s e d  a s  a s to c k  m a y  r e s p o n d  qu i te  d i f f e r e n t l y  when 

u s e d  a s  th e  sc ion .  A lso ,  th e  s o u r c e  of the  s c i o n  m a y  in f lu e n c e  i t s  b e h a v i o r  

w h en  g r a f t e d  on the  s a m e  r o o t s t o c k .  T u k e y  a n d  B r a s e  (1944) r e p o r t e d  a 

d i f f e r e n c e  in  the  p e r f o r m a n c e  of M c I n to sh  budwood t a k e n  f r o m  th e  s a m e  

h o r t i c u l t u r a l  v a r i e t y  when bud d ed  on r o o t s t o c k  USDA 227. T h i s  l e d  the  

a u t h o r s  to s u g g e s t  tha t  the  c o m p a t i b i l i t y  o r  i n c o m p a t i b i l i t y  w a s  due  to s o m e  

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

T h e  p h y s i o l o g i c a l  a s p e c t  of s t o c k - s c i o n  e f fe c t  h a s  b een  c o n s i d e r e d  

by V yvyan  (1955).  He s t r e s s e d  tha t  the  s t e m / r o o t  r a t i o  i s  r e l a t i v e l y  c o n s t a n t  

w i th in  any  one  s c i o n / r o o t s t o c k  co m b in a t io n ,  an d  i s  in d ep en d en t  of t r e e  

s i z e  o r  age .  T h i s  m e r i t s  c o n s i d e r a b l e  a t t e n t io n  if we r e c o g n i z e  tha t  the  

s c io n  an d  s t o c k  m u s t  m u t u a l l y  a d j u s t  to e a c h  o t h e r ' s  p h y s i o l o g i c a l  p r o c e s s e s .

A n a t o m i c a l  a s p e c t s  o f  s t o c k - s c i o n  r e l a t i o n s h i p s :  T h e  i n t e r n a l  s t r u c t ­

u r e  of th e  d w a r f in g  r o o t s t o c k  M a i l in g  IX w a s  s t u d i e d  in an  a t t e m p t  to e x p la in  

i t s  d w a r f in g  e f f e c t  (Beakbane  an d  R e n w ic k  1936).  T h e y  c o n c lu d e d  th a t  M a i l i n g  

IX had  s m a l l e r  v e s s e l s  an d  a h i g h e r  p e r c e n t  of m e d u l l a r y  r a y s  th a n  the  

r o o t e d  s c io n .  M o r e  d e t a i l e d  s t u d i e s  (Beakbane  an d  T h o m p s o n  1939) r e v e a l e d  

a c o r r e l a t i o n  b e tw e e n  the  b a r k / w o o d  r a t i o  a n d  v ig o r .  T h e  g r e a t e r  the  v i g o r  

th e  l o w e r  the  b a r k / w o o d  r a t i o .  T h u s ,  the  r a t i o  of b a r k  to wood f o r  M a i l i n g  

IX w a s  3. 1, a n d  1. 0 f o r  M a i l i n g  VII, a m o r e  v i g o r o u s  r o o t s t o c k .  M i c r o s c o p i c
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o b s e r v a t i o n s  of the  r o o t s  r e v e a l e d  th a t  the  d w a r f i n g  s t o c k  (M a i l in g  IX) had  

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

a n d  v e s s e l s  th a n  th e  v i g o r o u s  s to c k  (M a i l in g  II). F u r t h e r m o r e ,  the  v e s s e l s  

w e r e  g e n e r a l l y  l a r g e r  in M a i l i n g  II, h o w e v e r ,  no c o r r e l a t i o n  w a s  found b e ­

tw e e n  s i z e  a n d  v i g o r .  Beakbane  a n d  T h o m p s o n  a t t a c h e d  s p e c i a l  s i g n i f i c a n c e  

to th e  h i g h e r  p e r c e n t  of r a y  t i s s u e  a n d  lo w e r  p e r c e n t  of v e s s e l s  in d w a r f i n g  

r o o t s t o c k .  T h e y  c o n c lu d e d  tha t  a l a r g e r  v o lu m e  is  a v a i l a b l e  fo r  c a r b o h y d r a t e  

a c c u m u l a t i o n  a n d  s t o r a g e  in th e  d w a r f in g  s to c k s .  T h u s ,  r e s u l t i n g  in  e a r l i e r  

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

T h i s  m a y  be  r e s p o n s i b l e  fo r  th e  r e d u c e d  g ro w th  o b s e r v e d  in the  s c i o n s  g r a f t e d  

on d w a r f i n g  s t o c k s .  In a m o r e  r e c e n t  p a p e r ,  Beakbane  (1941) found l a r g e r  q u a n ­

t i t i e s  of s t a r c h ,  f a t s ,  o i l s ,  o x i d a s e s  an d  p e r o x i d a s e s  a s s o c i a t e d  w i th  i n c r e a s e d  

p a r e n c h y m a  c e l l s  in the  r o o t s t o c k s  of M a i l i n g  IX th a n  in M a i l i n g  II o r  XII.

T h e  r o l e  of the  g r a f t  un ion  in s t o c k - s c i o n  r e l a t i o n s h i p - - e f f e c t  on 

n u t r i e n t  t r a n s p o r t :  T h e  u n i t in g  of the  s c io n  an d  s to c k  to f o r m  a g r a f t  un ion

i n t r o d u c e s  a n u m b e r  of v a r i a b l e s ,  any  of w h ich  a lo n e  o r  in c o m b i n a t i o n  m a y  

in f lu en c e  th e  s t o c k - s c i o n  r e l a t i o n s h i p .  C o n s i d e r i n g  the g r a f t  union f r o m  p u r e l y  

a m e c h a n i c a l  v iew p o in t ,  s t r u c t u r a l  w e a k n e s s e s ,  a n a t o m i c a l  an d  p h y s io lo g ic a l  

d i f f e r e n c e s  m a y  a l l  m a t e r i a l l y  a f fe c t  the  s t o c k - s c i o n  r e l a t i o n s h i p .  T h e s e  

p o s s i b i l i t i e s  w e r e  r e c o g n i z e d  by D a n ie l  (1894), Waugh (1904), B r a d f o r d  and  

S i t to n  (1926) a n d  P r o e b s t i n g  (1926, 1928).  Waugh o b s e r v e d  th a t  in  i m p e r f e c t
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u n io n s  the  c o n t in u i ty  of new g r o w th  w as  i n t e r r u p t e d  by d e p o s i t i o n  of lo o se  

s c a r  t i s s u e  f o r m e d  d u r i n g  th e  h e a l i n g  p r o c e s s .  B r a d f o r d  an d  Si t ton,  on the  

o t h e r  hand, s t a t e d  th a t  d w a r f i n g  w as  a s s o c i a t e d  with  p h lo e m  d i s c o n t in u i ty .

T h e y  fe l t  t h e  e f f e c t  w a s  r e c i p r o c a l ,  t h a t  i s ,  the  s to c k  w a s  d w a r f e d  f i r s t  f o r  

l a c k  of  e l a b o r a t e d  foods ,  and, in tu rn ,  it d w a r f e d  the  sc io n .  P r o e b s t i n g  

v i s u a l i z e d  a l a y e r  of p e r i d e r m  f o r m i n g  b e tw e e n  the  s c io n  an d  s to c k  in the  c a s e  

of  a p p le  a n d  p e a r .  T h e s e  f a c t o r s  a lo n e  m a y  a c c o u n t  fo r  the  m a n y  r e p o r t s  

on i m p e d e d  t r a n s p o r t  t h r o u g h  the  g r a f t  union (V o ch t in g  1894, G u i g n a r d  1907, 

C h a n g  1937, W a r n e  an d  R ab y  1939, H e r r e r o  1951, a n d  G lu s h c h e n k o  an d  D ro b k o v  

1952).

T h e  e f fe c t  of the  g r a f t  un ion  on m i n e r a l  o r  w a t e r  t r a n s p o r t  h a s  not 

b e en  fu l ly  e v a l u a t e d  in in ta c t  p l a n t s .  W a r n e  a n d  R aby  (1939),  u s i n g  t e n -  

c e n t i m e t e r  s e g m e n t s  c o n ta i n in g  the  g r a f t  union, m e a s u r e d  the  q u a n t i ty  of 

w a t e r  w h ich  p a s s e d  t h r o u g h  in t en  m i n u t e s  u n d e r  a p r e s s u r e  of 16 c e n t i m e t e r s  

of m e r c u r y .  T h e y  found tha t  un io n s  in wh ich  M a i l i n g  IX w as  one  of the  c o m ­

p o n e n t s  w e r e  l e s s  e f f i c i e n t  in w a t e r  c o n d u c t io n  than  t h o s e  in which  IX w as  

c o m b i n e d  wi th  IX, o r  in  which  II w a s  c o m b i n e d  wi th  i t s e l f  o r  a n o t h e r  sc ion .

M o r e  d e t a i l e d  i n v e s t i g a t i o n s  r e v e a l e d  tha t  a t  the  g r a f t  un ion  t h e r e  w a s  l e s s  

c o n d u c t i n g  t i s s u e  th a n  in t h e  s c i o n  o r  s to ck .  T h i s  led  th e  a u t h o r s  to s u g ­

g e s t  t h a t  th e  g r a f t  union i n t r o d u c e d  an a d d i t i o n a l  r e s i s t a n c e  to the  flow of 

w a t e r .  C h a n g  (1937) r e p o r t e d  th a t  the  r e d u c e d  t r a n s p o r t  of w a t e r  a c r o s s
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th e  un ion  a n d  the  a c c u m u l a t i o n  of s t a r c h  ab o v e  the  un ion  r e s u l t e d  f r o m  m e c h ­

a n i c a l  o b s t r u c t i o n .  He found th a t  on ly  o n e - f i f t h  a s  m u c h  w a t e r  p a s s e d  t h r o u g h  

g r a f t  u n io n s  of i n c o m p a t i b l e  c o m b i n a t i o n s  of p e a r  a n d  q u ince  a s  t h r o u g h  c o m ­

p a t i b l e  c o m b i n a t i o n s .  L a u r e n t  (1908) c o n c lu d e d  th a t  th e  b o u r r e l e t  ( c a l l u s  o r  

p e r i d e r m  l a y e r  a r i s i n g  b e tw e e n  th e  s c io n  a n d  s tock)  m a y  be d i f f e r e n t i a l l y  

p e r m e a b l e ,  t h u s  p e r m i t t i n g  the  p a s s a g e  of c e r t a i n  g l u c o s i d e s  a n d  not of 

o t h e r s .  P h o s p h o r u s ,  on th e  o t h e r  hand, w as  found (G lu sh c h en k o  an d  D ro b k o v  

1952) u n e v e n ly  d i s t r i b u t e d  w i th in  g r a f t  c o m b i n a t i o n s  of t o m a t o  a n d  n ig h t s h a d e .  

S o m e  a c c u m u l a t i o n  of p h o s p h o r u s  o c c u r r e d  a t  the  g r a f t  un ion.

In c o n t r a s t  to m a n y  r e p o r t s  show ing  the  i n t e r f e r e n c e  of t r a n s p o r t  by 

g r a f t  un ions ,  Co lby  (1935), F r i e d r i c h  (1939) an d  H e r r e r o  (1951) have  d e m ­

o n s t r a t e d  l i t t l e  o r  no o b s t r u c t i o n  by the  g r a f t  union u n d e r  t h e i r  c o n d i t io n s .  

T h e r e  w a s  no m e a s u r a b l e  o b s t r u c t i o n  to the  d o w n w a r d  m o v e m e n t  of c a r b o ­

h y d r a t e s  by the  g r a f t  union in C o lb y ’s w o rk .  H o w ev e r ,  u p w a r d  m o v e m e n t  

m a y  be l i m i t e d  in d w a r f  t r e e s  due to e a r l i e r  s u b e r i z a t i o n  of t h e i r  r o o t s .

T h i s  i s  p a r t i c u l a r l y  t r u e  w hen  M a i l i n g  IX i s  u s e d  a s  a r o o t s t o c k .  H e r r e r o  

(1951) f a i l e d  to c o r r e l a t e  the  s t a r c h  c o n ten t  above  o r  be low  the  g r a f t  union 

w i th  s t r u c t u r a l  c o n t in u i ty  of the  union. He found d i f f e r e n c e s  on ly  a t  c e r t a i n  

s e a s o n s  a n d  t h e s e  w e r e  not a p p a r e n t  d u r i n g  th e  r e m a i n d e r  of the  y e a r .

T h a t  r i n g s  of p h l o e m  f r o m  the  s to c k  can  p r o d u c e  a s to c k  e f fe c t  h a s  

b e e n  shown by S w a r b r i c k  (1927a, 1927b) an d  R o b e r t s  (1934, 1935).  Also ,
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p h l o e m  r i n g s  f r o m  th e  s a m e  t r e e  if i n v e r t e d  w i l l  p r o d u c e  a d w a r f i n g  e f fec t  

( J an se  1914, Sax 1954, a n d  Sax a n d  D ic k so n  1956).  Sax an d  D i c k s o n  (1956) 

f e e l  th a t  the  i n v e r t e d  p h l o e m  c h e c k s  th e  d o w n w a r d  flow of o r g a n i c  n u t r i e n t s .  

T h e y  p o s t u l a t e  t h a t  by v i r t u e  of r e v e r s e d  p o l a r i t y  (due to i n v e r t i n g  the  p h lo e m )  

m o v e m e n t  of o r g a n i c  n u t r i e n t s  an d  a u x in s  w e r e  b locked .  F u r t h e r m o r e ,  f o l i a r  

a p p l i e d  p h o s p h o r u s  w a s  shown to a c c u m u l a t e  i m m e d i a t e l y  a b o v e  the  i n v e r t e d  

r i n g  (D ick so n  a n d  S a m u e l s  1956).  It i s  i n t e r e s t i n g  to no te  th a t  r i n g i n g  a lo n e  

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

s w e l l i n g  of the  s t e m  above  the  r i n g  (Knight 1803, M a c D a n i e l s  an d  C u r t i s  1930, 

a n d  S w a r b r i c k  1927a, 1927b).  T h i a m in ,  p y r id o x i n e ,  p a n t o th e n ic  ac id ,  r i b o ­

f lav in ,  s u c r o s e ,  to ta l  n i t r o g e n  an d  n o n - p r o t e i n  n i t r o g e n  w e r e  a l l  found to 

a c c u m u l a t e  in the  v ic in i ty  of the g i r d l e d  s t e m  in t o m a t o  p l a n t s  (Bonner  1944).  

T h i s  o c c u r r e d  a s  a r e s u l t  of the  l i m i t e d  q u a n t i ty  of  c o n d u c t i n g  t i s s u e  p r e ­

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

a s  new  c o n d u c t i n g  t i s s u e  w as  g e n e r a t e d .

B io c h e m ic a l  s p e c i f i c i ty :  I m m u n i ty  r e a c t i o n s  b e tw e e n  s p e c i f i c  p r o ­

t e i n s  have  b e en  u s e d  f o r  a n u m b e r  of y e a r s  in a n i m a l  p h y s io lo g y  to d i f f e r e n ­

t i a t e  b e tw e e n  s p e c i e s  of a n i m a l s .  G r e e n  (1926) s u g g e s t e d  th a t  t h i s  s a m e  

r e a c t i o n  m a y  be  e f f e c t iv e ly  u s e d  in g r a f t e d  p l a n t s .  P la n t s  of th e  g e n u s  C i t r u s ,  

w h ich  i n t e r g r a f t s  e a s i l y ,  gave  a u n i f o r m  p o s i t i v e  p r e c i p i t i n  r e a c t i o n  w i th  an  

i m m u n e  s e r u m  o b ta in e d  f r o m  one  of t h e m .  Also ,  s p e c i e s  of th e  s u b - f a m i l y
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P r u n o i d e a e ,  known to i n t e r g r a f t  s u c c e s s f u l l y ,  g a v e  u n i f o r m  p o s i t i v e  p r e c i p i t i n  

r e a c t i o n s .  H o w e v e r ,  w hen  s e r u m  f r o m  th i s  g ro u p  w a s  a d d e d  to e x t r a c t s  f r o m  

s p e c i e s  of th e  s u b - f a m i l y  P o m o i d e a e  n e g a t i v e  r e s u l t s  w e r e  o b ta in e d .  G r e e n  

c o n c l u d e d  tha t  th e  a b s e n c e  of a p r e c i p i t i n  b e tw e e n  t h e s e  two s u b - f a m i l i e s  m a y  

be a s s o c i a t e d  w i th  the  d i f f icu l ty  o b s e r v e d  in i n t e r g r a f t i n g  s p e c i e s  of  t h e s e  

two s u b - f a m i l i e s .  G r e e n ’s e v id e n c e  w ould  only  e x p la in  i n c o m p a t i b i l i t y  w hen  

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

w i th in  the  s a m e  s p e c i e s  a r e  i n c o m p a t i b l e  (T u k ey  a n d  B ra se  1943). K os to f f  

(1928, 1929, 1933) p o s t u l a t e d  tha t  p o s i t i v e  p r e c i p i t i n  r e a c t i o n s  m a y  be i n ­

d u c e d  by g r a f t i n g .  P r e c i p i t i n s  not n o r m a l l y  d e t e c t a b l e  c a n  be d e t e c t e d  a f t e r  

g r a f t i n g  a s c io n  (g iv ing  a p o s i t i v e  p r e c i p i t i n  r e a c t i o n )  on a s tock ,  w h ich  

g a v e  a n e g a t i v e  p r e c i p i t i n  r e a c t i o n .  T h i s  K os to f f  (1929) a t t r i b u t e d  to p r o ­

d u c t io n  of a n t i b o d i e s  which  e x e r t e d  an  in f lu en ce  on th e  sc ion .  G e n e r a l l y  a 

g r e a t e r  d e g r e e  of s p e c i f i c i t y  i s  a s s o c i a t e d  with  the  p r e c i p i t i n s  a c q u i r e d  

t h r o u g h  g ra f t i n g .  K o s to f f ’s c o n c l u s i o n s  have  b e e n  q u e s t i o n e d  a n u m b e r  of 

t i m e s  ( C h e s t e r  1932a, 1932b, C h e s t e r  an d  W h i t a k e r  1933, W h i t a k e r  an d  

C h e s t e r  1933, and  Jo n es  1934). C h e s t e r  (1932a) an d  C h e s t e r  a n d  W h i t a k e r

(1933) r e p o r t e d  tha t  th e  p r e c i p i t a t e  is  not p r o t e i n  in n a tu r e ,  but c h ie f ly  

c a l c i u m  o x a l a t e .  T hey  did  not a g r e e  th a t  t h i s  so  c a l l e d  im m u n o l o g y  c a n  

be g r a f t  in d u ced .  T h e y  f u r t h e r  c o n c lu d e  tha t  p u b l i s h e d  i m m u n o l o g i c a l  i n t e r ­

p r e t a t i o n s  o f  p r e c i p i t i n  r e a c t i o n s  in p l a n t s  a r e  not t e n a b l e  in v iew  of the
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l a c k  of h o m o lo g y  b e tw e e n  p l a n t s  an d  a n i m a l s  a n d  s e c o n d ly  of the  l a r g e  n u m b e r  

of s i m p l e  n o n - p r o t e i n  r e a c t i o n s  p r e s e n t  in  p l a n t s .  F u r t h e r m o r e ,  t h e r e  i s  no 

in d i c a t io n  th a t  a s  a r e s u l t  of g r a f t i n g  t h e r e  i s  an  a c q u i r e d  im m u n i t y  of s to c k  

to s c io n  o r  s c io n  to s to c k  d e t e c t a b l e  by the  p r e s e n t  p r e c i p i t i n  t e c h n i q u e .

M o r e  r e c e n t l y ,  M i l b r a i t h  a n d  Z e l l e r  (1945) a n d  D e S t ig t e r  (1956) 

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

c i a t e d  w i th  i n c o m p a t ib i l i t y .  D w a r f e d  an d  r o s e t t e d  p e a c h  t r e e s  r e s u l t e d  when 

v i r u s  f r e e  buds  w e r e  p l a c e d  on v i r u s  in f e c t e d  s t o c k s  ( M i lb r a i t h  a n d  Z e l l e r  

1945).  F o r  s u c c e s s f u l  g r a f t s  of m u s k m e l o n  on M a l a b a r  gou rd ,  one  l e a f  m u s t  

be  p r e s e n t  on the g o u r d  s to c k  ( D e S t ig t e r  1956). In the  a b s e n c e  of fo l i ag e  

th e  s i e v e  tu b e s  d i s i n t e g r a t e d .  G r o w th  an d  o t h e r  p h y s i o l o g i c a l  p r o c e s s e s  

r e s p o n d e d  d i r e c t l y  to the  n u m b e r  of l e a v e s  on the  s tock .  D e S t ig t e r  c o n c lu d e d  

th a t  th e  p r e s e n c e  of s t o c k  l e a v e s  i s  r e q u i r e d  to p r o v i d e  the  s to c k  w ith  s o m e  

" s p e c i f i c  s u b s t a n c e " ,  wh ich  e n a b l e d  the  p h lo e m  of the  s to c k  to func t ion  n o r ­

m a l l y .  In th e  a b s e n c e  of t h i s  " s p e c i f i c  s u b s t a n c e "  s o m e  e n z y m a t i c  c o m p l e x  

is  a l t e r e d  in th e  s i e v e  t u b e s  w hich  r e s u l t s  in p h lo e m  d i s i n t e g r a t i o n  and  

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

P h y s io lo g ic a l  o r  in d iv id u a l i ty  a s p e c t s  have  b een  p r o p o s e d .  D a n ie l  

(1894, 1923) n o t e d  th a t  p l a n t s  of  the  s a m e  f a m i l y  c a n  g e n e r a l l y  u t i l i z e  the  

s t o r a g e  r e s e r v e s  of the  r o o t s t o c k ’a s  i t s  own. A long  t h e s e  s a m e  l in e s ,

V d c h t in g  (1894) i l l u s t r a t e d  the  i n d iv id u a l i ty  of the  g r a f t  c o m p o n e n t  by r e c i p r o c a l
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g r a f t s  of s u n f l o w e r  a n d  a r t i c h o k e .  I r r e s p e c t i v e  of  th e  c o m b in a t io n ,  s t a r c h  

w a s  found in th e  s u n f l o w e r  a n d  in u l in e  in the  a r t i c h o k e .  With  r e c i p r o c a l  

g r a f t s  of t o m a t o  an d  to b a cc o ,  D aw so n  (1942, 1945) d e m o n s t r a t e d  th a t  n i c o t in e  

w a s  p r o d u c e d  in the  r o o t s  of th e  t o b a c c o  p lan t ,  an d  a c c u m u l a t e d  in the  t o m a t o  

s c io n .  T h u s ,  th e  s y n t h e s i s  m e c h a n i s m  w as  lo c a l i z e d ,  a n d  it w as  shown th a t  

the  g r a f t  un ion  p e r m i t t e d  p a s s a g e  of the  a lk a lo id .

R o o t s t o c k  e f f e c t s  on n u t r i e n t  a b s o r p t i o n  an d  a c c u m u l a t i o n :  In the

e a r l y  p a r t  of t h i s  c e n t u r y  D an ie l  a n d  T h o m a s  (1902) s u g g e s t e d  th a t  g r a f t i n g  

m a y  m o d i fy  the  p h y s io lo g y  of the  new ly  f o r m e d  p lan t  so  a s  to a l t e r  n u t r i e n t  

a b s o r p t i o n  a n d  s u b s e q u e n t  u t i l i z a t io n .  D i f f e r e n c e s  in o r g a n i c  a n d  in o r g a n i c  

c o m p o s i t i o n  of s c i o n s  on v a r i o u s  r o o t s t o c k s  h a s  b een  i l l u s t r a t e d  on a n u m b e r  

of o c c a s i o n s .  M o r e o v e r ,  c e r t a i n  r o o t s t o c k s  (e. g. p e a c h  w hen  u s e d  a s  a 

r o o t s t o c k  f o r  a lm o n d )  have  b een  shown to a c c u m u l a t e  s p e c i f i c  ions  to the  

e x t e n t  tha t  th e y  a r e  to x ic  to the  sc ion ,  t h e r e f o r e ,  m a k i n g  th e m  u n d e s i r a b l e  

a s  u n d e r s t o c k s  (H a n se n  1955).

R o ac h  (1931) s tu d i e d  the  e l e m e n t s  a b s o r b e d  f r o m  the  so il  by s p e c t o -  

g r a p h i c  a n a l y s i s  of a p p le  s c io n s  (v a r .  P r i n c e  A lb e r t )  on M a i l i n g  IX an d  XII 

r o o t s t o c k s .  T w e n t y - o n e  e l e m e n t s  w e r e  r e c o v e r e d  n a m e ly :  K, Ca, Mg, Na,

P, F e ,  Al, Mn, Ba, Sr ,  Li,  Cu, Pb, T i ,  V, Si, N, C r ,  Sn, M o a n d  Ag. L e a d  

w a s  r e s t r i c t e d  to the  r o o t s ,  m o ly b d e n u m  o c c u r r e d  only  in the  s to c k  p o r t i o n  

of P r i n c e  A l b e r t / M a i l i n g  IX c o m b in a t io n ,  an d  w a s  to ta l l y  a b s e n t  in the  s c io n
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a n d  s t o c k  of M a i l i n g  XII. T h e  p h y s i o l o g i c a l  s i g n i f i c a n c e  of t h e s e  o b s e r v a t i o n s  

have  not b e e n  e s t a b l i s h e d .

U s i n g  p o t a s s i u m  b r o m i d e  to in d i c a t e  q u a n t i t a t i v e  a b s o r p t i o n ,  B e r r y  

(1938) r e p o r t e d  1. 425, 0. 999 a n d  0. 933 m i l l i g r a m  e q u i v a l e n t s  of b r o m i n e  a b ­

s o r b e d  by M a i l i n g  XIII, II a n d  IX r e s p e c t i v e l y .  T h u s ,  he s u g g e s t e d  th a t  v i g o r  

of r o o t s t o c k s  m a y  be r e l a t e d  to t h e i r  c a p a c i t i e s  fo r  a b s o r b i n g  m i n e r a l  s o l u t e s .  

D u r i n g  the  e a r l y  p a r t  of the  s e a s o n ,  t r e e s  on M a i l in g  XII a b s o r b e d  o n e - t h i r d  

m o r e  n i t r o g e n  an d  p o t a s s i u m  th a n  t h o s e  on IX, but the  g r o w th  r a t e  w a s  p r o ­

p o r t i o n a l ,  t h e r e f o r e ,  no d i f f e r e n c e s  w e r e  o b s e r v e d  in c o m p o s i t i o n  on a 

f r e s h  w e igh t  b a s i s  ( P e a r s e  1939). A n a l y s i s  of the  a s h  c o n s t i t u e n t s  of the  t e r ­

m i n a l  s h o o t s  of  P r i n c e  A l b e r t  on M a i l i n g  IX a n d  XII r e v e a l e d  h ig h e r  q u a n t i ­

t i e s  of  l i m e  a n d  a  l o w e r  c o n te n t  of p o t a s s i u m  in the  s c i o n s  on M a i l i n g  IX.

T h e  c o n ten t  of p h o s p h o r i c  a c i d  sh o w e d  a n e g a t iv e  c o r r e l a t i o n  a n d  m a g n e s i u m  

a p o s i t i v e  c o r r e l a t i o n  with  v i g o r  (Vaidya  1938).  W a r n e  a n d  W a l l a c e  (1935) 

s t u d i e d  the  in f lu en c e  of r o o t s t o c k  upon the  m i n e r a l  c o m p o s i t i o n  of the  sc io n .  

T h e s e  a u t h o r s  s h o w e d  few d i f f e r e n c e s  in c o m p o s i t i o n  an d  c o n c lu d e d  tha t  the  

d w a r f in g  e f f e c t  of th e  r o o t s t o c k  c o u ld  not be e x p la i n e d  on the  b a s i s  of  c h e m i ­

c a l  c o m p o s i t i o n .  In c i t r u s ,  no s ig n i f i c a n t  d i f f e r e n c e s  in m i n e r a l  c o m p o s i t i o n  

h ave  b e e n  d e m o n s t r a t e d  a m o n g  c u t t in g s ,  s e e d l in g s ,  o r  s e l f  b u d d e d  t r e e s  of 

a g iv en  s p e c i e s  (W a l lac e  et_ a^ 1952). In th e  a b s o r p t i o n  of r a d i o p h o s p h o r u s  

f r o m  th e  so i l ,  F u l l e r  a n d  H i lg e m a n  (1955) sh o w e d  no d i f f e r e n c e s  in n a v e l
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o r a n g e  t r e e s  on s o u r  o r a n g e  o r  l e m o n  r o o t s t o c k s ,  n o r  d id  th ey  f ind a d i f f e r ­

e n c e  in  l e a f  n i t r o g e n .

A c c u m u l a t i o n  of s p e c i f i c  ions  a s  a r e s u l t  of r o o t s t o c k  h a s  b e e n  d e m o n ­

s t r a t e d .  Boron a c c u m u l a t e d  in the  s c io n  l e a v e s  of V a l e n c i a  o r a n g e  on C l e o p a t r a  

m a d a r i n  s to ck ,  w h e r e a s  c h l o r i d e  a n d  p o t a s s i u m  a c c u m u l a t e d  in  the  s c i o n s  on 

s o u r  o r a n g e  r o o t s t o c k s  (C o o p e r ,  G o r t o n  an d  O lso n  1952, G o r to n  a n d  C o o p e r  

1954).  E a to n  a n d  B la i r  (1935) d e m o n s t r a t e d  th a t  the  g r a f t  c o m p o n e n t s  d i r e c t l y  

i n f l u e n c e d  b o r o n  a c c u m u l a t i o n .  When s u n f lo w e r  w as  g r a f t e d  on i t s  own r o o t s ,  

684 p a r t s  p e r  m i l l i o n  of b o r o n  w a s  r e c o v e r e d  in the  l e a v e s ,  c o m p a r e d  to 1026 

p a r t s  p e r  m i l l i o n  when  g r a f t e d  on a r t i c h o k e .  R e c i p r o c a l  g r a f t i n g  r e v e a l e d  893 

p a r t s  p e r  m i l l i o n  of b o ro n  fo r  a r t i c h o k e  on a r t i c h o k e ,  c o m p a r e d  to 663 p a r t s  

p e r  m i l l i o n  fo r  a r t i c h o k e  on s u n f lo w e r .  M o r e  r e c e n t l y ,  a l m o n d  r o o t s t o c k s  

have  b een  r e c o m m e n d e d  f o r  a l m o n d s  in lo c a t io n s  w h e r e  e x c e s s  b o r o n  is  a 

p r o b l e m ,  s in c e  a l m o n d  on p e a c h  r e s u l t e d  in s e v e r e  b o ro n  in ju r y  (H a n se n  1955).

O r g a n ic  c h e m i c a l  a n a l y s i s  h a s  f a i l e d  to e x p la in  the  d w a r f in g  e f fec t  of 

c e r t a i n  r o o t s t o c k  o t h e r  th a n  th e  a c c u m u l a t i o n  of s t a r c h  above  the  g r a f t  un ion  

in  a few i n s t a n c e s .  Q u a n t i t a t iv e  d i f f e r e n c e s  e x i s t e d  in r e d u c i n g  s u b s t a n c e s .

T h e  l e a v e s  of th e  d w a r f i n g  a p p le  r o o t s t o c k s  h a d  a c o n s i s t e n t l y  h i g h e r  co n ten t  

of  r e d u c i n g  s u b s t a n c e s  ( L e n n a r d  1938).  S m y th  (1938) r e p o r t e d  a u n i fo r m  

c y c l e  in r e d u c i n g  s u g a r s ,  s u c r o s e ,  s t a r c h ,  h e m i c e l l u l o s e ,  r e s e r v e  c a r b o ­

h y d r a t e s ,  c e l l u l o s e  a n d  l ign in  f o r  a l l  s t o c k s  t e s t e d .  S t a r c h  a n d  h e m i c e l l u l o s e
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a c c u m u l a t e d ,  b e g in n in g  a b o u t  the  e n d  of June,  m o r e  r a p i d l y  in the  ap p le  

s c i o n s  on M a i l i n g  IX th a n  in  s c i o n s  on M a i l i n g  II, V o r  VII. S i m i l a r  r e s u l t s  

w e r e  r e p o r t e d  f o r  n i t r o g e n  f r a c t i o n s .  In the  c a s e  of M a i l i n g  IX t h e r e  w a s  a 

t e n d e n c y  of s c i o n s  to a c c u m u l a t e  a c i d  a m i d e .  H o w e v e r ,  K en ch  (1938) c o n ­

c l u d e d  th a t  th e  to t a l  c o n c e n t r a t i o n  o f  the  v a r i o u s  n i t r o g e n  c o n s t i t u e n t s  w as  

in d e p e n d e n t  of r o o t s t o c k .

R ao  a n d  B e r r y  (1940) i n v e s t i g a t e d  the  c a r b o h y d r a t e  r e l a t i o n s  of a 

s in g l e  a p p le  s c i o n  ( v a r .  C r a w l e y  Beauty) on r o o t s t o c k s  M a i l i n g  IX a n d  XIII. 

H i g h e r  p e r c e n t a g e s  of r e d u c i n g  s u g a r s ,  d i - s a c c h a r i d e s  a n d  s t a r c h  w e r e  

o b s e r v e d  in  th e  s c i o n s  on M a i l in g  IX. A c c u m u la t io n  of s t a r c h  to o k  p l a c e  

e a r l i e r  in  th e  s to c k  of M a i l in g  IX, an d  a l s o  in the  sc io n  g r a f t e d  t h e r e o n .

T h e y  p o s t u l a t e d  tha t  the  e x c e s s i v e  a c c u m u l a t i o n  of  s t a r c h  m a y  be  the  c a u s e  

of g r o w t h  c e s s a t i o n .  S t a r c h  a c c u m u l a t e d  a s  a r e s u l t  o f  a low w a t e r  c o n te n t  

c a u s e d  by e a r l y  s u b e r i z a t i o n  of  M a i l i n g  IX r o o t s .  T h e  s to c k  i s  u n a b le  to 

m a i n t a i n  a n  a d e q u a te  w a t e r  supp ly ,  t h e r e f o r e ,  th e  s c io n  c o n t i n u e s  to  g r o w  

a t  th e  e x p e n s e  of th e  w a t e r  in  the  s tock ,  w h ich  in t u r n  p r o m o t e s  s t a r c h  a c ­

c u m u la t io n  a n d  f u r t h e r  r e s t r i c t s  r o o t  g ro w th .  T h e y  found no e v id e n c e  tha t  

the  g r a f t  union , p e r  se ,  i n t e r f e r e s  w i th  the  d o w n w a r d  t r a n s p o r t  of c a r b o ­

h y d r a t e s .  F r o m  t h e s e  r e s u l t s  they  s u g g e s t  t h a t  t h e r e  w a s  a l a c k  of m e t a ­

b o l ic  un i ty  b e t w e e n  th e  s c io n  a n d  s tock ,  w i th  w a t e r  d e f i c i e n c y  a p p e a r i n g  

f i r s t  in the  s t o c k  a n d  th e n  in  th e  sc io n .
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T h e  a b o v e  r e s u l t s  a p p e a r e d  to t a k e  on  a d d e d  i m p e t u s  w hen  one  c o n ­

s i d e r s  t h e  w o r k  of  H a r t w e l l  (1916),  H a r v e y  (1923) an d  H o o k e r  (1926),  who 

a g r e e  t h a t  th e  r e t a r d a t i o n  of  g ro w th ,  a s  a  r e s u l t  of an y  c a u s e ,  w a s  a c c o m p a n i e d  

by a n  i n c r e a s e  in  s t a r c h .  It h a s  n e v e r  b e e n  d e t e r m i n e d  w h e t h e r  t h i s  i n c r e a s e  

in s t a r c h  i s  th e  c a u s a t i v e  f a c t o r ,  o r  th e  r e s u l t i n g  f a c t o r .  On th e  o t h e r  hand,

R ao  an d  B e r r y  (1940) do no t  a t t e m p t  to  e x p l a i n  t h e  d w a r f in g  e f f e c t  p r o d u c e d  

by M a i l i n g  IX i n t e r  s t e m  a lone ,  w h ich  i s  i n d e p en d e n t  of the  r o o t s t o c k  u sed .

T h e  a b i l i t y  of w a t e r  to m o v e  in to  th e  s c i o n  h a s  b e e n  c o n s i d e r e d  a s  a 

p o s s i b l e  s o u r c e  of  s t o c k  in f lu e n c e  in d w a r f  a p p le  t r e e s .  T r a n s p i r a t i o n  s t u d i e s  

(Knight  1925, H a f e k o s t  1933) s h o w e d  th a t  d w a r f  a n d  v i g o r o u s  s t o c k s  h a d  d i f ­

f e r e n t  t r a n s p i r a t i o n  r a t e s ,  bu t  tha t  a s in g l e  s c io n  v a r i e t y  g r a f t e d  on d w a r f  

a n d  v i g o r o u s  s t o c k s  s h o w e d  no d i f f e r e n c e s  in  t r a n s p i r a t i o n .  T h i s  i n d i c a t e d  

th a t  w a t e r  m o v e m e n t  to the  top w a s  no t  a f a c t o r  l i m i t i n g  g r o w th  in  d w a r f  

t r e e s .  P e a r s e  (1939) u s i n g  t r e e s  g r a f t e d  on d w a r f  a n d  v i g o r o u s  r o o t s t o c k s ,  

g r o w n  in  w a t e r  c u l t u r e s ,  r e p o r t e d  th a t  t r e e s  on v i g o r o u s  r o o t s t o c k s  a b s o r b e d  

m o r e  w a t e r  p e r  un i t  l e a f  a r e a  th a n  t h o s e  on d w a r f in g  r o o t s t o c k s .  T r e e s  on  

d w a r f i n g  r o o t s t o c k s ,  h o w e v e r ,  a b s o r b e d  m o r e  w a t e r  p e r  unit  i n c r e a s e  in 

f r e s h  w e ig h t  t h a n  t h o s e  on v i g o r o u s  r o o t s t o c k s .
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T r a n s l o c a t i o n  S tu d ie s

G e n e r a l  c o n s i d e r a t i o n s  on t r a n s p o r t :  S ince  th e  c l a s s i c a l  s tudy  of

H e v e s y  (1923) sh o w in g  the  a b s o r p t i o n  a n d  s u b s e q u e n t  t r a n s p o r t  of t h o r i u m  B 

by  p l a n t s ,  i n c r e a s i n g  e m p h a s i s  h a s  b een  g iven  to t r a n s p o r t  s t u d i e s  in b i o l o ­

g i c a l  s y s t e m s .  T h i s  i n d i c a t e s  tha t  t h e s e  t r a n s p o r t  p r o c e s s e s  a r e  e q u a l ly  

i m p o r t a n t  to th e  m u l t i t u d e  of r e a c t i o n s  t a k i n g  p l a c e  in v a r i o u s  p l a n t  t i s s u e s .  

T r a n s p o r t  s t u d i e s ,  in r e l a t i o n  to s t o c k - s c i o n  e ffec t ,  w e r e  g iv e n  a t r e m e n d o u s  

i m p e t u s  when S w a r b r i c k  an d  R o b e r t s  (1927) d e m o n s t r a t e d  th a t  a d w a r f in g  

i n t e r s t e m  p l a c e d  b e tw ee n  a v i g o r o u s  sc io n  a n d  s to c k  would  d w a r f  the  sc ion .  

L a t e r ,  R o b e r t s  (1934) d e m o n s t r a t e d  tha t  a r i n g  of b a r k  f r o m  the  s to c k  c o u ld  

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

ings  w e r e  not a s c e r t a i n e d .

E a r l y  in the  e i g h t e e n t h  c e n t u r y  H a le s  (1727) r e p o r t e d  tha t  w a t e r  m o v e d  

u p w a r d  th r o u g h  the  wood an d  d o w n w a r d  th r o u g h  the  b a r k .  Knight (1803, 1830) 

c o n f i r m e d  t h e s e  r e s u l t s  an d  a t t e m p t e d  to a c c o u n t  fo r  sap  m o v e m e n t .  T h i s  

long  s t a n d i n g  b e l i e f  w a s  q u e s t i o n e d  by  C u r t i s  (1920), Z i m m e r m a n  a n d  C o n n a r J

(1934),  G u s t a f s o n  a n d  D a r k i n  (1937),  a n d  G u s t a f s o n  (1939).  G u s t a f s o n  an d  

D a r k i n  (1937) w e r e  c o n v in c e d  tha t  p h o s p h o r u s  p a s s e d  u p w a r d  t h r o u g h  the  

p h l o e m  a s  w e l l  a s  th e  x y l e m .  T h e y  m a i n t a i n e d  tha t  the  p h lo e m  a n d  x y le m  

f u n c t io n e d  in the  u p w a r d  m o v e m e n t  of p h o s p h o r u s  in wil low a n d  g e r a n i u m .  

Z i m m e r m a n  a n d  C o n n a r d  (1934), u s i n g  i n a r c h e d  to m a t o  an d  c o l e u s  p l a n t s ,
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c o n c l u d e d  th a t  e l a b o r a t e d  foods  a s  w e l l  a s  m i n e r a l  s a l t s  m o v e d  u p w a r d  an d  

d o w n w a r d  th r o u g h  s t e m s .  T h e  o r i e n t a t i o n  of th e  i n t e r v e i n i n g  s t e m  w a s  c o n ­

s i d e r e d  of no i m p o r t a n c e ,  s in c e  s o m e  a c t i v i t y  a t  a d i s t a n t  po in t  w a s  the  

d e t e r m i n i n g  f a c t o r  of t r a n s p o r t .  Dixon (1922) a n d  Dixon an d  Ball (1922) 

d e m o n s t r a t e d  th a t  the  x y le m  fu n c t io n e d  in d o w n w ar d  t r a n s p o r t  of o r g a n i c  

m a t e r i a l s .  E o s i n  dye a p p l i e d  to the  cu t  t ip  of p o ta to  an d  c h r y s a n t h e m u m  

a p p e a r e d  t h r o u g h o u t  the  p l a n t  w i th in  24 h o u r s ,  a n d  w as  found in the  v e s s e l s .  

T h e y  c o n c lu d e d  th a t  r e v e r s e  t r a n s p i r a t i o n  r e s u l t e d  in th e  d o w n w a r d  m o v e ­

m e n t  of w a t e r  in the  v e s s e l s ,  an d  th i s  e f f e c t e d  the  d o w n w ar d  t r a n s p o r t  of 

s o l u t e s .  T h e  c l a s s i c a l  w o r k  of Stout an d  H oag land  (1939) u s in g  r a d i o ­

i s o t o p e s  of P, Na, Br a n d  K, i l l u s t r a t e d  c l e a r l y  th a t  the  xy lem  w as  the  

p r i m a r y  u p w a r d  p a th w a y  fo r  t r a n s p o r t  in a c t i v e ly  g r o w in g  p l a n t s  when the  

b a r k  a n d  x y le m  w e r e  s e p a r a t e d .  H o w ev e r ,  if the  b a r k  w as  le ft  in tac t ,

l a t e r a l  m o v e m e n t  r a p i d l y  o c c u r r e d ,  a n d  the  i s o to p e  w a s  p r e s e n t  in both

o o
x y le m  a n d  p h lo e m .  C hen  (1951) s h o w e d  s i m u l t a n e o u s  m o v e m e n t  of P an d  

14C in th e  p h lo e m  of w i l low  an d  g e r a n i u m  c u t t i n g s .  M o r e  r e c e n t l y ,  both

b a s i p e t a l  a n d  a c r o p e t a l  t r a n s p o r t  of p h o s p h o r u s  in the  p h lo e m  of co t ton  w as

d e m o n s t r a t e d  by Biddulph a n d  M a r k l e  (1944). A u t o r a d i o g r a m s  p r e p a r e d  of

35 32the  b ean  s t e m s  j u s t  b e low  th e  node  of S an d  P t r e a t e d  l e a v e s ,  i n d i c a t e d  

th a t  the  f i r s t  p a th w a y  of d o w n w a r d  m o v e m e n t  of s u l f u r  an d  p h o s p h o r u s  w as  

t h r o u g h  the  p h l o e m .  T h e r e  w a s  then  d i f fu s ion  in to  the  xy lem  (Biddulph 1956, 

a n d  Biddulph, C o r y  a n d  Biddulph 1956).
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T r a n s p o r t  of p h o s p h o r u s : H e v e s y  et  a l  (1936) s u g g e s t e d  th a t  the  

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

f e r e n t  p l a n t  p a r t s ,  t h u s  c o n c lu d i n g  th a t  p h o s p h o r u s  i s  a v e r y  m o b i l e  e l e m e n t .  

T h e s e  f in d in g s  hav e  b een  c o n f i r m e d  by a l a r g e  n u m b e r  of w o r k e r s  (A rn o n  et  al 

1940, C o lw e l l  1942, S i l b e r s t e i n  a n d  W i t tw e r  1951, N o r to n  1954 a n d  Biddulph

1955). Biddulph (1941) sh o w e d  a d i u r n a l  m i g r a t i o n  of i n j e c t e d  in to  the  

l e a v e s  of b e an  p l a n t s .  T h e  g r e a t e s t  d o w n w ard  m i g r a t i o n  w as  a t  o r  n e a r  10:00 

A . M .  with  the  l e a s t  a t  o r  n e a r  10:00 P .M .  F u r t h e r m o r e ,  p h o s p h o r u s  a p p l i e d  

to the  fo l i a g e  of p l a n t s  i s  r e a d i l y  a b s o r b e d  an d  u t i l i z e d  in th e  m e t a b o l i c  p r o ­

c e s s e s  of th e  p la n t .  T h i s  h a s  led  to the  u t i l i z a t i o n  of s u p p l e m e n t a l  f e e d in g

of  p l a n t s ,  by f o l i a r  a p p l i c a t i o n s ,  d u r i n g  c r i t i c a l  s t a g e s  in t h e i r  on togeny  

( S i l b e r s t e i n  a n d  W i t tw e r ,  1951, E g g e r t  et a l  1952, A se n  et  al  1953, K u r s a n o v

1956). T e m p e r a t u r e  (Swanson  a n d  W hitney  1953), t r a n s p i r a t i o n  (W righ t  an d  

B a r to n  1955),  m e t a b o l i c  i n h i b i t o r s  (Kendal l  1955),  an d  g e n e r a l  h e a l t h  (S tankovic  

a n d  B e c a r e v i c  1954) of th e  p l a n t  a r e  a l l  f a c t o r s  which  in f luence  the  a b s o r p t io n ,  

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

in the  i n t e r p r e t a t i o n  of r e s u l t s .

T r a n s p o r t  of c a l c i u m :  In c o n t r a s t  to p h o s p h o r u s  which  i s  m o b i l e  in 

p l a n t s ,  c a l c i u m  is  i m m o b i l e .  V e r y  l i t t le ,  if any, d o w n w ard  t r a n s p o r t  of 

c a l c i u m  o c c u r s .  T h e  n e c e s s i t y  of c a l c i u m  in the  r o o t  m e d i a  w as  d e m o n s t r a t e d  

by H a y n e s  a n d  R o b in s  (1948),  R i r i e  a n d  T o t h  (1952) an d  B ledsoe  (1953).
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G r o w i n g  h a l f  of th e  r o o t  s y s t e m  of a s in g le  t o m a t o  p l a n t  in a c o m p l e t e  

n u t r i e n t  so lu t io n  a n d  the  o t h e r  ha l f  in  a n u t r i e n t  so lu t io n  m i n u s  c a l c iu m ,

R i r i e  a n d  T o t h  d e m o n s t r a t e d  th e  in ab i l i ty  of c a l c i u m  to m o v e  in to  th e  r o o t s  

g r o w i n g  in  th e  c a l c i u m  d e f i c i e n t  so lu t ion .  T h e s e  r o o t s  d ied.  S tudy ing  the  

a b s o r p t i o n  of  c a l c i u m  by the  p e a n u t  f ru i t ,  B ledsoe  e t  a l  (1949) c o n c lu d e d  

t h a t  the  f r u i t i n g  p e g  w as  d e p en d e n t  on the p e g  m e d iu m  f o r  i t s  c a l c i u m  

supply .

45Bean p l a n t s  g ro w n  in a n u t r i e n t  so lu t ion  c o n ta in in g  Ca a n d  then

g ro w n  in a s o lu t io n  c o n ta i n in g  n o n - r a d i o a c t i v e  c a l c iu m ,  s h o w ed  no a p p r e -

45c i a b l e  m o v e m e n t  of Ca in to  the  new ly  d e v e lo p e d  t i s s u e .  C a lc iu m  a s c e n d s  

t h r o u g h  the  x y le m  to the  l e a v e s ,  but t h e r e  is  no e v id e n c e  tha t  it i s  r e - e x p o r t e d  

f r o m  the  l e a f  v ia  the  p h lo e m  (M aso n  an d  M a s k e l l  1931).  In fac t ,  t h e s e  

a u t h o r s  c o n c lu d e d  tha t  the  i m m o b i l i t y  of c a l c i u m  w ith in  the  p l a n t  is  a s s o c i a t e d  

w i th  i t s  in a b i l i ty  to m o v e  in the  p h l o e m .  Once  c a l c i u m  i s  in the  l e a f  it is  

e i t h e r  p r e c i p i t a t e d  o r  c o m b i n e d  w i th  t i s s u e  m a t e r i a l  so tha t  few f r e e  c a l ­

c iu m  ions  a r e  le f t  in  so lu t ion .  S m i th  (1944) s u g g e s t e d  th a t  b o r o n  i s  a s s o ­

c i a t e d  w i th  the  s o lu b i l i t y  o f  c a l c i u m  p a r t i c u l a r l y  in the  c y t o p l a s m  an d  c e l l  

w a l l .  H o w e v e r ,  W i t tw e r  (1956) found tha t  b o ro n  did  not f a c i l i t a t e  th e  b a s i -  

p e t a l  m o v e m e n t  of c a l c i u m  in b ean  p l a n t s .  T h e r e  is  c o n s i d e r a b l e  e v id e n c e  

th a t  the  t r a n s p o r t  of o r g a n i c  c o m p o u n d s  in p l a n t s  m a y  be r e g u l a t e d  by b o ro n  

(G auch  a n d  D u g g e r  1954, S i s l e r_ e t  j i l  1 956), h o w e v e r ,  the  m e c h a n i s m  r e ­

m a i n s  o b s c u r e .
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T r a n s p o r t  a n d  p o l a r i t y : P o l a r  t r a n s p o r t  of  n a t u r a l l y  o c c u r r i n g

a u x in s  in p l a n t s  h a s  b e e n  known f o r  a  n u m b e r  of y e a r s  (Went 1932, C l a r k  

1937, a n d  L e o p o l d  a n d  G u e r n s e y  1953). F u r t h e r m o r e ,  t h e r e  i s  a  r e p o r t  

t h a t  p o l a r i t y  c a n  be  t e m p o r a r i l y  s u s p e n d e d  by m i l d  a n t h e s i a  (Went a n d  

T h i m a n n  1937),  w h ich  r e s u l t s  in th e  n o n - p o l a r  m o v e m e n t  o f  aux in .  

N i e d e r g a n g - K a m i e n  an d  Skoog (1956) r e p o r t e d  a m o d i f i c a t i o n  of a u x in  

t r a n s p o r t  w hen  to b a c c o  s t e m  c y l i n d e r s  a r e  p r e t r e a t e d  w i th  t r i i o d o b e n z o i c  

a c id .  No a t t e m p t  h a s  b e e n  m a d e  to e x p la in  the  f a i l u r e  of  c e r t a i n  ions  to 

m o v e  on the  b a s i s  o f  p o l a r i t y .  H o w ev e r ,  M a s o n  a n d  M a s k e l l  (1931) l e a d  

one  to s u s p e c t  th a t  c a l c i u m  m a y  b eh av e  in s u c h  a m a n n e r  when they  

c o n c l u d e d  th a t  the  i m m o b i l i t y  of c a l c i u m  in p l a n t s  i s  a s s o c i a t e d  w i th  

i t s  in a b i l i t y  to m o v e  in th e  p h l o e m .  W ent  (1932) a t t a c h e d  s ig n i f i c a n c e  

to p o l a r  t r a n s p o r t  w hen  he  s tu d i e d  th e  m o v e m e n t  of  o r g a n i c  d y e s  in 

p l a n t s .  A c id  d y e s  m o v e d  m o r e  r a p i d l y  t o w a r d  the  b a s e  than  t o w a r d  

the  apex ,  w h e r e a s  b a s i c  d y e s  m o v e d  m o r e  r a p i d l y  to  the  a p ex  th an  the  

b a s e .  T h i s  s u g g e s t e d  th a t  d i r e c t i o n  of m o v e m e n t  i s  d e t e r m i n e d  not 

m e r e l y  by c h e m i c a l  c o n s t i t u t i o n  but a l s o  by the  n a t u r e  of the  d i s s o c i a t i n g  

g r o u p s .
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III. G E N E R A L  M ET H O D S  AND M A T E R IA L S

P r e p a r a t i o n  of a p p le  s t i o n s :  S t ions  ( c o m b in a t io n  of s to c k  a n d  sc ion ,  

T u k e y  1937) w e r e  p r e p a r e d  by " T ” b u d d in g  c lo n a l  M c I n to s h  buds  on y e a r -  

o ld  E a s t  M a i l i n g  (EM) VII, IX a n d  XVI a n d  D e l i c i o u s  s e e d l i n g  r o o t s t o c k s .  

T h e  s t i o n s  w e r e  l i f t e d  f r o m  the  n u r s e r y  ro w  in N o v e m b e r  a n d  p l a c e d  in 

a  n u r s e r y  s t o r a g e  (40-5CPF) un t i l  u sed .

Budded an d  g r a f t e d  t o m a t o  p l a n t s  (v a r .  S to k e s d a l e  a n d  M o r e t o n  

H ybr id )  w e r e  p r e p a r e d  by budd ing  a s h i e l d  c o n ta i n in g  one  bud to t o m a t o  

s t o c k s  of th e  s a m e  v a r i e t y .  T h e  g r a f t e d  p l a n t s  w e r e  p r e p a r e d  by g r a f t ­

ing  a t w o - i n c h  s c io n  on s t o c k s  of the  s a m e  v a r i e t y ,  u s in g  the  s a d d le  o r

whip an d  tongue  m e t h o d  (Jones  1934). T h e  newly  p l a c e d  bud o r  s c io n

1
w a s  s e c u r e l y  w r a p p e d  in p l a c e  wi th  a l a t e x  band. W a t e r  w a s  w i th h e ld  

f r o m  h e r b a c e o u s  p l a n t s  u s e d  a s  s to c k s  fo r  24 h o u r s  b e f o r e  g ra f t in g .

T h i s  f a c i l i t a t e d  the  g r a f t i n g  o p e r a t i o n  by p e r m i t t i n g  c l o s e r  c o n ta c t  of  the  

c a m b i u m  a r e a s  of th e  s t o c k  a n d  sc ion ,  a n d  r e s u l t e d  in s t r o n g e r  un io n s .

G r o w i n g  p l a n t s :  A pp le  s t i o n s  w e r e  r e m o v e d  f r o m  the  n u r s e r y

s t o r a g e  c e l l a r  in F e b r u a r y .  T h e  s to c k  ab o v e  the  newly  p l a c e d  bud  w a s  

r e m o v e d  a n d  th e  s t i o n s  w e r e  g r o w n  in s o lu t io n  c u l t u r e s .  A m o d i f i e d  

H o a g la n d  s o lu t io n  (H o ag lan d  a n d  A rn o n  1950) wi th  f e r r i c  e th y l e n e d i a m i n e  

t e t r a  a c e t a t e  a s  the  i r o n  s o u r c e  w a s  u s e d  a s  s u g g e s t e d  by J ac o b so n  (1951).

^ M a n u f a c t u r e d  by the  S e a l t e x  C o m p an y ,  C h icago ,  I l l ino is .
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P l a n t s  w e r e  s t a r t e d  in a h a l f  s t r e n g t h  H o a g lan d  so lu t ion ,  a n d  a s  soon  a s  

the  buds  b r o k e  th e  s o lu t io n  w a s  c h a n g e d  to a m o d i f i e d  (full s t r e n g th )  

H oag land ,  a n d  r e p l a c e d  w e e k ly  t h e r e a f t e r .  W hen  p l a n t s  w e r e  g ro w n  in 

s o i l  c u l t u r e s  h igh n u t r i e n t  l e v e l s  w e r e  m a i n t a i n e d  by f r e q u e n t  f e r t i l i ­

z a t i o n  w i th  d i a m m o n i u m  a n d  m o n o p o t a s s i u m  p h o s p h a t e s .

I so to p e  s t u d i e s : R a d i o a c t i v e  m a t e r i a l s ,  both p r o c e s s e d  a n d  i r r a ­

d i a t e d  u n i t s ,  w e r e  o b ta in e d  e i t h e r  f r o m  the  Oak R idge  N a t io n a l  L a b o r a to r y ,  

O ak  Ridge ,  T e n n e s s e e ,  N u c l e a r  S c ien ce  a n d  E n g i n e e r i n g  C o r p o r a t io n ,

P i t t s b u r g ,  P e n n s y lv a n i a ,  o r  Abbott  L a b o r a t o r i e s ,  C h icago  36, I l l ino is .

32 “7 A sT h e  P w a s  r e c e i v e d  a s  o r t h o - p h o s p h o r i c  a c i d  (H^P O^) a n d  C a ^ 3  a s

45C a  CI 2  in w e a k  h y d r o c h l o r i c  ac id .  O th e r  i s o t o p e s  w e r e  o b ta in e d  a s  the  

c h l o r i d e  in w e a k  h y d r o c h l o r i c  a c i d  with  the  e x c e p t io n  of Cu , Cl an d  

S35 , w h ic h  w e r e  r e c e i v e d  a s  C u ^ N O g ,  H C l3^ an d  S3 3 C>4 r e s p e c t i v e l y .

In s t u d i e s  in v o lv in g  d o w n w ard  t r a n s p o r t ,  a de f in i te  quan t i ty  of the  

i s o to p ic  s o lu t io n  w a s  a p p l i e d  to th e  m id v e in  of a leaf .  A t u b e r c u l i n  s y r i n g e  

wi th  a n u m b e r  27 s t a i n l e s s  s t e e l  n e e d l e  o r  a m i c r o p i p e t t e  w a s  u s e d .  F o r  

r o o t  a b s o r p t i o n  s tu d i e s ,  a de f in i te  quan t i ty  of the  i s o to p ic a l l y  l a b e l e d  

s o lu t io n  w a s  a p p l i e d  to th e  r o o t  m e d i a .  R e s u l t s  f r o m  a p r e l i m i n a r y  s tudy  

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

t i m e  i n t e r v a l  b e tw e e n  t r e a t m e n t  a n d  h a r v e s t  of sp e c i f i c  p la n t  t i s s u e s .

P l a n t s  t r e a t e d  a s  d e s c r i b e d  above  w e r e  h a r v e s t e d  a t  v a r i o u s  t i m e
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i n t e r v a l s  a f t e r  t r e a t m e n t ,  s e p a r a t e d  into  th e  d e s i r e d  s a m p l e s ,  a n d  d r i e d  

to a c o n s t a n t  w e ig h t  in a f o r c e d  a i r  oven  a t  70® C. D ry  w e ig h t s  w e r e  d e ­

t e r m i n e d ,  th e  s a m p l e s  cu t  in to  s m a l l  s e g m e n t s ,  a n d  a s h e d  by s t a n d a r d  d r y  

o r  w e t  p r o c e d u r e s .

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

in 50 m i l l i l i t e r  c r u c i b l e s  a t  550® C fo r  12 h o u r s  in a m u f f le  f u r n a c e .  No 

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

a s h  w a s  d i s s o l v e d  in 2N h y d r o c h l o r i c  ac id ,  t r a n s f e r r e d  to a 25 m i l l i l i t e r  

v o l u m e t r i c  f l a s k  a n d  b ro u g h t  up to v o lu m e .  One o r  f ive  m i l l i l i t e r  a l i q u o i t s  

w e r e  t r a n s f e r r e d  to C o o r  m i l k  a s h i n g  c a p s u l e s * ,  an d  e v a p o r a t e d  to a 

u n i f o r m  f i lm  u n d e r  a bank  of 250 watt  i n f r a r e d  h e a t  l a m p s .  All  s a m p l e s  

w e r e  c o u n te d  w i th  a m i c a  e n d -w in d o w  G e i g e r - M i l l l e r  tube  u s in g  a T r a c e r l a b  

M ode l  S C - I B  A u t o s c a l e r  o r  N u c l e a r  I n s t r u m e n t  a n d  C h e m i c a l  C o r p o r a t i o n ,  

M o d e l  172 U l t r a s c a l e r .  Both i n s t r u m e n t s  w e r e  e q u ip p e d  w i th  s h i e l d e d  

c o u n t in g  c h a m b e r s .

R a d i o p h o s p h o r u s  d e t e r m i n a t i o n s  r e q u i r e d  p r e - d i g e s t i o n  of p la n t  

t i s s u e  a n d  f ix a t io n  of th e  p h o s p h o r u s  p r i o r  to a sh in g .  S a m p l e s  w e r e  t r e a t e d  

a c c o r d i n g  to th e  p r o c e d u r e  d e s c r i b e d  by A. O. A. C. (1950); f i r s t ,  5 N m a g ­

n e s i u m  n i t r a t e  th e n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  w e r e  a d d e d  to the  s a m ­

p l e s  w h i le  on a s t e a m  ba th .  T h e  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  s e r v e d  

to p r e - d i g e s t  th e  t i s s u e  p e r m i t t i n g  c l o s e r  c o n t a c t  b e tw ee n  the  t i s s u e

^ C o o r  m i l k  a s h i n g  c a p s u l e s ,  m a n u f a c t u r e d  by C o o r ' s  a n d  C om pany ,  
Golden ,  C o lo r a d o .
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p h o s p h o r u s  a n d  th e  a d d e d  m a g n e s i u m  n i t r a t e .  T h e  m a g n e s i u m  n i t r a t e  

f o r m e d  m a g n e s i u m  p y r o p h o s p h a t e  w i th  th e  p h o s p h o r u s  in  the  p l a n t  t i s s u e ,  

w h ic h  i s  t h e r m a l l y  s t a b l e  a t  550° C, t h u s  p e r m i t t i n g  c o m p l e t e  a s h i n g  in 

a  m u f f l e  f u r n a c e .  T h e  a s h  w a s  d i s s o l v e d  in 2 N h y d r o c h l o r i c  a c i d  a n d  

t r e a t e d  a s  d e s c r i b e d  fo r  c a l c i u m  above .

It w a s  found  m o r e  c o n v en ien t ,  in w o r k i n g  w i th  woody m a t e r i a l ,  

to w e t  a s h  th e  s a m p l e s .  S te m  s e g m e n t s  a n d  g r a f t  un ion  s e g m e n t s  w e r e  

cu t  in to  s m a l l  p i e c e s  a n d  t r e a t e d  w i th  five m i l l i l i t e r s  of c o n c e n t r a t e d  

n i t r i c  a c i d  p e r  g r a m  of t i s s u e .  A f t e r  the  in i t i a l  r e a c t i o n  su b s id e d ,  an  

a d d i t i o n a l  f ive  m i l l i l i t e r s  w e r e  a d d e d  a n d  h e a t e d  on a s t e a m  ba th .  T h e  

t e m p e r a t u r e  w a s  g r a d u a l l y  i n c r e a s e d  un t i l  a l l  of the  p l a n t  t i s s u e  w a s  o x id i z e d  

a n d  th e  s o lu t io n  h a d  ta k e n  on  a l igh t  y e l lo w  c o l o r  ( a p p r o x i m a t e l y  1 2  h o u r s ) .  

A f t e r  coo l ing ,  the  s a m p l e s  w e r e  t r a n s f e r r e d  to  a 25 m i l l i l i t e r  v o l u m e t r i c  

f l a s k  a n d  t r e a t e d  a s  d e s c r i b e d  p r e v i o u s l y  f o r  C a^ ^ .

M o s t  s a m p l e s  w e r e  c o u n te d  un t i l  4096 o r  2048 c o u n ts  h a d  r e g i s t e r e d  

on the  c o u n t e r .  H o w ev e r ,  in c a s e  of low r a d i o a c t i v i t y  e a c h  s a m p l e  w as  

c o u n t e d  f o r  t h r e e  m i n u t e s ,  o r  un t i l  400 c o u n t s  h a d  r e g i s t e r e d .  C oun ts  

t w ic e  the  e x i s t i n g  b a c k g r o u n d  w e r e  d e e m e d  n e c e s s a r y  fo r  s ig n i f i c a n c e .  

R a d i o a c t i v e  a n a l y s i s  w e r e  e x p r e s s e d  a s  t o ta l  c o u n t s  p e r  m i n u t e  (cpm) o r  

c o u n t s  p e r  m i n u t e  p e r  g r a m  ( c p m / g m )  d r y  w e igh t .

C a l c u l a t i o n s  w e r e  m a d e  f o r  r a d i o a c t i v e  d ecay  w h en  n e c e s s a r y .
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T h e  fo l lo w in g  eq u a t io n  w a s  used:
At = A 0 e _>lt

W h e r e :

A = a c t i v i t y  at  t i m e  i n t e r v a l  t 
A 0 = a c t i v i t y  a t  in i t i a l  t i m e  
e = b a s e  of n a t u r a l  log.  (2. 3026)
✓\ - d e c a y  c o n s t a n t  fo r  the  i so to p e  u s e d
t - t i m e  e l a p s e d

No c o r r e c t i o n s  w e r e  m a d e  f o r  s e l f - a b s o r p t i o n  s in c e  a l l  but two e x p e r i m e n t s  

w e r e  c o u n te d  a s  an  in f in i te ly  th in  s a m p l e  l a y e r .  D i r e c t  c o u n t in g  of d r i e d  

p l a n t  m a t e r i a l  w as  s u c c e s s f u l l y  e m p l o y e d  in two e x p e r i m e n t s  a f t e r  no d i f f e r ­

e n c e s  c o u ld  be o b s e r v e d  on a c o m p a r a t i v e  b a s i s .  S e l f - a b s o r p t i o n  w as  only  a 

f a c t o r  w h e r e  p l a n t  s p e c i m e n s  d i f f e r e d  g r e a t l y  in weight.

E x p e r i m e n t s  w e r e  c o m p l e t e l y  r a n d o m i z e d ,  r a n d o m i z e d  b lock  o r  sp l i t  

p lo t  d e s i g n s .  E s t i m a t e s  of v a r i a b i l i t y  w e r e  by the  a n a l y s i s  of v a r i a n c e  m e th o d  

d e s c r i b e d  by S n e d e c o r  (1948).  W h e r e  s ig n i f ic a n t  " F "  v a lu e s  o c c u r r e d ,  c a l ­

c u l a t i o n s  w e r e  m a d e  f o r  l e a s t  d i f f e r e n c e s  n e c e s s a r y  f o r  s ig n i f i c a n c e  a t  the  

p r o b a b i l i t y  of f ive  an d  one p e r c e n t  l e v e l s  ( d e s ig n a t e d  L. S. D. 5% an d  1% 

r e s p e c t i v e l y ) .  W h e r e  ” F ” v a l u e s  w e r e  i n s ig n i f i c a n t ,  the  d e s ig n a t io n  "no t  

s ig n i f i c a n t "  w a s  u sed .

A u to r a d i o g r a p h y  w a s  u s e d  to show  g r o s s  a b s o r p t i o n  a n d  s u b se q u e n t  

t r a n s p o r t  of r a d i o i s o t o p e s  f r o m  the  s i t e  of  t r e a t m e n t  (W i t tw e r  a n d  L undah l  

1951 a n d  Boyd 1955). S a t i s f a c t o r y  a u t o r a d i o g r a m s  w e r e  o b ta in e d  of woody 

p l a n t  m a t e r i a l  by r a p i d l y  d r y i n g  at  80° C, c u t t i n g  in to  five  m i l l i m e t e r
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lo n g i tu d in a l  s e c t i o n s ,  a n d  p l a n e i n g  to o b ta in  a s m o o th  s u r f a c e .  If a l l  

o p e r a t i o n s  w e r e  m a d e  in the  d i r e c t i o n  of an  i n c r e a s i n g  a c t i v i t y  g r a d i e n t ,  

l i t t l e  o r  no c o n t a m i n a t i o n  o c c u r r e d .  T h e  s p e c i m e n s  w e r e  f ixed  on  a 

m o u n t i n g  b o a rd ,  c o v e r e d  with  S a r a n  w r a p  (Dow C h e m i c a l  C o m p an y ,  

M id land ,  M ich ig an )  an d  p l a c e d  in c o n ta c t  with  X - r a y  f i lm  f o r  e x p o s u r e .  

H e r b a c e o u s  s p e c i m e n s  w e r e  p r e p a r e d  fo r  a u t o r a d i o g r a p h y ,  a s  d e s c r i b e d  

by W i t tw e r  an d  L u n d a h l  (1951).

Kodak  X - r a y  n o - s c r e e n  o r  b l u e - b r a n d  fi lm w as  used ,  d e p en d in g  

on the  s e n s i t i v i t y  d e s i r e d .  E x p o s u r e  t i m e  w as  d e t e r m i n e d  by p r e l i m i n ­

a r y  s t u d i e s  c o n s i d e r i n g  the  i s o to p e  in q ues t ion ,  an d  r a d i a t i o n  in te n s i ty  

of the  m o u n t e d  s p e c i m e n .  T h e  e x p o s e d  fi lm w a s  d e v e lo p e d  u s in g  Kodak 

X - r a y  d e v e l o p e r  a n d  f ixed  w i th  Kodak X - r a y  f i x e r  and  r e p l e n i s h e r .
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IV. EX PERIM EN TA L RESU LTS 

S ection  A

E ffec t of S to ck -S cio n  In te r re la tio n s h ip  Upon N u tr ie n t 

A b so rp tio n  an d  T ra n s p o r t

E x p e rim e n t 1

R e la tiv e  a b so rp tio n  and  t r a n s p o r t  c a p a c it ie s  of ro o te d  cu ttin g s  of 

M a ilin g  VII, IX, and  XVI w e re  s tu d ied . N ine un ifo rm  ro o te d  c u ttin g s  of 

E a s t  M a ilin g  (EM) VII, IX, and  XVI w ere  s e le c te d  fro m  th e  n u r s e r y  s t o r ­

ag e  on M a rc h  24, 1955. T hey  w e re  tho rough ly  w ashed, t r a n s f e r r e d  to s o lu ­

tio n  c u ltu re s  (6 l i t e r  g la z e d  c ro c k s)  and  c a re d  fo r  a s  d e s c r ib e d  u n d er

m e th o d s . T h re e  d ay s  a f te r  th e  in itia tio n  of g row th  a ll but one of the new

32sh o o ts  w e re  re m o v e d . On A p ril 27, 0. 5 m ic ro c u r ie  (uc) of P p e r  m i l l i ­

g ra m  of P ^ l w as ad d ed  to the so lu tio n  c u ltu re ^  (ap p ro x im a te ly  93. 0 u c /  

so lu tio n  c u ltu re ) . T h is  w as below  the  ran g e  w hich r e s u l te d  in  ra d ia tio n  

in ju ry  a c c o rd in g  to Blume e t a l (1950) an d  Blume (1952). T he new shoot 

an d  ro o ts  w e re  h a rv e s te d  24, 48 and  96 h o u rs  a f te r  tre a tm e n t.  T h e  h a r ­

v e s te d  sh o o ts  (tops) w e re  d rie d , w eighed, w et a sh e d  and  a s s a y e d  fo r  

ra d io a c tiv ity . D ry  w eigh ts  of th e  ro o ts  and  to p s  w e re  re c o rd e d . T he 

r a d io a c tiv ity  w as e x p re s s e d  a s  co u n ts  p e r  m in u te  p e r  g ram  d ry  w eight 

of top p e r  m il l ig ra m  of ro o t. T h is  c o n s titu te d  a  c o r re c t io n  fo r  d iffe re n c e  

in  q u an tity  of ro o ts .



F ig u re  1

ooA ccu m u la t io n  of r a d i o p h o s p h o r u s  (P ) in th e  t o p s  of 

r o o t e d  cu t t ings  of E a s t  M a i l in g  (EM) VII, IX an d  XVI, 24,

oo
48 an d  96 h o u r s  a f t e r  a pp ly ing  P to the  r o o t  m e d i u m .



H O U R S  F O L L O W I N G  T R E A T M E N T
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T h e  d a ta  show  ( F i g u r e  1) t h a t  the  to p s  of E M  VII, IX a n d  XVI a c c u m -

oo
u l a t e d  i n c r e a s i n g  q u a n t i t i e s  of th e  r o o t  a p p l i e d  P wi th  t i m e .  T h e  g r e a t e s t

o o
q u an t i ty  of  r o o t  a p p l i e d  w a s  a b s o r b e d  a n d  a c c u m u l a t e d  by th e  v i g o r o u s  

r o o t s t o c k  E M  XVI, a n d  th e  l e a s t  by the  d w a r f i n g  r o o t s t o c k  EM  IX. T h e  

s e m i - d w a r f  r o o t s t o c k  EM  VII w a s  i n t e r m e d i a t e .  No e x p la n a t io n  can  be 

o f f e r e d  a s  to  why the t o p s  of EM  VII c o n ta i n e d  l e s s  r a d i o a c t i v i t y  a t  24 h o u r s  

th an  th e  m o r e  d w a r f in g  E M  IX.

E x p e r i m e n t s  2, 3 an d  4

T h e  fo l low ing  e x p e r i m e n t s  w e r e  d e s i g n e d  to o b s e r v e  the  f o l i a r  a b -

32 32s o r p t i o n  a n d  t r a n s p o r t  o f  P an d  r o o t  a b s o r p t i o n  a n d  t r a n s p o r t  of P an d

45Ca by a p p le  s c i o n s  (v a r .  M cIn tosh)  budded  on d w a r f in g  (EM IX an d  VII) 

a n d  v i g o r o u s  (EM XVI an d  D e l i c i o u s  s eed l in g )  r o o t s t o c k s .

T h i r t y - s i x  (nine of e a c h  ro o t s to c k )  u n i fo r m  t r e e s ,  wh ich  w e r e  budded  

in A ugus t ,  w e r e  r e m o v e d  f r o m  th e  n u r s e r y  s t o r a g e  c e l l a r  an d  the  s to c k  

ab o v e  the  newly  p l a c e d  bud w a s  r e m o v e d .  T h e  r o o t s  w e r e  t h o ro u g h ly  w a s h e d  

a n d  u n i f o r m l y  p r u n e d .  T h e y  w e r e  p l a c e d  in 3. 5 l i t e r  g l a s s  j a r s  c o n ta in in g  

a h a l f - s t r e n g t h  H o a g la n d  so lu t ion .  T h e  j a r s  c o n ta in in g  the  p l a n t  s p e c i m e n s  

w e r e  th e n  s e t  in c o n t r o l l e d  t e m p e r a t u r e  t a n k s  m a i n t a i n e d  a t  55° F t  2. 0° by 

a c i r c u l a t i n g  w a t e r  ba th  an d  t h e r m o s t a t i c a l l y  c o n t r o l l e d  r e f r i g e r a t o r  an d  

h e a t i n g  c o i l s  ( F i g u r e  2). T h e  d e s ig n  of the  c o n t r o l l e d  t e m p e r a t u r e  t a n k s



F ig u re  2

Solution c u l t u r e s  u s e d  in g r o w in g  the  p l a n t s .  R oot  

m e d iu m  m a i n t a i n e d  at  55° F in e ac h  tan k  by r e f r i g e r a t o r  c o m p r e s ­

s o r s  and  hea t ing  un i ts .  A Brown a u t o m a t i c  p o t e n t i o m e t e r  c o n t i n u ­

ous ly  r e c o r d e d  t e m p e r a t u r e  of w a t e r - b a t h ,  n u t r i e n t  so lu t io n  a n d  

a i r .
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h as been  d e s c r ib e d  in  d e ta il by R o b e r ts  (1953). T e m p e ra tu re  of the  w a te r -  

bath, n u tr ie n t so lu tio n  and  a i r  w e re  r e c o rd e d  a u to m a tic a lly  by a Brown 

P o te n tio m e te r* . T h e  n u tr ie n t  so lu tio n s  w e re  v ig o ro u s ly  a e r a te d  fro m  a 

c e n tr a l  a i r  supply  w hich  w as f i l te r e d  and  d is tr ib u te d  to  eac h  j a r  th ro u g h  

a e r a t in g  s to n e s^ .

W ithin a  w eek  a f te r  p la c in g  in  so lu tio n  c u ltu re s , a  fungus w as o b ­

s e rv e d  on the  ro o ts  of EM  XVI and  D e lic io u s  seed lin g . It a p p e a re d  to be 

lo c a liz e d  on the o ld  ro o ts ;  new ro o ts  w e re  not a ffec ted . T he fungus w as 

is o la te d  and  id en tif ie d  a s  a M ucor s t r a in  sap ro p h y te . A fte r rem o v in g  the  

s tio n s , the  ro o ts  w e re  w ash ed  and  the  n u tr ie n t so lu tio n s  w e re  re p la c e d  w ith  

s ta n d a rd  H oagland. T he  fungus w as not a s e r io u s  p ro b le m  once the  buds 

b ro k e  and  the  s tio n s  w ere  ac tiv e ly  grow ing. A lso , in  a  n u m b er of c a s e s  the  

new ly p la c e d  bud a p p e a re d  a s  a  m ix ed  (b lossom  and  shoot) bud r a th e r  th an  

a  shoo t bud. A p p ro x im a te ly  fo u r o r  s ix  w eeks a f te r  sc ion  g row th  began, 

t r e e s  show ing p o o r  v ig o r  o r  co n ta in in g  m ix ed  buds w e re  re p la c e d  by m o re  

n o rm a l p la n ts  s im i la r ly  grow n fo r  su ch  a p u rp o se .

In E x p e rim e n t 2, th e  d e s ir e d  iso to p ic  p h o sp h o ru s  w as p la c e d  in 0. 2 

p e rc e n t  o r th o -p h o sp h o ric  a c id  c a r r i e r ,  and  the  pH of the so lu tio n  w as a d ­

ju s te d  to  2. 0 w ith  p o ta ss iu m  h y d ro x id e . F ifte e n  d ro p s  of the  iso to p ic  t r e a t ­

in g  so lu tio n  (30 u c /m l)  w e re  a p p lie d  to the fo u rth  and  fifth  le a v e s  of the

^ M inneapo lis  H oneyw ell, Brown In s tru m e n ts , In d u s tr ia l  D iv ision , 
P h ilad e lp h ia , P en n sy lv an ia .

2
W a rd s  N a tu ra l S c ien ce  E s ta b lish m e n t, 3000 R idgew ood E a s t, R o c h e s te r , 
N ew Y ork .
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sc io n . T h e re  w e re  no v isu a l sy m p to m s w hich w ould in d ic a te  le a f  in ju ry .

P lan ts  w e re  h a rv e s te d  24, 48 and  96 h o u rs  fo llow ing  tre a tm e n t, 

and  s e p a ra te d  a s  fo llow s: (a) t r e a te d  le a v e s , (b) shoot above t r e a te d  le a v e s , 

(c) shoo t below  t r e a te d  le a v e s , (d) five  c e n tim e te r  ph loem  seg m e n t co n ­

ta in in g  the  bud union, and  (e) ro o ts .

In ro o t a b so rp tio n  s tu d ie s  of P (E x p e rim en t 3) th e  t r e a t in g  so lu ­

tio n  w as p r e p a re d  by ad d ing  p h o sp h o ru s  la b e le d  o r th o -p h o sp h o ric  a c id  to

d is t i l le d  w a te r  so th a t te n  m i l l i l i t e r s  w ould d e liv e r  108. 5 m ic ro c u r ie s  of 

32P . T en  m i l l i l i t e r s  of the  t r e a t in g  so lu tio n  w ere  then  added  to e a c h  c u ltu re

j a r  w ith  a  r e s u l t in g  sp e c if ic  a c tiv ity  of one m ic ro c u r ie  of P 32 to one m ill ig ra m

31of P . T he  s tio n s  w e re  h a rv e s te d  24, 48 an d  96 h o u rs  a f te r  the  ad d itio n

32of P to the  ro o t m edium , and  s e p a ra te d  in to  the fo llow ing  sa m p le s :

(a) sc io n , (b) five c e n tim e te r  seg m e n t co n ta in in g  the  bud union, (c) s to ck

below  th e  bud union, and  (d) ro o ts .

R ad io ca lc iu m  in  w eak h y d ro c h lo ric  a c id  w as a p p lie d  c a r r i e r  f r e e  to

th e  n u tr ie n t m ed ium  (E x p e rim e n t 4) a t the  r a te  of 0. 5 m ic ro c u r ie  of C a^^

40to  one m ill ig ra m  of Ca . T h e  s tio n s  w ere  h a rv e s te d  48, 96 and  144 h o u rs  

a f te r  t re a tm e n t  by s e p a ra t in g  in to  (a) sc io n , (b) bud union, and  (c) s to ck  

below  th e  bud union. T h e re  w as no v is ib le  in ju ry  a p p a re n t a s  a  r e s u l t  of 

t r e a tm e n t  of th e  ro o t m ed ium  w ith  e i th e r  P o r  Ca u n d er th e  d e s c r ib e d  

c o n d itio n s  an d  t im e s  s tu d ied .
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W ith in  th e  s h o r t  d u r a t i o n  (4 o r  6  w eek s )  of the  e x p e r i m e n t s  l i t t l e

d i f f e r e n c e s  w e r e  v i s i b l e  in the  v i g o r  of the  s c io n  e x c e p t  on EM  XVI. In

E x p e r i m e n t s  2 a n d  3 M c I n to s h  on E M  XVI w as  s l o w e r  to i n i t i a t e  ro o t s ,

b r e a k  bud a n d  p r o d u c e d  the  l e a s t  t e r m i n a l  g ro w th  (T a b le  I). R a d i o a c t i v e

a n a l y s i s  of th e  s c i o n  s t e m  ab o v e  the  t r e a t e d  l e a v e s ,  fo l low ing  f o l i a r  ap -  

32p l i c a t i o n  of P , s h o w e d  no s ig n i f i c a n t  d i f f e r e n c e s  i r r e s p e c t i v e  of the

32r o o t s t o c k .  H o w e v e r ,  s c i o n s  on EM XVI c o n ta i n e d  m o r e  P th a n  th o s e  

on EM  VII, IX o r  D e c l i c i o u s  s e e d l i n g  r o o t s t o c k s .  C o m p a r a t i v e  a m o u n t s  

of f o l i a r  a p p l i e d  r a d i o p h o s p h o r u s  r e c o v e r e d  in the  s c io n  s t e m  p o r t i o n  

i m m e d i a t e l y  a b o v e  the  bud union  a n d  be low  th e  t r e a t e d  l e a v e s  a r e  i l l u s ­

t r a t e d  in F i g u r e  3 (Top) .  T h e  q u an t i ty  r e c o v e r e d  in t h i s  s e g m e n t  c l o s e l y

p a r a l l e l e d  the  s c io n  v i g o r  o b s e r v e d  in the  f ie ld .  L e s s  of the  f o l i a r  a p p l i e d  

32P w a s  r e c o v e r e d  in t h i s  s e g m e n t  on d w a r f in g  s t o c k s  E M  VII and  IX than  

v i g o r o u s  s t o c k s  E M  XVI and  D e c l i c i o u s  s ee d l in g .  T h e r e  w as  no e x t e n s i v e  

i n c r e a s e  of  the  i s o to p e  in t h i s  r e g i o n  f r o m  24 to 96 h o u r s  a f t e r  t r e a t m e n t .  

T h i s  s u g g e s t e d  tha t  the  bud union d id  not o f f e r  an  o b s t r u c t i o n  to the  d o w n ­

w a r d  t r a n s p o r t  of f o l i a r  a p p l i e d  p h o s p h o r u s .  With  M cI n to sh  s c io n  on 

E M  XVI, the  d e c r e a s e  in P 3 2  a t  48 h o u r s ,  a s  c o m p a r e d  with  24 h o u r s ,  in 

the  s t e m  i m m e d i a t e l y  a b o v e  the  bud union w as  c o r r e l a t e d  with  a h ig h e r  

c o n c e n t r a t i o n  of P 3 2  in the  s t e m  s e g m e n t  above  the  t r e a t e d  l e a v e s .  T h i s  

d e c r e a s e  w a s  e v id e n t  in a l l  s a m p l e s  be low the  t r e a t e d  l e a v e s  in t h i s  r o o t -  

s to ck .
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TA BLE I

L E N G T H  O F T E R M IN A L  G R OW TH O F  MCINTOSH SCIONS F O U R  AND 
SIX W E E K S  A F T E R  BUD BREAK ON DWARFING AND VIGOROUS 

R O O T ST O C K S R E C O R D E D  IN T H R E E  E X P E R IM E N T S

M cI n to sh  Sc ion E x p e r i m e n t
on 2^ 3 1 4 1

E M  VII 26. 5

( c e n t i m e t e r s )  

15. 8 13. 1

E M  IX 21. 3 12. 3 18. 4

E M  XVI 15. 8 9. 9 18. 2

D e l i c i o u s  S e e d l in g 23. 1 15. 2 -------

L . S .  D. 5% 4. 3 3. 0 3. 4

1% 5. 9 4. 0 4. 1

1
M e a s u r e m e n t  t a k e n  4 w e e k s  a f t e r  bud  b r e a k .

2M e a s u r e m e n t  t a k e n  6  w e e k s  a f t e r  bud b r e a k .



F i g u r e  3 

32R a d i o p h o sp h o ru s  (P c p m / g m  d r y  w t . ) r e c o v e r e d  in va r io u s

32t i s s u e s  a t  24, 48 an d  96 h o u r s  fo l lowing  f o l i a r  a p p l i c a t i o n  of P oz> labe led  

o r t h o - p h o s p h o r i c  a c id  ( 0 . 2 % )  to M cIn to sh  s c io n s  budded  on E a s t  M ai l ing  

(EM) VII, IX and  XVI and  D e l i c io u s  s e e d l i n g  r o o t s t o c k s .

(Top) The  M cIn tosh  s c io n  s e g m e n t  i m m e d i a t e l y  ab o v e  the

bud union.

(Bottom) T h e  five c e n t i m e t e r  p h lo e m  s e g m e n t  c o n ta in in g  

the bud union.
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o n
T h e  q u a n t i ty  of f o l i a r  a b s o r b e d  P r e c o v e r e d  in the  p h lo e m  s e g ­

m e n t  c o n t a i n i n g  the  bud union f o r m e d  by M c I n to sh  s c i o n s  on E M  VII, IX 

a n d  XVI a n d  D e l i c i o u s  s e e d l i n g  r o o t s t o c k s  d id  not d i f f e r  s i g n i f i c a n t ly  a m o n g  

r o o t s t o c k s  ( T a b l e  II). At 48 h o u r s  a ll ,  wi th  the  e x ce p t io n  of EM XVI, had  

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

( F i g u r e  3, Bot tom). It i s  i n t e r e s t i n g  to no te  th a t  only in M c l n t o s h / E M  IX

32d o e s  the  p h l o e m  s e g m e n t  c o n ta i n in g  the  bud union  co n ta in  m o r e  P p e r  

g r a m  d r y  w e igh t  th a n  the  s t e m  ( F i g u r e  3, Top)  i m m e d i a t e l y  above  it.

T h i s  m a y  in d ic a te  th a t  t h e r e  i s  a n  a c c u m u l a t i o n  a t  the  bud union, but if 

so,  the  m a g n i t u d e  i s  v e r y  s m a l l  w i th in  the  f i r s t  96 h o u r s ,  a n d  does  not 

d i f f e r  s i g n i f i c a n t ly  f r o m  the  s t e m  above  it.

32S ig n i f ic an t ly  d i f f e r e n t  q u a n t i t i e s  of f o l i a r  a b s o r b e d  P w e r e  r e ­

c o v e r e d  in the  r o o t s  of the  v a r i o u s  r o o t s t o c k s  (T ab le  III). R a d io a c t iv e

32a n a l y s i s  r e v e a l e d  th a t  th e  l e a s t  a m o u n t  of P w as  t r a n s p o r t e d  to the

r o o t s  of  E M  IX a n d  XVI, the  g r e a t e s t  q u a n t i ty  in D e l i c io u s  s e e d l in g s

32w i th  i n t e r m e d i a t e  v a l u e s  f o r  EM  VII. T h e  f o l i a r  a p p l i e d  P t r a n s p o r t e d

to the  r o o t s  of EM  IX i n c r e a s e d  p r o p o r t i o n a t e l y  with  t im e  ( F i g u r e  4,

32
Bottom).  E a s t  M a i l i n g  VII a n d  D e l i c i o u s  s e e d l i n g  a c c u m u l a t e d  P a t  a 

g r e a t e r  r a t e  d u r i n g  the  f i r s t  48 h o u r s  a n d  then  l e v e l e d  off. W hile  E M  

XVI a g a i n  s h o w e d  l e s s  a c t i v i t y  at  48 h o u r s  th an  a t  24 h o u r s .  No e x p l a n a ­

t io n  c a n  be o f f e r e d  to a c c o u n t  fo r  the  b e h a v i o r  of EM XVI a t  48 h o u r s .
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F ig u re  4

QO
R a d i o p h o sp h o ru s  (P c p m / g m  d r y  wt. ) r e c o v e r e d  in v a r i o u s

t i s s u e s  of M c I n to sh  s c io n s  budded  on E a s t  M a i l i n g  (EM) VII, IX an d

XVI and  D e l ic io u s  s e e d l in g  r o o t s t o c k s ,  24, 48 a n d  96 h o u r s  fo l lowing  

32t r e a t m e n t  w i th  P

(Top) R a d io p h o s p h o r u s  co n ten t  of M c I n to sh  s c i o n s  fo l lowing  

a p p l ic a t io n  to the roo t  m e d iu m .

(Bottom) R a d io p h o s p h o r u s  c o n ten t  of r o o t s  fo l low ing  f o l i a r  a p ­

p l ic a t io n .
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It a p p e a r s  f r o m  t h e s e  da ta  th a t  th e  r o o t s t o c k  in s o m e  way m o d i f i e s  the  p h y -

s io lo g y  of th e  s c io n .  T h i s  m o d i f i c a t i o n  p r o b a b l y  e x p r e s s e s  i t s e l f  in the

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

t h e  r e q u i r e m e n t s  of the  s to c k .  If i t  w e r e  a q u e s t i o n  of r e d u c e d  t r a n s p o r t

t h r o u g h  the  s to ck ,  th e n  one  w ou ld  e x p e c t  an  a c c u m u l a t i o n  of the  f o l i a r  ap -  

32p l i e d  P a b o v e  the  bud union.  T h i s  i s  not the  c a s e ,  h o w e v e r ,  s in c e  on

32a c o m p a r a t i v e  b a s i s  a s i m i l a r  d i s t r i b u t i o n  of P e x i s t e d  b e tw ee n  the  s t e m

s e g m e n t  a b o v e  the  bud union  a n d  r o o t s  in the  v a r i o u s  s to ck s .

32W h en  P w a s  a p p l i e d  t h r o u g h  th e  r o o t s  no s ig n i f i c a n t  d i f f e r e n c e s

c o u ld  be  d e t e c t e d  in a f i v e - c e n t i m e t e r  s t e m  s e g m e n t  c o n ta in in g  the  bud

u n io n ,  on  th e  v a r i o u s  r o o t s t o c k s  (T a b le  II).

H o w e v e r ,  a c l e a r  d i s t i n c t io n  w as  a p p a r e n t  be tw een  the  d w a r f in g

(EM  VII a n d  IX), a n d  v i g o r o u s  (EM XVI a n d  D e l i c i o u s  seed l ing)  r o o t s t o c k s

32in t h e i r  a b i l i t y  to a b s o r b  a n d  t r a n s l o c a t e  P to the  s c ion .  T h e  l e a s t  a m o u n t  

of P ^ 2 w a s  r e c o v e r e d  in the  M c I n to s h  s c io n  on E M  IX, w i th  an  i n t e r m e d i a t e  

v a lu e  f o r  EM  VII a n d  the  g r e a t e s t  on D e l i c i o u s  s e e d l in g  an d  EM  XVI (Tab le  

III). At 24 h o u r s  the  m o s t  v i g o r o u s  c o m b in a t io n  ( M c l n t o s h / E M  XVI) d i f ­

f e r e d  f r o m  th e  m o s t  d w a r f i n g  ( M c l n t o s h / E M  IX) by only 100 co u n ts  p e r  

m i n u t e .  T h e s e  d i f f e r e n c e s  w e r e  a c c e n t u a t e d  a t  48 a n d  96 h o u r s  a f t e r  the  

ad d i t io n  of  the  i s o to p e  to  the  r o o t  m e d i u m .  It i s  i n t e r e s t i n g  to no te  tha t  

th e  t i m e  a c t i v i t y  c u r v e s  f o r  d w a r f in g  s t o c k s  (EM VII a n d  IX) w e r e  a l m o s t
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p a r a l l e l  ( F i g u r e  4, T op) . T h e  v ig o ro u s  s to c k s  (EM  XVI a n d  D e l ic io u s  s e e d ­

ling) a l s o  c lo s e ly  p a r a l l e l e d  e a c h  o th e r .  T h e  o r d e r  o f  P ^  a b s o r p t io n  an d  

t r a n s p o r t  in s t io n s  (M c ln to s h /E M  IX, VII a n d  XVI a n d  D e l ic io u s  seed lin g )  

c lo s e ly  fo l lo w e d  th e  v e g e ta t iv e  g ro w th  o b s e r v e d  in M cIn to sh  s c io n s  on EM  

IX, VII a n d  XVI a n d  D e l ic io u s  s e e d l in g  u n d e r  c o m m e r c i a l  p r a c t i c e .  T h e s e  

d a ta  show  th a t  e a c h  s t io n  h a s  a c h a r a c t e r i s t i c  t im e  a b s o r p t io n  c u rv e ,  w hich

is  c lo s e ly  c o r r e l a t e d  w ith  v ig o r .

45W hen  C a  w as  a p p l ie d  to th e  ro o t  m e d iu m  of M cIn to sh  s c io n s  on

45E M  VII, IX a n d  XVI r o o t s to c k s ,  s ig n if ic a n t ly  g r e a t e r  q u a n t i t ie s  of Ca

w e r e  r e c o v e r e d  in  th e  M c In to sh  s c io n s  on EM  XVI ( F ig u r e  5). T he  l e a s t

45q u a n t i ty  of th e  ro o t  a b s o r b e d  C a w as found in the  s c io n s  on the  d w a rf in g

s to c k  E M  IX. M c In to sh  s c io n s  on E M  VII ( s e m i- d w a r f )  w e r e  in te r m e d ia te

45 52in C a c o n te n t  ( F ig u r e  5). A s w ith  ro o t  a b s o r b e d  P , the  d w a rf in g  r o o t ­

s to c k s  (EM  VII a n d  IX) e x h ib i te d  s i m i l a r  t im e  a b s o r p t io n  c u r v e s .  R a d io ­

a c t iv i ty  in  th e  s c io n s  on th e  v ig o r o u s  s to c k  (EM  XVI) i n c r e a s e d  w ith  t im e  

a n d  l a r g e r  a m o u n ts  w e r e  p r e s e n t  th a n  in the  s c io n s  on d w a rf in g  s to c k s  

(EM  VII a n d  IX). C o n se q u e n t ly ,  th e  in h e r e n t  c a p a c i ty  of EM  XVI r o o ts to c k s  

to a b s o r b  c a lc iu m  w a s  g r e a t e r  th a n  e i t h e r  EM  VII o r  EM  IX.

45T h e r e  w a s  no a p p a r e n t  r e l a t i o n  b e tw ee n  s t io n  v ig o r  an d  Ca c o n ­

c e n t r a t i o n  in  the  s te m  s e g m e n t  c o n ta in in g  the  bud un ion  (T ab le  II). No

m a r k e d  a c c u m u la t io n  of r o o t  a p p l ie d  C a ^  w as  o b s e r v e d  a t  the  bud union

45(T a b le  II), in d ic a t in g  th a t  the  un ion  d id  not m a t e r i a l l y  im p e d e  C a t r a n s p o r t  

d u r in g  th e  t i m e s  s tu d ie d .



F ig u r e  5

R a d io c a lc iu m  ( C a ^  c p m /g m  d ry  w t . )  d e te c te d  in the  

M c In to sh  s c io n s  on EM  VII, IX an d  XVI r o o t s to c k s ,  48, 96 a n d  

144 h o u r s  fo l lo w in g  i t s  a d d i t io n  to th e  ro o t  m e d iu m .
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E x p e rim e n t 5

T he t r a n s p o r t  of f o l ia r  a p p lie d  ra d io p h o sp h o ru s  by g e n e tic a lly  

d w arfed  and  n o n -d w a rfe d  to m a to  p la n ts  w as s tu d ied . S eed lings of g en e ­

t ic a l ly  d w arf  (v a r . M a c A rth u r  741) and  n o n -d w arf (v a r. S tokesdale) to m ato  

p la n ts  w e re  s ta r t e d  in  v e rm ic u li te  an d  then  t r a n s f e r r e d  a s  sm a ll seed lin g s  

to so lu tio n  c u l tu re s  u s in g  a  s ta n d a rd  H oagland fo rm u la tio n . A ra n d o m iz e d

b lo ck  d es ig n  w ith  five  re p lic a tio n s  w as u sed . A fte r  ten  days, o n e -h a lf  of

32the  p la n ts  of e a c h  v a r ie ty  w e re  t r e a te d  by app ly ing  0. 1 m ic ro c u r ie  of P 

to  the  f i r s t  t r u e  lea f. At th e  t im e  of tre a tin g , both dw arf and  v ig o ro u s  

p la n ts  h ad  th e  sa m e  n u m b er (4 -5) of le a v e s , thus th e ir  p h y s io lo g ica l d e ­

v e lo p m en t w as c o m p a ra b le .

P lan ts  w e re  h a rv e s te d  a f te r  6 and  24 h o u rs  and  s e p a ra te d  into the  

fo llow ing  p a r t s :  (a) t r e a te d  lea f, (b) s tem  p lu s  n o n - tre a te d  le av es , and

(c) ro o ts .  T he s a m p le s  w e re  p la c e d  in  50 m i l l i l i t e r  b e a k e rs , d r ie d  in  a 

fo rc e d  a i r  oven  (70*C) fo r  96 h o u rs , and  th en  coun ted  d ire c tly . No c o r ­

r e c t io n  w as m ad e  fo r  s e lf  a b so rp tio n .
0 9

T he to ta l P a b s o rb e d  and  tra n s lo c a te d  fro m  the  t r e a te d  le a f  w as 

a lm o s t id e n tic a l fo r  th e  d w arf (1627. 7 cpm ) and  n o n -d w arf (1626. 5 cpm ) 

to m a to  p la n ts  (T ab le  IV). T h is  in d ic a te d  th a t no d iffe re n c e s  e x is te d  betw een  

the  d w arf an d  n o n -d w a rf  to m ato  p la n ts  in  th e ir  ab ility  to  a b s o rb  fo lia r
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ap p lie d  ra d io p h o sp h o ru s . H ow ever, th e re  w e re  s ig n ifican t d iffe re n c e s  in the
oo

d is tr ib u tio n  of the  a b s o rb e d  p h o sp h o ru s . M o re  P w as r e c o v e re d  in  the

s te m s  an d  n o n - tr e a te d  le a v e s  of the dw arf than  th e  n o n -d w arf p la n ts , but

the d if fe re n c e s  w e re  not s ig n if ic a n t (T ab le  IV). S ig n ifican tly  m o re  of the  

32fo lia r  a p p lie d  P w as r e c o v e re d  in the ro o ts  of the  n o n -d w arf than  the  dw arf 

to m ato  p la n ts ,  in d ic a tin g  th a t le s s  fo lia r  a p p lie d  P*^ w as tra n s lo c a te d  to  the 

ro o t of th e  d w arf  to m a to  p la n t. T h u s, w ith  to m a to es , the ab so rp tio n  c a p a ­

c ity  of le a v e s  of d w arf and  n o n -d w a rf  p la n ts  d id  not d iffe r , but t r a n s p o r t  to  

the  ro o ts  o f th e  d w arf  p lan t w as re d u c ed .

E x p e rim e n t 6

P re v io u s  s tu d ie s  (E x p e r im e n t 5) in d ica te d  th a t dw arf and  n o n -d w arf

32 32to m ato  p la n ts  a b s o rb e d  eq u a l q u a n titie s  of fo lia r  ap p lied  P , but le s s  P w as 

t r a n s p o r te d  to  th e  ro o ts  of th e  dw arf than  the  n o n -d w arf p lan t. The follow ing 

e x p e r im e n t w as d e s ig n e d  to o b se rv e  the a b so rp tio n  and  su b seq u en t t r a n s p o r t

QO
of f o l ia r  a p p lie d  P in  c h e m ic a lly  d w arfed  and n o n -d w arfed  tom ato  p la n ts .

T o m ato  (v a r. S to k esd a le ) se e d lin g s  w e re  grow n a s  in  the  p re v io u s  

e x p e r im e n t. A fte r  te n  d ay s  of g row th  in  s ta n d a rd  H oagland so lu tion  c u ltu re s , 

the  fo liag e  w as d ip p ed  in  so lu tio n s  (0, 1000 o r  4000 ppm ) of m a le ic  h y d raz id e  

( fo rm u la te d  a s  a w a te r  so lu b le  d ie th an o lam in e  s a lt  of 1, 2 -d ih y d ro -3, 6 -p y rid a -  

z in ed io n e). F o u r  d ay s  a f te r  t r e a tm e n t  w ith  m a le ic  h y d raz id e , 0. 1 m ic ro c u r ie
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32 32of P (a s  H^P O4 ) w a s  a p p l i e d  to  th e  f i r s t  t r u e  le a f .  T h e  p l a n t s  w e r e  h a r ­

v e s t e d  6  a n d  24 h o u r s  l a t e r ,  a n d  s a m p l e s  p r e p a r e d  a n d  c o u n te d  a s  d e s c r i b e d  

in  th e  p r e v i o u s  e x p e r im e n t .

N ew  top  g ro w th  w as  g r e a t l y  r e d u c e d  in  th e  m a le ic  h y d ra z id e  t r e a t e d  

p la n t s .  T o m a to  p l a n t s  t r e a t e d  w ith  4000 p a r t s  p e r  m i l l io n  sh o w ed  b u rn in g

of th e  l e a f  e d g e s .  H o w ev e r ,  no in ju r y  o c c u r r e d  w ith  1000 p a r t s  p e r  m il l io n .

0 9
T h e  p e r c e n t  of th e  f o l i a r  a p p l ie d  P r e c o v e r e d  in  th e  s te m  o r  r o o t s  d id  not 

v a r y  s ig n i f ic a n t ly  w ith  c h e m i c a l  t r e a t m e n t  a t  s ix  h o u r s .  S ig n if ican tly  l e s s  

f o l i a r  a p p l i e d  r a d io p h o s p h o r u s  w as  found  in th e  s t e m s  a n d  n o n - t r e a t e d  le a v e s  

a t  24 h o u r s  o f  p l a n t s  t r e a t e d  w ith  4000  p a r t s  p e r  m i l l io n  of m a le ic  h y d ra z id e .

on
No d i f f e r e n c e s  w e r e  o b s e r v e d  in  th e  P co n ten t  of th e  r o o t s  due to c h e m ic a l

t r e a t m e n t  (T a b le  V). T h e  to ta l  a m o u n t  of f o l i a r  a p p l ie d  P 3^ a b s o r b e d  and

t r a n s p o r t e d  o u t o f  th e  t r e a t e d  le a f  d id  not d i f f e r  s ig n i f ic a n t ly  w ith  c h e m ic a l

t r e a t m e n t  a t  s ix  h o u r s  (T a b le  V), h o w ev er ,  a t  24 h o u r s  c o n s id e r a b ly  l e s s

P 3 2  w a s  t r a n s p o r t e d  out of th e  t r e a t e d  l e a f  in to m a to  p la n ts  t r e a t e d  w ith

4000 p a r t s  p e r  m i l l i o n  of m a le i c  h y d ra z id e .  T h i s  in d ic a te d  th a t  c h e m ic a l ly

32d w a r fe d  to m a to  p l a n t s  a b s o r b e d  l e s s  f o l i a r  a p p l ie d  P , t r a n s p o r t e d  l e s s  of 

th e  a b s o r b e d  p ^ 2  f r o m  th e  t r e a t e d  leaf ,  o r  both .
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TA BLE V

T R A N SP O R T  O F F O L IA R  A PPLIED  RADIOPHOSPHORUS (P32) IN C H E M IC A L L Y  
D W A R F E D 1 T O M A T O  PL A N T S (VAR. STO KESD A LE)

T i m e  A f te r  T r e a t m e n t
M a le ic  H y d r a z id e  —---------------------------------------------------------------------------------------
C o n c e n t r a t io n   6  H o u r s __________________  24 H o u rs_______

S tem  R oo t T o ta l  S tem  Root T o ta l

(ppm ) (m e a n s  of 8  r e p l i c a t i o n s  - % r e c o v e r e d )

0  ( c o n tro l ) . 42 . 24 . 6 6 1 . 79 .4 9 2 . 28

1 0 0 0 . 4 0 . 2 0 . 60 1 . 56 . 39 1. 95

4000 . 39 . 30 . 69
2

. 53 . 42 . 95

1M a le ic  h y d r a z id e  a p p l ie d  4 days  p r i o r  to t r e a tm e n t  w ith  P °A

O
D if f e r s  s ig n i f ic a n t ly  a t  1 % l e v e l  f ro m  c o n t ro l .
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S e c t io n  B

E f fe c t  of th e  G r a f t  U nion  a n d  S c ion  O r ie n ta t io n  

on N u t r ie n t  T r a n s p o r t

E x p e r im e n t  7

T h e  e f fe c t  of th e  g r a f t  un ion  on the  t r a n s p o r t  of p h o s p h o ru s  w a s  s tu d ie d  by

0 9
fo l lo w in g  th e  a c r o p e t a l  m o v e m e n t  of P u n d e r  s h o r t  t im e  in t e r v a l s .  V ig o ro u s

to m a to  p la n t s  ( v a r .  S to k e sd a le )  w ith  8 -1 0  le a v e s ,  g ro w n  in s o i l  c u l tu r e s ,

w e r e  s a d d le  g r a f t e d .  T h e  s c io n  c o n s i s t e d  of a  tw o - in c h  s te m  p ie c e  w ith  one

g ro w in g  p o in t  in  th e  le a f  a x i l .  T o  m in im iz e  p la n t  v a r i a b i l i t y  the  s c io n  w as

of th e  s a m e  c lo n e  a s  th e  s to ck .  F o r  c o n t ro l s ,  o th e r  p la n ts  w e r e  d e c a p i ta te d

a t a p p r o x im a te ly  th e  s a m e  h e ig h t  a s  th e  top of the  s c io n  of th e  g r a f t e d  p la n ts .

Im m e d ia te ly  a f t e r  g ra f t in g ,  th e  p la n t s  w e r e  p la c e d  in  a  h u m id ity  (95-100%  R. H . )

c h a m b e r  fo r  fo u r  d a y s .  T h e y  w e r e  th e n  g ro w n  in a  g re e n h o u s e  u n d e r  the

n o r m a l l y  long  d a y s  of la te  s p r in g  a n d  e a r l y  s u m m e r  w ith  h igh n u t r i e n t  le v e l s

in  th e  r o o t  m e d iu m .  F i f ty - tw o  d ay s  a f t e r  g ra f t in g ,  30 m i l l i l i t e r s  of a  . 05 M

32p o ta s s iu m  d i - h y d r o g e n  p h o s p h a te  so lu t io n  c o n ta in in g  one m i c r o c u r i e  of P 

p e r  m i l l i l i t e r  w a s  a p p l ie d  to  th e  s o i l  in  a  s m a l l  t r e n c h  a ro u n d  the  b a s e  of 

e a c h  p la n t .

T h e  p l a n t s  w e r e  h a r v e s t e d  3, 12, 24, 48 an d  96 h o u r s  fo llow ing  the  a d ­

d it io n  o f  P 3 2  to  th e  ro o t  m e d iu m .  T h e  g r a f t e d  p la n t s  w e r e  s e p a r a t e d  into the



s c io n  an d  g r a f t  un ion . In the  n o n - g r a f t e d  p la n ts ,  the  new  shoo t w as  h a r ­

v e s t e d  a s  a s c io n  a n d  a c o m p a r a b l e  s te m  s e g m e n t  a s  the  g r a f t  union.

D r i e d  p la n t  t i s s u e  s a m p l e s  w e r e  g ro u n d  to  p a s s  th ro u g h  a 40 m e s h  

s c r e e n  a n d  th e n  w et a s h e d  p r i o r  to r a d io a c t iv e  a s s a y .  E a c h  s a m p le  w as 

c o u n te d  t h r e e  t i m e s  a n d  th e  a v e r a g e  coun t p e r  m in u te  p e r  g r a m  d r y  w eigh t 

of t i s s u e  r e c o r d e d .

32R a d io p h o s p h o ru s  (P ) r e c o v e r e d  in the  s c io n s  an d  g r a f t  u n ions  of

g r a f t e d  p l a n t s  a n d  c o r r e s p o n d i n g  t i s s u e s  (new shoo t an d  s te m  s e g m e n t

c o m p a r a b le  to th e  g r a f t  un ion  s e g m e n t)  of n o n - g r a f t e d  p la n ts  a r e  shown in

T a b le  VI. T h e  r a d io a c t i v i ty  found in th e  s c io n s  an d  g r a f t  un ions  g e n e r a l ly

i n c r e a s e d  w ith  t im e  in both  g r a f t e d  an d  n o n - g r a f t e d  p la n t s .  No ex p lan a t io n

is  o f f e r e d  fo r  th e  low  r a d io a c t iv i ty  of n o n - g r a f t e d  s c io n s  at 24 h o u rs  a n c  the

g r a f t e d  s c io n s  a t  48 h o u r s .  T h e r e  w e r e  no c o n s i s te n t  d i f f e r e n c e s  in the  

32P c o n c e n t r a t io n  of the  s c io n s  o r  g ra f t  un ions  of g r a f t e d  o r  c o m p a r a b le  

p o r t i o n s  of n o n - g r a f t e d  p la n t s  a t  a n y  of the  t im e  in t e r v a l s  a f t e r  the  iso to p e  

w a s  a d d e d  to the  ro o t  m e d iu m . L ik e w is e ,  no s ig n if ic a n t  d i f f e r e n c e s  w e re  

o b s e r v e d  b e tw ee n  th e  m e a n s  fo r  a l l  t im e s  (3, 12, 24, 48 an d  96 h o u rs )  fo r  

g r a f t e d  v e r s u s  n o n - g r a f t e d  to m a to  p la n t s .  No o b s t ru c t io n ,  a s s o c i a t e d  w ith  

g ra f t in g ,  to th e  u p w a rd  t r a n s p o r t  of ro o t  a b s o r b e d  r a d io p h o s p h o ru s  w as  o b ­

s e r v e d .  F u r t h e r m o r e ,  the  p r e s e n c e  o r  a b s e n c e  of the  g r a f t  union  in to m a to  

p la n t s  d id  not a f fe c t  th e  q u a n t i ty  of r a d io p h o s p h o ru s  a b s o r b e d  an d  t r a n s p o r t e d  

to th e  s c io n .
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E x p e r im e n t  8

N u tr ie n t  d i s t r i b u t io n  in  g r a f t e d  to m a to  p la n t s  w a s  a s c e r t a i n e d  by 

th e  a u to r a d io g r a p h ic  te c h n iq u e .  S ix  w e ek  o ld  to m a to  p la n t s  (v a r .  M o re to n  

H y b rid )  w e r e  g r a f t e d  a s  d e s c r i b e d  in  the  p r e v io u s  e x p e r im e n t .  A f te r  fo u r  

w e ek s ,  a  s o lu t io n  o f  th e  d e s i r e d  is o to p e  w a s  a p p l ie d  to th e  so i l  in  a  band

a ro u n d  th e  b a s e  of e a c h  p la n t .  T h e  i s o to p e s ;  N a22 , C l36 , C a 4 5 , M n 5 2 -5 4 ,

5 5 -5 9  65 8 6  89 140
F e  , Z n  , R b  , S r  a n d  Ba w e r e  u s e d  in  t h e i r  c h lo r id e  fo rm ,

32 35 64
P a s  o r t h o - p h o s p h o r i c  a c id ,  S a s  su l fa te ,  Cu a s  c o p p e r  n i t r a t e ,  a n d

99
Mo a s  a m m o n iu m  m o ly b d a te .  T h e  s o i l  in  w h ich  e a c h  p la n t  w as  g ro w in g

r e c e i v e d  1 0 0  m i c r o c u r i e s  of o n e  of the  r e s p e c t i v e  i s o to p e s  e x ce p t  in  the

c a s e  of c h lo r in e  w h e r e  15 m i c r o c u r i e s  w e r e  u sed .

T h e  p l a n t s  w e r e  h a r v e s t e d  48 h o u r s  fo l lo w in g  the  a d d it io n  of the

r a d io a c t i v e  i s o to p e s  to  th e  r o o t  m e d iu m .  In h a rv e s t in g ,  a 2 0 - c e n t im e te r

99s e g m e n t  of th e  s te m  m in u s  a p p e n d a g e s  (e x cep t  in the  c a s e  of Mo th e  a p ­

p e n d a g e s  w e r e  r e t a in e d )  but in c lu d in g  th e  g r a f t  union, w as  r e m o v e d  and  

p r e s s e d  b e tw e e n  b o ta n ic a l  d ry in g  p a p e r  in a  f o r c e d  a i r  oven  a t  70° C. Upon 

d ry in g ,  th e  s a m p l e s  w e r e  t r a n s f e r r e d  to new 8  x 1 0  inch  s h e e t s  of b o ta n ic a l  

d r y in g  p a p e r ,  c o v e r e d  w ith  S a r a n  w ra p  (Dow C h e m ic a l  C om pany , M idland, 

M ich ig an )  a n d  e x p o s e d  to  K odak  X - r a y  f i lm  (Blue b ra n d ) .  T h r e e  s te m  s p e c i ­

m e n s  f r o m  t h r e e  p l a n t s  r e s p e c t iv e ly ,  f o r  e a c h  r a d io is o to p e ,  w e r e  u t i l iz e d  

f o r  p r o c u r i n g  th e  a u t o r a d i o g r a m s .
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In o r d e r  to o b ta in  a  d e s i r a b l e  im a g e  th e  p r e s s e d  an d  d r i e d  s te m  

s e c t io n s  w e r e  e x p o s e d  a s  fo llow s:

(a) 24 H o u r s  N a 2 2 , P 32 , C l36 , Ca.4 5 , R b 86 , S r 8 9 , M o 9 9  Ba1 4 0

(b) 7 D ay s  S 3 5

(c) 15 D ay s  M n 5 2 ' 54 , C u 6 4

(d) 21 D ay s  F e * ^ ~ " ,  Z n ^

A ll a u t o r a d i o g r a m s  show  a s i m i l a r i t y  in  th a t  t h e r e  w a s  no a c c u m u la t io n  

of th e  i s o to p e  a t  the  s i t e  of the  g r a f t  un ion  ( F ig u r e s  6 , 7 , 8 , 9). No a c c u m u ­

la t io n  of an y  of th e  i s o to p e s  above  o r  be low  th e  g r a f t  un ion  o c c u r r e d  w ith  the

p o s s ib l e  e x c e p t io n  of c h lo r in e  ( C l ^ ) .  T h is  w as  of l i t t l e  s ig n if ic a n c e  s in ce

c h lo r in e  t e n d s  to  a c c u m u la te  in the  v a s c u l a r  s y s te m  of to m a to  p la n ts  

(B ro y e r  1956).

E x p e r im e n t  9

D is t r ib u t io n  of ro o t  a b s o r b e d  r a d io c a lc iu m  w as  n ex t s tu d ie d  th ro u g h  

a d w a r f in g  a p p le  i n t e r s t e m  in v o lv in g  two g r a f t  u n io n s .  T h r e e  tw o - y e a r - o l d  

M c In to sh  t r e e s *  c o n ta in in g  a  C l a r k ’s d w a rf  i n t e r s t e m  w e r e  s t a r t e d  in san d  

c u l t u r e s  w ith  s t a n d a r d  H o ag lan d  so lu t io n .  Tw o w e ek s  a f t e r  th e  in i t ia t io n  

of bud a c t iv i ty ,  a n d  w h ile  the  t r e e s  w e r e  a c t iv e ly  g row ing , 1 0 0  m i c r o c u r i e s  

o f  C a 4 "* w e r e  a p p l ie d  to th e  ro o t  m e d iu m  of e a c h  t r e e .  A 20 c e n t i m e t e r

T r e e s  s u p p l ie d  by S ta r k  B r o th e r s  N u r s e r y ,  L o u is ia n a ,  M is s o u r i .



F ig u re  6

A u to r a d io g r a m s  of g r a f t e d  to m a to  s t e m s  sho w in g  th e  d i s t r i ­

bu tion  of C a 4^ (left) , Ba4 4 *4 ( c e n te r ) ,  a n d  S r "  ( r ig h t) ,  48 h o u r s  fo llow ­

ing  the  a d d i t io n  of the  i s o to p e s  to the  ro o t  m e d iu m .  (A r r o w s  in d ic a te  

s i te  of the  g ra f t  union).
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F ig u re  7

A u to r a d io g r a m s  of g r a f t e d  to m a to  s t e m s  sh o w in g  th e  d i s t r i ­

b u tion  of C l3^ (left) , S35 ( c e n te r )  a n d  N a ^  ( r ig h t) ,  48 h o u r s  fo l low ing  

the  a d d it io n  of the  i s o to p e s  to th e  ro o t  m e d iu m . (A r r o w s  in d ic a te  s i te  

of the  g ra f t  union).
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F ig u re  8

A u to r a d io g r a m s  of g r a f t e d  to m a to  s t e m s  i l l u s t r a t i n g  th e  d i s t r i ­

bution  of (left) , ( c e n te r )  a n d  M n ^ ' ^  ( r ig h t) ,  48 h o u r s  following

so il  a p p l ic a t io n .  (A r ro w s  in d ic a te  s i t e  of the  g r a f t  un ion).
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F ig u re  9

A u to r a d io g r a m s  of g r a f t e d  to m a to  s t e m s  i l l u s t r a t i n g  th e  d i s t r i -

65 99bu tion  of Z n  (left) a n d  Mo ( r ig h t) ,  48 h o u r s  a f t e r  t r e a t i n g  the  ro o t

m e d iu m . (A r r o w s  in d ic a te  s i t e  of th e  g r a f t  un ion).
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s e g m e n t  of th e  s te m  c o n ta in in g  th e  i n t e r s t e m  w as  r e m o v e d  24 h o u r s  a f t e r  

t r e a t in g .  T h e  s e g m e n t s  w e r e  d r ie d ,  s e c t io n e d  a n d  a u t o r a d i o g r a m s  p r e p a r e d .

T h e  d w a r f in g  i n t e r s t e m  w a s  l a r g e r  in d i a m e t e r  th a n  e i t h e r  the  

s to c k  o r  irie s c io n  ( F ig u r e  10). T h e  g r a f t  u n io n s  b e tw e e n  the  s c io n  an d  i n t e r ­

s te m  w e r e  w e ll  fo r m e d ,  w h e r e a s  th o s e  b e tw een  the  i n t e r s t e m  an d  s to c k  

show ed  e v id e n c e  of i n t e r n a l  b re a k d o w n . T h e r e  w as ,  h o w e v er ,  no e x t e r n a l  

e v id e n c e  of s t r u c t u r a l  w e a k n e s s .  T h e  p r i m a r y  a n d  in i t ia l  p a th w ay  fo r  th e  

t r a n s p o r t  of ro o t  a b s o r b e d  r a d io c a lc iu m  d u r in g  the  f i r s t  24 h o u r s  a p p e a r e d  

to be the  n ew ly  f o r m e d  x y le m  ( A u to r a d io g r a m ,  F ig u r e  10). No in te r r u p t io n  

of t r a n s p o r t  w a s  no ted , bu t fo r  c o n c lu s iv e  e v id e n c e  s e r i a l  s e c t io n s  w ould  

be n e c e s s a r y .

E x p e r im e n t  10

D u r in g  th e  c o u r s e  of e a r l i e r  e x p e r im e n ta t io n  it w as  o b s e r v e d  th a t

45Ca f a i l e d  to m o v e  out of th e  t r e a t e d  leaf .  F u r t h e r m o r e ,  when a p p l ie d  to

. i- 45
the  s te m  C a m o v e d  only  a c r o p e ta l ly .  T h e  ’’p o la r "  t r a n s p o r t  of C a , in

0 9
c o m p a r i s o n  w ith  P , w as  n ex t  s tu d ie d  by u t i l iz in g  g ra f t  un ions of to m a to  

p la n t s  in v o lv in g  r e v e r s e d  p o l a r i t y .

U n ifo rm  f iv e - w e e k - o ld  to m a to  p la n t s  (v a r .  S to k e sd a le )  w e re  d e c a p i ­

t a t e d  ab o v e  th e  s e c o n d  t r u e  le a f .  Tw o l a t e r a l s  w e r e  p e r m i t t e d  to g ro w  and  

fo u r  w e e k s  l a t e r  th e  lo w e r  l a t e r a l  of one p la n t  w as  g r a f t e d  (ap ex  to apex) 

in to  th e  u p p e r  l a t e r a l  of a n o th e r  p la n t  (F ig u r e  11).



F ig u r e  10

P h o to g ra p h  (left)  i l l u s t r a t i n g  a lo n g i tu d in a l  s e c t io n  th ro u g h  a 

C l a r k ’s d w a rf  i n t e r s t e m  w ith  a M cIn to sh  s c io n  a n d  H ib e rn a l  s tock , and

a u to r a d io g r a m  (r igh t)  show ing  the  d i s t r ib u t io n  an d  p a th w ay  of t r a n s p o r t

4 5of Ca , 24 h o u rs  a f t e r  a p p l ic a t io n  to th e  ro o t  m e d iu m .





F ig u re  11

A un ion  f o r m e d  by g r a f t in g  to g e th e r  (ap ex  to  apex ) th e  

f o r c e d  l a t e r a l s  of two to m a to  p la n t s .
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T h r e e  w e e k s  a f t e r  g ra f t in g ,  a n d  w hen th e  f i r s t  f lo w e rs  w e r e  open,

45 3 2
100 m i c r o c u r i e s  o f  C a  o r  50 m i c r o c u r i e s  of P w e r e  ad d ed  to the  so i l  in

w h ich  th e  r o o t s  of o n e  of th e  g r a f t e d  p la n t s  w e r e  g ro w in g . T h e  g r a f t e d  

l a t e r a l s  w e r e  s e v e r e d  f ro m  the  two p l a n t s  6 o r  12 days  a f t e r  t r e a tm e n t  

a n d  s e g m e n te d  a s  fo llo w s: (a) f iv e  c e n t i m e t e r  s e g m e n t  c o n ta in in g  th e  g ra f t  

union, (b) f ive  c e n t i m e t e r  s e g m e n t  a d ja c e n t  to th e  g r a f t  un ion  an d  f ro m  the  

p la n t  r e c e i v i n g  th e  r a d io a c t iv e  iso to p e ,  an d  (c) f ive  c e n t i m e t e r  s e g m e n t  a d ­

ja c e n t  to  the  u n ion  but f ro m  the  p la n t  r e c e iv in g  no r a d io a c t iv e  iso to p e .  

T w e lv e  d a y s  fo l lo w in g  t r e a t m e n t  young  im m a tu r e  f r u i t s  w e re  h a r v e s t e d  f ro m  

both  p l a n t s .  S tem  s e g m e n t  a n d  f r u i t  s a m p le s  w e r e  p r e p a r e d  an d  a s s a y e d  

f o r  r a d io a c t i v i t y .  T h r e e  a p e x  to a p e x  un ions  w ith  a p p ro a c h in g  l a t e r a l s  w e re  

u s e d  to  o b ta in  a  r e p r e s e n t a t i v e  a u to r a d io g r a m  ( F ig u r e  12).

V a lu e s  f o r  r a d io a c t i v i ty  in  the  g r a f t e d  l a t e r a l s  and  young f r u i t s

32a r e  g iv en  in  T a b le  VII. F o r  P no s ig n i f ic a n t  d i f f e r e n c e s  w e re  o b s e r v e d  

b e tw e e n  th e  f iv e  c e n t i m e t e r  l a t e r a l  s e g m e n t  on the  t r e a t e d  s id e  a n d  th e  g r a f t  

un ion  s e g m e n t ,  o r  b e tw e e n  th e  g r a f t  un ion  s e g m e n t  an d  the  five  c e n t i m e te r  

l a t e r a l  s e g m e n t  on the  n o n - t r e a t e d  s id e .  H o w ev er ,  a  s ig n if ic a n t ly  h ig h e r  

v a lu e  w a s  o b s e r v e d  fo r  th e  f ive  c e n t i m e t e r  l a t e r a l  s e g m e n t  on the  t r e a t e d  

s id e  th a n  f o r  th e  c o m p a r a b le  s e g m e n t  on th e  n o n - t r e a t e d  s id e .  R a d io p h o s ­

p h o r u s  w a s  a l s o  r e c o v e r e d  in  th e  im m a tu r e  f r u i t s  o c c u r r in g  on the  s e c o n d  

l a t e r a l  of th e  n o n - t r e a t e d  p la n t s .  T h e s e  d a ta  c l e a r l y  show  th a t  p h o s p h o ru s



F ig u re  12

P h o to g ra p h  (top) an d  a u to r a d io g r a m  (bo ttom ) of an  ’’a p e x  to

a p ex "  g ra f t  union  b e tw een  a l a t e r a l  f ro m  one to m a to  p la n t  a n d  th a t  of 

45a n o th e r .  Ca w as  su p p l ie d  to th e  r o o t s  of th e  p la n t  f r o m  w h ich  the  

l a t e r a l  o r ig in a te d  on the  le f t .
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ca n  be a b s o r b e d  by th e  ro o t  s y s te m  of one p la n t ,  t r a n s p o r t e d  a c r o p e ta l ly  

th ro u g h  i t s  l a t e r a l ,  a c r o s s  a g r a f t  un ion  a n d  b a s ip e ta l ly  th ro u g h  a l a t e r a l  of 

a s e c o n d  p la n t ,  a n d  u t i l i z e d  in the  d e v e lo p m e n t  of i t s  f ru i t .  G ra f t  un ions  in -

o o
v o lv in g  r e v e r s e d  p o l a r i t y  o f f e r  l i t t l e  r e s i s t a n c e  to the  t r a n s p o r t  of P .

R a d io c a lc iu m ,  on th e  o th e r  hand, d o es  not r e a d i ly  t r a n s g r e s s  a g ra f t  

un ion  f o r m e d  by a p ic a l ly  g r a f t in g  f o r c e d  l a t e r a l s  to g e th e r .  H ighly  s ig n i f i ­

c an t  d i f f e r e n c e s  o c c u r r e d  b e tw een  the  l a t e r a l  s e g m e n t  on the  t r e a t e d  s id e  

of the  g r a f t  un ion  a n d  th e  g r a f t  union s e g m e n t  o r  th e  l a t e r a l  s e g m e n t  on the  

n o n - t r e a t e d  s id e  of th e  g r a f t  union. A l a r g e  a c c u m u la t io n  of C a^^  w as a p ­

p a r e n t  by 1 2  d a y s  on the  s id e  of the  g r a f t  union fo r m e d  by the  p la n t  su p p lied

45
the  is o to p e  a n d  in  the  g r a f t  un ion  (T ab le  VII). T h a t  Ca t r a n s p o r t  w as  not

45c o m p le te ly  b lo c k e d  is  show n in F ig u r e  12 (A u to ra d io g ra m ) .  No Ca w as 

r e c o v e r e d  in the  i m m a t u r e  f r u i t s  on th e  p la n t  not r e c e iv in g  the  iso to p e .

In a  s e c o n d  s e r i e s  th e  s te m  of one to m a to  p la n t  w as  in a r c h e d  into 

the  s te m  of a n o th e r .  In th e  d i s c u s s io n  w hich  fo llow s, the  s to ck  w ill  be 

c o n s i d e r e d  a s  th e  p la n t  b e in g  g ra f te d ,  an d  the  s c io n  a s  the  seco n d  p lan t,  

w h ich  s u p p l ie d  th e  top (sc io n ) ,  h o w ev er ,  a l s o  r e t a in e d  i ts  own ro o t  s y s te m .  

T h u s ,  p r e s u m a b l y  th e  s c io n  had  th e  b en ef it  of i t s  own r o o t s  a s  w ell a s  th o se  

of th e  s to c k  ( F ig u r e  13). T h e  i n a r c h e d  p la n ts  w e re  s e p a r a t e d  into two

4 5
g ro u p s ,  A a n d  B. G ro u p  A w as  t r e a t e d  by a d d in g  100 m i c r o c u r i e s  of Ca 

to  th e  s o i l  in w h ich  the  s to c k  p la n t  (a) w a s  g ro w in g . In g ro u p  B th e  r o o t s  of 

th e  s c io n  p la n t  (b) a b s o r b e d  the  is o to p e .  P la n ts  w e r e  h a r v e s t e d  48 h o u rs



F ig u re  13

P h o to g ra p h s  (left) an d  a u t o r a d io g r a m s  ( r ig h t)  of in a r c h e d  s t e m s  of 

to m a to  p la n t s  sho w in g  the  d i s t r ib u t io n  of ro o t  a b s o r b e d  r a d io c a lc iu m  

( C a ^ )  48 h o u r s  a f t e r  t r e a t m e n t .

(Top) R a d io c a lc iu m  a p p l ie d  to the  so i l  in w h ich  th e  s to c k  p la n t

(a) w as  g ro w in g .

(Bottom) R a d io c a lc iu m  a p p l ie d  to th e  s o i l  in w h ich  the  s c io n  p lan t

(b) w as g row ing .
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a f t e r  C a w a s  a d d e d  to th e  r e s p e c t i v e  ro o t  c u l t u r e s  a n d  a l l  l e a v e s  an d  s id e -

sh o o ts  w e r e  r e m o v e d  f ro m  th e  s t e m s .  T h e  s t e m s  w e r e  then  p r e p a r e d  fo r

a u to r a d io g r a p h y  a n d  e x p o s e d  to  K odak  X - r a y  f i lm  (Blue B rand).

A s w ith  a p ic a l ly  g r a f t e d  l a t e r a l s ,  r e s u l t s  w ith  in a r c h e d  to m a to

p la n t s  s u g g e s te d  l i t t l e  o r  no b a s ip e ta l  t r a n s p o r t  of C a 4 5  ( F ig u re  13). When 

45
Ca w a s  s u p p l ie d  to  th e  s to c k  ro o t  s y s te m  the  c a lc iu m  fo llow ed  th e  t r a n s ­

p i r a t i o n  s t r e a m  th ro u g h  the  a p p r o a c h  g r a f t  a n d  into the  sc io n . T h e r e  w as

no e v id e n c e  o f  b a s ip e t a l  t r a n s p o r t  in the  s te m  of the  s c io n  p lan t ,  (F ig u re

45
13, Top). L ik e w is e ,  w hen  Ca w as  a p p l ie d  to th e  ro o t  s y s te m  of the  s c io n  

p la n t  ( F ig u r e  13, Bottom ), the  c a lc iu m  m o v e d  up the  v a s c u l a r  s y s te m  of the  

s c io n  a n d  v e r y  l i t t l e  w as  o b s e r v e d  in the  s tock .

E x p e r im e n t  11

45T o f u r t h e r  e v a lu a te  th e  e ffe c t  of g r a f t  un ions on Ca t r a n s p o r t  and  

to s e p a r a t e  th e  e f f e c t s  of g ro w th  a n d  s c io n  o r ie n ta t io n  v ig o ro u s ly  g ro w in g  

to m a to  p la n t s  w e r e  p r e p a r e d  ( s e e  F ig u r e  14) a s  fo llow s:

(a) A tw o - in c h  s te m  s e g m e n t  c o n ta in in g  one bud w as  g ra f te d  

in th e  u p r ig h t  p o s i t io n  on th e  d e c a p i ta te d  s tem  of the  s a m e  p lan t .

(b) A tw o - in c h  s te m  s e g m e n t  c o n ta in in g  one bud w as  g ra f te d  

in an  i n v e r t e d  p o s i t io n  a s  in  (a) above .

(c) P la n ts  w e r e  d e c a p i ta te d  a t  th e  a p p ro x im a te  he igh t of



F ig u re  14

Top: P h o to g rap h  show ing  g ro w th  of s c io n s  on d e c a p i ta te d  to m a to  

p la n ts  21 d ay s  a f t e r  budding. (L eft)  bud in v e r te d ,  ( c e n te r )  bud in n o rm a l  

p o s i t io n ,  a n d  ( r ig h t)  c o n t ro l  (not budded).

Bottom: P h o to g rap h  show ing  g ro w th  of s c io n  on g r a f t e d  to m a to  

p la n t s  11 days  a f t e r  g ra f t in g .  (Left) s c io n  in v e r te d ,  ( c e n te r )  s c io n  in 

n o rm a l  p o s i t io n ,  a n d  (r ig h t)  c o n t ro l  (not g ra f te d ) .
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th e  s c io n  in  (a) a n d  (b) a b o v e .  (No g r a f t  union).

(d) A s h ie ld  w ith  one  bud w as  budded  to th e  s to c k  in the  u p ­

r ig h t  p o s i t io n  a n d  th e  s to c k  d e c a p i ta te d  above  the sh ie ld .

(e) A s h ie ld  w ith  one bud w a s  budded  in  an  in v e r t e d  p o s i t io n  

a n d  th e  s to c k  w a s  d e c a p i t a t e d  ab o v e  the  sh ie ld .

(f) P la n ts  w e r e  d e c a p i ta te d  a t  h e ig h ts  c o m p a r a b le  to  th e  b u d ­

d ed  p l a n t s  (d) a n d  (e) above .

In an  a t t e m p t  to  r e d u c e  p la n t  v a r i a b i l i t y  in  the  above  s e r i e s ,  the  sc io n  and  

s to c k  w e r e  of the  s a m e  c lo n e .

Upon c o m p le t io n  of g r a f t in g  o r  budding  the p la n ts  w e re  p la c e d  in a 

h u m id i ty  c h a m b e r  (95-100%  R. H . ) f o r  fou r  d ay s  a f t e r  w hich  th ey  w e re  g row n 

u n d e r  long  d a y s  of e a r l y  s u m m e r  w ith  f r e q u e n t  f e r t i l i z a t io n  (w eekly  a p p l i c a ­

t io n s  of 100 m l  of 1 0 -5 2 -1 7 ) .

T e r m i n a l  g ro w th  of th e  g r a f t e d  s c io n s  w e r e  r e c o r d e d  0, 11 and  24

d ay s  a f t e r  g ra f t in g .  E ig h te e n  d ay s  a f t e r  g r a f t in g  an d  21 d ay s  a f t e r  budding,

45when th e  v a r io u s  u n io n s  w e r e  w e ll  fo rm e d ,  20 m i l l i l i t e r s  of a  Ca s o lu ­

t io n  (2 . 5  u c /m l )  w a s  a p p l ie d  to the  so i l  in  w hich  e ac h  p la n t  w as  g row ing .

Two a n d  s ix  d a y s  a f t e r  th e  p l a n t s  w e r e  su p p l ie d  w ith  C a ^  th ey  w e re  h a r ­

v e s te d .  T h e  s c io n s  a n d  g r a f t  u n io n s  in g r a f t e d  p la n ts  an d  the  s c io n s  and  

bud u n io n s  in  b u d d e d  p l a n t s  w e r e  s e p a r a t e d  an d  d r i e d  in  a  f o r c e d  a i r  oven  at 

7 0 ° C. D ry  w e ig h ts  w e r e  d e t e r m i n e d  and  the  t i s s u e  a s s a y e d  fo r  r a d io c a lc iu m .
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R a d io a c t iv i ty  w a s  e x p r e s s e d  a s  c o u n ts  p e r  m in u te  p e r  g r a m  d ry  w eigh t o r  

to ta l  c o u n ts  p e r  m in u te  p e r  p la n t  p a r t .  A u to r a d io g r a m s  w e r e  p r e p a r e d  of 

s o m e  of th e  t r e a t e d  p l a n t s  a n d  a r e  i l l u s t r a t e d  in F ig u r e  15.

T e r m i n a l  g ro w th  a n d  d ry  w e ig h ts  of th e  s c io n s  a r e  r e c o r d e d  in 

T a b le  VIII. F r o m  th e s e  d a ta  it is  a p p a r e n t  th a t  the  i n v e r t e d  s c io n  w as slow  

to in i t ia te  g ro w th , a s  c o m p a r e d  to the  n o r m a l ly  g r a f t e d  sc io n  o r  the  c o n t ro l .  

T h is  m a y  in d ic a te  th a t  a lo n g e r  p e r i o d  of t im e  w as  r e q u i r e d  f o r  an  a d eq u a te  

union to  fo r m ,  o r  th a t  by in v e r s io n  s o m e  e s s e n t i a l  f a c to r  fo r  g ro w th  w as 

t e m p o r a r i l y  e x c lu d e d  f r o m  th e  sc io n .  It a p p e a r s  (T a b le  VIII, Bottom) th a t  

the  s lo w  f o r m a t i o n  of th e  union  w as  th e  c a u s a t iv e  f a c to r .  T h e  s c io n s  on 

the  n o n - in v e r t e d  g r a f t e d  a n d  c o n t r o l  p la n t s  e lo n g a te d  5. 5 to 6 . 7 c e n t i m e te r s  

in  1 1  d ay s ,  w h e r e a s  th e  in v e r t e d  s c io n  e lo n g a te d  only 0 . 6  c e n t i m e te r s .  

H o w ev er ,  f r o m  th e  11th to  the  24 th  day  bo th  s c io n s  and  c o n t ro l  t r i p p le d  

t h e i r  h e ig h ts .  T h e  r a t e  o f  g ro w th  f ro m  the  11th to  the  24th  day  of the  in v e r te d  

s c io n  a p p r o a c h e d  th a t  of th e  n o n - in v e r t e d  s c io n  a n d  c o n t ro l .  T h e r e  w e re  no 

s ig n if ic a n t  d i f f e r e n c e s  in  d r y  w eigh t o r  t e r m i n a l  g ro w th  of the  n o r m a l ly  

g r a f t e d  s c io n s  a n d  th e  c o n t r o l s  (T ab le  VIII, T op). T he  re d u c t io n s  in  d ry  

w eigh t a n d  t e r m i n a l  g ro w th  of the  i n v e r t e d  s c io n s  w e r e  h igh ly  s ig n if ic a n t  

w hen c o m p a r e d  to  th e  n o r m a l ly  g r a f t e d  o r  n o n - g r a f t e d  (co n tro l)  p la n ts .

I n v e r t in g  a  bud  d id  no t a f fe c t  th e  s c io n  g ro w th  a s  d r a s t i c a l ly  a s  in ­

v e r t i n g  th e  s c io n  ( F ig u r e  14). T h e  d ry  w e ig h t  of the  s c io n  of a n  in v e r te d



F ig u re  15

A u to r a d io g r a m s  i l l u s t r a t i n g  the  d i s t r ib u t io n  of r a d io c a lc iu m  a s

in f lu en c ed  by s c io n  o r ie n ta t io n  in budded  a n d  g r a f t e d  to m a to  p la n t s  48

45h o u rs  fo llo w in g  a p p l ic a t io n  of Ca to the  ro o t  m e d iu m .

Top: Budded p la n ts ,  ( le ft)  bud not in v e r te d ;  ( r ig h t)  bud in v e r te d .  

Bottom: G r a f t e d  p la n ts ,  ( le ft)  s c io n  not in v e r te d ;  ( r ig h t)  sc io n

in v e r te d .
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TABLE VIII

GROW TH OF SCION (T O M A T O /T O M A T O ) AS IN F L U E N C E D  BY O R IE N T A ­
T IO N  O F SCION

D ay s  A f te r T r e a t m e n t  of Scion
G r a f t in g I n v e r t e d Not I n v e r te d  C o n tro l

(Not G ra f te d )
M ean  

F o r  T im e

(G r a m s  d ry  w eigh t - m e a n s  of 6 re p l ic a t io n s )

2 0 0 . 0 2 2. 2 0 2. 42 1. 55

24 0 . 23 4. 49 5. 01 3. 24

M e a n s 0. 13 3. 35 3. 72

L. S. D. t r e a t m e n t :  1 % 0. 67

L. S. D. t im e : 1 % 0. 54

(L en g th  of t e r m ina l g ro w th  in c e n t i m e te r s )

0  ( in i t ia l  
leng th ) 1. 5 1 . 6 1 . 5 1 . 5

1 1 2 . 1 7. 1 8 . 2 5. 8

24 6 . 6 24. 2 28. 3 19. 7

M e a n s 3. 4 1 1 . 0 12. 7

L. S. D. t r e a t m e n t :  1% 2. 3

L. S. D. t im e : 1 % 1. 9
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b u d  w a s  on ly  o n e - h a l f  of th e  n o r m a l ly  b udded  s c io n  an d  o n e - t h i r d  of the  

c o n t r o l  (T a b le  IX). A s  t im e  p r o g r e s s e d  th e  g ro w th  r a t e  of th e  in v e r t e d  

buds  a p p r o a c h e d  th a t  of th e  n o r m a l ly  b udded  p la n ts  and  n o n -b u d d e d  c o n t r o l s .

A n a ly s i s  o f  the  g r a f t  u n ion  f o r  r a d io c a lc iu m  d e r iv e d  f ro m  ro o t  a b ­

s o r p t io n  s h o w e d  no s ig n i f ic a n t  d i f f e r e n c e s  a m o n g  th e  un ions  fo r m e d  by the  

i n v e r t e d  s c io n ,  n o n - in v e r t e d  s c io n  o r  a c o m p a r a b le  s e g m e n t  on the  n o n ­

g r a f t e d  p la n t  ( T a b le s  X a n d  XI). L ik e w is e ,  no d i f f e r e n c e s  o c c u r r e d  in the  

bud  un ion  of th e  b u d d ed  p l a n t s  (T a b le s  XII a n d  XIII).

L e s s  r a d io c a l c iu m  ( to ta l  cpm ) w as  r e c o v e r e d  in the  in v e r t e d  sc io n  

th a n  th e  n o r m a l l y  g r a f t e d  o r  th e  s c io n s  of th e  n o n - g r a f t e d  p la n ts  (T ab le  X); 

ye t  th e  g r a f t  u n io n s  of in v e r te d ,  n o n - in v e r t e d  and  a c o m p a r a b le  s e g m e n t  in 

the  c o n t r o l  p la n t  c o n ta in e d  abou t e q u a l  q u a n t i t ie s  of C a ^ .  T h is  w ould  i n ­

d ic a te  th a t  C a ^  is  b e in g  t r a n s p o r t e d  to, but not a s  ra p id ly ,  a c r o s s  the  

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

In o r d e r  to fu l ly  e v a lu a te  th e  in f lu en ce  of the  g r a f t  un ion  in r e l a t io n

to t r a n s p o r t ,  the  d a ta  w e r e  e x p r e s s e d  in c o u n ts  p e r  m in u te  p e r  g ra m  d ry

45w eig h t.  T h e  q u a n t i ty  of C a  ( c p m /g m  d ry  w t . )  r e c o v e r e d  in  th e  g ra f t  unions 

o r  s c io n s  d id  not d i f f e r  s ig n i f ic a n t ly  am o n g  th e  in v e r te d ,  n o n - in v e r t e d  o r  

c o n t r o l  p l a n t s  (T a b le  XI). T h i s  s u g g e s te d  th a t  the  r a t e  of g ro w th  w as  the  

d e t e r m in in g  f a c t o r  in  c a lc iu m  t r a n s p o r t  an d  not the  n a tu r e  of th e  g r a f t  union. 

P o la r i t y  of th e  t i s s u e  w as  s t i l l  an  im p o r ta n t  f a c to r  in c a lc iu m  t r a n s p o r t ,  fo r  

a s  so o n  a s  g ro w th  c o m m e n c e d  th e  p o l a r i t y  w as  r e o r i e n t e d  in th e  sc ion .
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T A B L E  IX

GROW TH OF SCION (T O M A T O /T O M A T O ) AS IN F L U E N C E D  BY ORIENTA
TIO N  OF BUD

D ay s  A f te r  I n v e r t e d  Bud N o n - In v e r te d  Bud C o n tro l  (Not Budded) 
Budding

( g r a m s  d ry  w eigh t - m e a n s  of 4 r e p l ic a t io n s )  

23 0 .7 3  1 .8 2  2 .4 4

29 1 .9 9  2 .7 0  3 .9 9

M ean  1 .3 6  2 .2 6  3 .2 2

L .S .  D. f o r  d i f f e r e n c e s  in bud o r ie n ta t io n :  5% 0 .7 5

L .S .  D. fo r  d i f f e r e n c e s  in bud o r ie n ta t io n :  1% 1 .0 4
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S i m i l a r  t r a n s p o r t  t r e n d s  w e r e  in d ic a te d  in  budded  p la n t s .  R a d io ­

c a lc iu m  r e c o v e r e d  a s  to ta l  c o u n ts  in  the  s c io n  w as  s ig n if ic a n t ly  l e s s  fo r  the  

i n v e r t e d  b u d  (T a b le  XII). H o w ev e r ,  th e  bud un io n s  d id  not d i f f e r  s ig n if ic a n t ly  

(T a b le  XII). T h e  q u a n t i ty  of C a^5  ( c p m /g m  d r y  w t . ) r e c o v e r e d  in th e  s c io n s  

a n d  bud u n io n s  o f  th e  b u d d ed  to m a to  p la n t s  is  r e c o r d e d  in  T a b le  XIII. W hen 

the  d a ta  w e r e  e x p r e s s e d  a s  c o u n ts  p e r  m in u te  p e r  g ra m  d ry  w eight, no s i g ­

n if ic a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  in th e  s c io n s  o r  bud  u n io n s .  It a p p e a r s

th a t  g ro w th  of th e  s c io n  a n d  no t th e  n a tu r e  of the  bud union is  th e  p r i m a r y

45f a c to r  in  th e  u p w a rd  t r a n s p o r t  of Ca

E x p e r im e n t  12

45In e a r l i e r  e x p e r im e n t s  it  w a s  show n th a t  C a w as  not t r a n s p o r t e d

32th ro u g h  a  g r a f t  un io n  in v o lv in g  r e v e r s e d  p o la r i ty .  C o n v e rs e ly ,  P r e a d i ly  

m o v e d  a c r o s s  s u c h  a  union . It w as  f u r th e r  o b s e r v e d  th a t  the  g ro w th  r a t e  

of th e  s c io n  w as  a  m o r e  im p o r ta n t  f a c to r  in  C a 4 5  t r a n s p o r t  than  w as  the  

n a tu r e  of th e  g r a f t  un ion . T h e  fo l low ing  e x p e r im e n t  w as  d e s ig n e d  to e v a lu a te  

th e  e f fe c t  o f  p h lo e m  p o l a r i t y  upon the  b a s ip e ta l  t r a n s p o r t  of f o l i a r  a p p l ie d  

r a d io p h o s p h o r u s  in  th e  a p p le .

In A u g u s t  of 1954, 14 u n ifo rm  M a i l in g  I a p p le  t r e e s  ( o n e - y e a r - o ld )  

w e r e  s e l e c t e d  f r o m  th e  n u r s e r y  a t  th e  U n iv e r s i ty  f a r m .  Two o n e - c e n t im e te r  

s e g m e n t s  o f  p h lo e m  (b a rk )  a p p r o x im a te ly  two to t h r e e  c e n t i m e t e r s  a p a r t
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a n d  15 c e n t i m e t e r s  ab o v e  th e  g ro u n d  le v e l  w e r e  in v e r t e d  on s e v e n  of th e  t r e e s .  

T h e  v e r t i c l e  i n c i s io n s  o f  the  p h lo e m  r in g s  w e r e  p la c e d  o p p o s i te  one  a n o th e r  

an d  h e ld  in  p l a c e  by r u b b e r  g r a f t i n g  b a n d s .  On the  s e v e n  r e m a in in g  M a i l in g  I 

t r e e s ,  two o n e - c e n t i m e t e r  p h lo e m  s e g m e n ts  w e re  r e m o v e d  an d  r e p la c e d  

w ith o u t  in v e r t in g ,  a n d  w ith  the  v e r t i c l e  in c i s io n s  o p p o s i te  one a n o th e r .

In th e  fo l lo w in g  s p r in g  the  young  t r e e s  w e re  p o t te d  an d  m o v e d  in to

the  g r e e n h o u s e .  T e r m i n a l  g ro w th  w as  r e c o r d e d .  A f te r  ten  w eeks , 100 

82m i c r o c u r i e s  of P w e r e  a p p l ie d  to a  s id e  shoot a t  a p p ro x im a te ly  c o m p a r a b le  

d i s t a n c e s  ab o v e  the  u p p e r  p h lo e m  r in g . P la n ts  w e re  h a r v e s t e d  48 h o u rs  

a f t e r  t r e a t m e n t  by r e m o v in g  a f i v e - c e n t i m e t e r  p h lo e m  se g m e n t  im m e d ia te ly  

ab o v e  th e  p h lo e m  r in g s  an d  a s e c o n d  s e g m e n t  c o n ta in in g  the  p h lo em  r in g s .

T h e  s a m p l e s  w e r e  th en  p r e p a r e d  an d  a s s a y e d  fo r  r a d io a c t iv i ty .

W ith in  two w e e k s  a f t e r  p e r f o r m i n g  the  p h lo em  o r ie n ta t io n  t r e a t ­

m e n ts ,  it w as  o b s e r v e d  th a t  m a n y  a d v e n t i t io u s  buds began  to g ro w  below  the  

p h lo e m  r in g s  in the  n u r s e r y ;  h o w e v e r ,  no s ig n if ic a n t  d i f f e r e n c e s  w e re  o b ­

s e r v e d .  In th e  g re e n h o u s e ,  the  fo l lo w in g  s p r in g ,  the  n u m b e r  of new shoo ts  

a r i s i n g  on t r e e s  b e low  th e  in v e r t e d  p h lo e m  r in g s  w as 70 p e r c e n t  g r e a t e r  

(T ab le  XIV). S i m i l a r  r e s u l t s  w e r e  d e m o n s t r a t e d  on to b acco  w ith in  fou r  

w e e k s  a f t e r  p h lo e m  o r i e n ta t io n  t r e a t m e n t s  (T ab le  XIV). T he  to ta l  new top 

g ro w th  w h ich  o c c u r r e d  on M a i l in g  I t r e e s ,  hav in g  two in v e r te d  p h lo em  

r in g s ,  w as  o n ly  50 p e r c e n t  of th a t  w hich  o c c u r r e d  on the t r e e s  not hav in g  

the  p h lo e m  i n v e r t e d  (T a b le  XV). T h i s  a g r e e s  w ith  the  w o rk  of Sax (1954)
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TA B LE XIV

NUMBER OF BUDS F O R C E D  BELOW TWO PH LOEM  RINGS ON APPLE AND 
TOBACCO PL A N T S AS A R E S U L T  OF REMOVING, INVERTING AND 

R EPL A C IN G , REM OVING AND NOT REPLA CIN G, OR R E M O V ­
ING AND R EPL A C IN G  IN T H E  NORM AL POSITION TWO

RINGS O F PH LOEM

T r e a t m e n t  of P h lo em  R in g s A pple T o b a c co

(m e a n s  of 6 r e p l ic a t io n s )

R e m o v ed ,  i n v e r t e d  an d  r e p l a c e d 7. 4 2. 4

R e m o v e d  a n d  not r e p l a c e d ----- 5. 0

R e m o v e d  a n d  r e p l a c e d  in n o r m a l  
p o s i t io n 4. 4 1 . 0

Phloem  not a l t e r e d 0. 7 ----

L .S .  D. 5% 1 . 2 1 . 5

L .S .  D. 1% 1. 7 2 . 1
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w h e r e  h e  s u g g e s t e d  th e  p o s s i b i l i t y  o f  d w a r f in g  v ig o ro u s  t r e e s  by in v e r t in g  

p h lo e m  r i n g s .  F u r t h e r m o r e ,  a  fo u r  fo ld  i n c r e a s e  in the  s iz e  o f  th e  sw e ll in g  

w as  o b s e r v e d  a b o v e  th e  u p p e r  i n v e r t e d  p h lo e m  r i n g  (T ab le  XV) c o m p a r e d  

to  n o n - i n v e r t e d  p h lo e m  r in g s .

T h e  e f f e c t  of th e  p h lo e m  r in g s  on d o w n w ard  t r a n s p o r t  of P ^  a r e  

shown in  F i g u r e  16. T h e  q u a n t i ty  of ( c p m /g m  d ry  w t . ) r e c o v e r e d  

above  th e  i n v e r t e d  p h lo e m  r in g s  w a s  g r e a t e r  th an  in a c o m p a r a b le  s e g m e n t

ab o v e  th e  n o n - i n v e r t e d  p h lo e m  r in g s .  T h i s  s u g g e s te d  th a t  b a s ip e ta l  t r a n s -

32 32p o r t  of P w a s  r e d u c e d  by in v e r t e d  p h lo e m . C o n s id e ra b le  a m o u n ts  of P

p a s s e d  th ro u g h  th e  u p p e r  s e g m e n t  o f  in v e r t e d  p h lo e m  (F ig u r e  17, Bottom),

p a r t i c u l a r l y  in  th e  r e g io n  of the  v e r t i c l e  in c is io n  w h e re  the  xy lem  an d

p h lo e m  w e r e  r e g e n e r a t e d  m o s t  r a p id ly .  T he  a u to r a d io g r a m s  ( F ig u r e  17)

32p o r t r a y  th e  d i s t r i b u t io n  of P in  on ly  one  p la n e  th ro u g h  a g iven  re g io n  of 

th e  s t e m .  If one  c lo s e ly  o b s e r v e s  the  p a t t e r n  in  w hich  th e  new  x y lem  w as  

fo r m e d ,  th e  r e g e n e r a t i o n  w hich  took p la c e  a t  th e  v e r t i c l e  in c is io n  of th e  

top p h lo e m  r i n g  fo l lo w e d  a ro u n d  to th e  o p p o s i te  s id e  of the  s te m  to the  

v e r t i c l e  i n c i s io n  of th e  lo w e r  p h lo e m  r i n g  ( s e e  p h o to g ra p h ,  F ig u r e  16, 

B ottom ). T h i s  s u g g e s te d  th e  d o w n w ard  t r a n s p o r t  of n u t r i e n t s  w as  c h a n n e le d  

th ro u g h  th e  v e r t i c l e  i n c i s io n s .  Such w ou ld  a c c o u n t  f o r  th e  a c c u m u la t io n  

o f  P ^ b e lo w  th e  s e c o n d  p h lo e m  in v e r s io n .



F ig u re  16

Top: T h e  c o m p a r a t i v e  am o u n t of f o l i a r  a p p l ie d  ra d io p h o s p h o ru s  

( c p m /g m  d ry  wt. ) r e c o v e r e d  in the  v a r io u s  p h lo e m  s e g m e n ts  in the  apple 

(EM  I). (A) F iv e  cm  s e g m e n t  im m e d ia te ly  ab o v e  th e  u p p e r  in v e rs io n ,

(B) five cm  se g m e n t  c o n ta in in g  the  in v e r t e d  r in g s ,  (C) f ive  cm  seg m en t 

im m e d ia te ly  above  the  u p p e r  n o n - in v e r t e d  p h lo em  r in g ,  an d  (D) five  cm 

se g m e n t  c o n ta in in g  n o n - in v e r t e d  r in g s .

Bottom: P h o to g rap h s  show ing  a s e g m e n t  of th e  a p p le  s tem  with 

the  p h lo em  re m o v e d  i l l u s t r a t i n g  xy lem  r e g e n e r a t io n  in v ic in i ty  of phloem  

r in g s .  (L eft)  P h loem  r in g s  w e r e  in v e r te d .  N ote: S w e ll in g  a n d  r e g e n e r a ­

tion  of xy lem  a t s i te  of v e r t i c l e  in c is io n  of i n v e r t e d  p h lo e m  r in g s .

(Right) Ph loem  r in g s  w e r e  not in v e r te d .
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S ec t io n  C

S om e F a c t o r s  A ffe c t in g  T r a n s p o r t  in th e  P h loem

T h e  l a c k  o f b a s ip e ta l  t r a n s p o r t  of c a lc iu m  in co tto n  h a s  been  a t t r i ­

b u te d  to  i t s  in a b i l i ty  to m o v e  in th e  p h lo e m  (M ason  an d  M a s k e l l  1931). 

P r e v io u s  e x p e r i m e n t s  (10, 1 1 ) on c a lc iu m  m o b i l i ty  s u g g e s te d  th e  p o s s ib le  

r o le  of p o l a r i t y  in c o n t r o l l i n g  the  t r a n s p o r t  of c a lc iu m .  Went an d  T h im a n n  

(1937) r e p o r t e d  th a t  p o l a r i t y  w as  t e m p o r a r i l y  su s p e n d e d  by low c o n c e n t r a ­

t io n s  of e t h e r  v a p o r s .  A c c o rd in g ly ,  the  fo llo w in g  e x p e r im e n t  w as  d e s ig n e d  

to a s c e r t a i n  the  r o l e  of p o l a r i t y  in c a lc iu m  t r a n s p o r t .

E x p e r im e n t  13

T h e  e f fe c t  of d i - e th y l  e t h e r  upon th e  t r a n s p o r t  of f o l i a r  ap p l ie d  

r a d io c a lc iu m  w a s  s tu d ie d .  One of the  fu lly  ex p an d e d  p r i m a r y  le a v e s  of the  

bean  p la n t  ( v a r .  B lack  V a len t in e )  w as  t r e a t e d  by ap p ly in g  fou r  m i c r o c u r i e s  

of C a 4 5  s o lu t io n  a s  a  d ro p  on th e  m id r ib .  P la n ts  w e r e  then  g ro u p e d  a s  

fo llow s:
45

(a) T h e  p r i m a r y  le a f  t r e a t e d  w ith  Ca w as  e x p o se d  
fo r  96 h o u rs  in a  500 m i l l i l i t e r  g l a s s  j a r  a t  ro o m  
t e m p e r a t u r e  to v a p o r s  f ro m  25 m i l l i l i t e r s  of e th e r  
(d i -e th y l ) .

45 ,(b) T h e  le a f  o p p o s i te  the  Ca t r e a t e d  le a f  w as  e x p o se d
to  e t h e r  a s  in  (a) above.
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(c) T h e  C a 4 ^ t r e a t e d  le a f  w as  p la c e d  in a c o m p a r a b le  
g l a s s  j a r  w ith  no e th e r .

(d) T h e  le a f  o p p o s i te  the  C a 4 "* t r e a t e d  le a f  w as  p la c e d  
in a  c o m p a r a b le  g l a s s  j a r  w ith  no e th e r .

P la n ts  w e r e  h a r v e s t e d  96 h o u r s  a f t e r  t r e a t m e n t  w ith  C a 4 ^ an d  a u to r a d io g r a m s  

p r e p a r e d .

45W hen  th e  C a  t r e a t e d  le a f  w a s  s u b je c te d  to e th e r  c o n s id e r a b le  b a s ip e ta l  

45t r a n s p o r t  o f  C a  o c c u r r e d  out of the  t r e a t e d  le a f  an d  in to  o th e r  p a r t s  of th e

45p la n t  ( F ig u r e  18). W hen th e  l e a f  o p p o s i te  the  Ca t r e a t e d  le a f  w as  s u b je c te d

45to e th e r ,  l i m i t e d  t r a n s p o r t  o c c u r r e d  w ith in  the  Ca t r e a t e d  lea f .  No b a s ip e ta l  

t r a n s p o r t  o c c u r r e d  in . he l e a v e s  o f  g ro u p s  (c) o r  (d) above .

S i m i l a r  r e s u l t s  w e r e  o b ta in e d  w ith  r a d i s h  p la n ts  (va r .  Ic ic le )  s u b je c te d  

to  t r e a t m e n t s  (a) a n d  (c) d e s c r i b e d  abo v e . W hen the  C a 4 ^ t r e a t e d  le a f  w as  e x ­

p o s e d  to  e t h e r  v a p o r s ,  c o n s id e r a b l e  b a s ip e ta l  t r a n s p o r t  o c c u r r e d .  P h o to g rap h s  

a n d  a u t o r a d i o g r a m s  ( F ig u r e  19) of c r o s s  a n d  lo n g itu d in a l  s e c t io n s  of th e  sw o llen  

h y p o co ty l  of r a d i s h  s u g g e s te d  th a t  C a 45 w as  t r a n s p o r t e d  b a s ip e ta l ly .  In t r e a t ­

m e n t  (c) w h e r e  th e  C a 45 t r e a t e d  le a f  w as  no t su b je c te d  to e th e r  v ap o r ,  no b a s i -

45p e ta l  t r a n s p o r t  o f  C a o c c u r r e d .  U n d e r  the  co n d it io n s  d e s c r ib e d  above  no 

v i s ib l e  i n ju r y  f r o m  a n e s th e t i z a t io n  o c c u r r e d  to the  t r e a t e d  p la n ts .
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E x p e r im e n t  14

T h e  a b s o r p t io n  a n d  s u b s e q u e n t  t r a n s p o r t  o f  f o l i a r  a p p l ie d  c h e la te d  

r a d io c a l c iu m  w a s  s tu d ie d  in  b e an  p l a n t s .  R a d io c a lc iu m  (408 uc) w as  ad d ed  

to te n  m i l l i l i t e r s  of a te n  p e r c e n t  so lu t io n  of d i - s o d iu m  e th y le n e d ia m in e  t e t r a ­

a c e t a t e  a n d  s a t u r a t e d  s o lu t io n s  of p i c r o l i n i c  ac id ,  2, 5 -d ic h lo ro - 3 ,  6 -d ih y d ro x y -  

p -q u in o n e ,  a n d  l - a m i n o - 2 - n a p t h o l - 4 - s u l f o n i c a c i d .  T h e  pH of the  so lu t io n s  

w as  a d ju s t e d  to 8. 0, 1 .5 ,  1 .5  an d  2. 0 r e s p e c t iv e ly  w ith  p o ta s s iu m  h y d ro x id e

o r  h y d r o c h lo r i c  a c id  a n d  a e r a t e d  fo r  24 h o u rs .  T h e  c o n t ro l  so lu t io n  c o n s i s t e d

45of 408 m i c r o c u r i e s  of C a C l 2 in ten  m i l l i l i t e r s  of d i s t i l l e d  w a te r  w ith  the  pH

a d ju s t e d  to 2. 0 w ith  h y d r o c h lo r i c  a c id .  A f te r  24 h o u rs  a o n e - m i l l i l i t e r  a liquo t

of e a c h  of th e  a b o v e  fo u r  c h e la te d  p r e p a r a t i o n s  w as  re m o v e d ,  and an e x c e s s

of 2N o x a l ic  a c i d  a d d ed . T h e  a b s e n c e  of a  p r e c ip i t a t e  (c a lc iu m  oxa la te )  ind i-

45c a t e d  c h e la t io n  of th e  Ca

T h e  c h e la te d  r a d io c a lc iu m  (0. 01 m l)  w as  a p p l ie d  to the  m id r ib  of a 

fu l ly  e x p a n d e d  p r i m a r y  l e a f  of th e  b ean  (v a r .  Bountiful). A f te r  24 h o u rs  p la n ts  

w e r e  h a r v e s t e d  a n d  s e p a r a t e d  a s  fo llow s: (a) t r e a t e d  leaf , (b) s tem  p lu s  n o n ­

t r e a t e d  leaf ,  a n d  (c) r o o t s .  O th e r  p la n t s  w e r e  p r e p a r e d  fo r  a u to ra d io g ra p h y .

P i c r o l in i c  an d  l - a m i n o - 2 - n a p t h o l - 4 - s u l f o n i c  a c id s  r e s u l t e d  in  s e v e r e

b u rn in g  of th e  t r e a t e d  le a f .  T h is  l ik e ly  r e s u l t e d  f ro m  th e  low pH r e q u i r e d  fo r

45c h e la t io n .  R a d io a c t iv e  a s s a y  of the  v a r io u s  p la n t  p a r t s  r e v e a l e d  th a t  no Ca 

w a s  t r a n s p o r t e d  out of the  t r e a t e d  le a v e s  i r r e s p e c t i v e  of c h e la t io n .  The r e s u l t s  

w e r e  s u b s t a n t i a t e d  by a u t o r a d i o g r a m s .  A ll so lu t io n s  e n t e r e d  the  le a v e s  but w e re  

t r a n s p o r t e d  o n ly  to w a r d  th e  p e r i p h e r y .

*R e c r y s t a l i z e d  d i - s o d iu m  e th y le n e d ia m in e  t e t r a a c e t a t e  w as  su p p lie d  by the  
A l r o s e  C h e m ic a l  Co. , P ro v id e n c e ,  R- I.
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V. DISCUSSION

S to c k -S c io n  I n te r r e l a t io n s h ip

W ith  th e  a d v e n t  of r a d io i s o to p e s  a n d  r e l a t e d  te c h n iq u e s  it  h a s  been

p o s s i b l e  w i th  c e r t a i n  h o r t i c u l t u r a l  p l a n t s  to s tu d y  the  r o le  of the  ro o ts to c k ,

s c io n  a n d  g r a f t  un io n  in  a b s o r p t io n  a n d  s u b se q u e n t  t r a n s p o r t  of n u t r i e n t s .

Both q u a n t i t a t iv e  a n d  v i s u a l  r e s u l t s  have  been  o b ta in e d  fo r  th e  u p w a rd  an d

d o w n w ard  t r a n s p o r t  of n u t r i e n t s .  T h e s e  s tu d ie s  have  been  c o n c e r n e d  c h ie f ly

w ith  p h o s p h o r u s  a n d  c a lc iu m ;  p h o s p h o ru s ,  b e c a u s e  of i t s  im p o r ta n c e  in  the

m e ta b o l ic  p r o c e s s e s  o f  th e  p la n t ,  an d  c a lc iu m ,  b e c a u s e  of r e s t r i c t i o n  of

g ro w th  w hen  a b s e n t .

It i s  b e l i e v e d  th a t  th e  c r i t i c a l  t im e  in  th e  g ro w th  of th e  s c io n  on any

r o o t s t o c k  i s  in  th e  s p r i n g  w hen  g ro w th  i s  r a p id  a n d  th e  m e ta b o l ic  p r o c e s s e s

of th e  p l a n t  a r e  a t  a m a x im u m .  If a t  t h i s  t im e ,  f o r  so m e  r e a s o n ,  the  r o o t -

s to c k  c a n n o t  su p p ly  th e  n e c e s s a r y  m e ta b o l i t e s ,  i t  i s  c o n c e iv a b le  th a t  sc io n  
v

g ro w th  w il l  be a f fe c te d .  F o r  th e s e  r e a s o n s  e x p e r im e n t s  r e p o r te d ,  h e re in ,

w e r e  o f  r e l a t i v e l y  s h o r t  d u r a t io n  a n d  d u r in g  p e r i o d s  of h igh m e ta b o l ic  a c t iv i ty .

It w a s  show n th a t  r o o te d  c u t t in g s  of M a i l in g  (EM) VII, IX, a n d  XVI

32h a v e  d i f f e r e n t  c a p a c i t i e s  to  a b s o r b  r a d io p h o s p h o ru s  (P ) f r o m  n u t r i e n t  s o lu ­

t io n s .  A b s o r p t io n  w a s  c lo s e ly  r e l a t e d  to th e  v ig o r  o b s e r v e d  in  th e s e  s to c k s

32u n d e r  f i e ld  c o n d i t io n s .  T h e  r e s u l t s  p r e s e n t e d  h e r e  fo r  P a b s o r p t io n  a g r e e ,
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in  p a r t ,  w i th  th o s e  of P e a r s e  (1939) f o r  n i t r o g e n  a n d  p o ta s s iu m .  P e a r s e  

sh o w e d  a  d i f f e r e n t i a l  a b s o r p t io n  o f  p o ta s s iu m  f o r  d w a rf in g  an d  v ig o ro u s  

r o o t s t o c k s  e a r l y  in  th e  s e a s o n ,  bu t a s  th e  s e a s o n  p r o g r e s s e d  th i s  d i f f e r e n c e  

d i s a p p e a r e d .  B e r ry  (1938) m e a s u r e d  th e  a b s o r p t io n  of p o ta s s iu m  b ro m id e  

a n d  c o n c lu d e d  th a t  r o o t s t o c k s  d i f f e r e d  in  t h e i r  a b s o r p t io n  c a p a c i t i e s .  He 

found  th e  g r e a t e s t  a b s o r p t io n  w ith  EM  XII, EM  II w a s  in te r m e d ia te ,  w ith  

th e  lo w e s t  v a lu e s  f o r  EM  IX. S w a r b r i c k  e t  a l  (1946) s u g g e s te d  th a t  the  

d w a r f in g  e f f e c t  m a y  be  th e  r e s u l t  of a  d i f f e r e n t ia l  r a t e  of a b s o r p t io n  o r  t r a n s -  

lo c a t io n ,  o r  a  c o m b in a t io n  of th e  tw o.

32In a  s i m i l a r  m a n n e r ,  p h lo e m  t r a n s p o r t  of f o l i a r  a p p l ie d  P in

M c I n to s h  s c io n s  on EM  VII, IX a n d  XVI an d  D e lic io u s  s e e d l in g  r o o ts to c k s

v e r y  c l o s e l y  p a r a l l e l  th e  s c io n  v ig o r  o b s e r v e d  on th e s e  s to c k s  u n d e r  f ie ld

c o n d i t io n s .  No m a r k e d  a c c u m u la t io n  o c c u r r e d  a t  th e  bud  un ions  in d ic a t in g  

32th a t  P p a s s e d  f r e e l y  th ro u g h  th e  p h lo e m  p o r t i o n  of the  g ra f t .  T h e r e  w as  

no s ig n i f i c a n t  a c c u m u la t io n  ab o v e  the  bud  u n io n s .

It a p p e a r e d  th e n  th a t  th e  s c io n  (M cIn tosh ) w as  so m eh o w  m od if ied , 

e i t h e r  th r o u g h  i t s  a b s o r p t io n  o r  t r a n s p o r t  m e c h a n is m ,  by th e  s to ck .  T h a t  

r e d u c e d  t r a n s p o r t  in  th e  s to c k  of E M  IX c a n  a c c o u n t  fo r  th e  l e s s e r  q u an ti ty  

o f  P 32 r e c o v e r e d  f r o m  th e  f o l i a r  a p p l ic a t io n  in  th e  r o o t s  i s  not te n a b le .  If 

t h i s  be th e  c a s e ,  th e n  a  m a r k e d  i n c r e a s e  of P 32 w ou ld  have  r e s u l t e d  in  th e  

s c io n .  T h e  fo r m  in  w h ich  th e  a p p l ie d  p h o s p h o ru s  w a s  t r a n s p o r t e d  h as  not b een

e s t a b l i s h e d .
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45In c o n t r a s t  to  p h o s p h o r u s ,  C a  a p p l ie d  to  a p p le  fo l iag e  fa i le d  to 

m o v e  b a s ip e t a l l y  f r o m  th e  s i t e  of a p p l ic a t io n .

In r o o t  a b s o r p t io n  s tu d ie s  of P 32 a n d  C a 43 u s in g  s c io n s  of M cIn to sh  

on E M  VII, IX a n d  XVI a n d  D e l ic io u s  s e e d l in g  ro o t s to c k s  c o n s i s te n t  d i f f e r ­

e n c e s  w e r e  o b s e r v e d .  T h e  m o s t  d w a r f in g  s to c k s  (EM  IX an d  VII) a b s o r b e d  

a n d  t r a n s p o r t e d  th e  l e a s t  q u a n t i ty  of bo th  P 32 an d  C a45 to the  s c io n s  budded

th e re o n .  V ig o ro u s  s to c k s  sh o w ed  i n c r e a s e d  a b s o r p t io n  an d  t r a n s p o r t  to  the

32 45 qos c io n  of b o th  P a n d  C a  . In g e n e r a l ,  a  q u a l i ta t iv e  c o m p a r i s o n  of the  P

45a n d  C a  r e c o v e r e d  in  th e  s c io n s  on EM  VII, IX, an d  XVI o r  D e l ic io u s  s e e d ­

l in g  w a s  c lo s e l y  r e l a t e d  to  v ig o r .

Q O
A s w ith  th e  d o w n w ard  t r a n s p o r t  of P ^ f ro m  f o l i a r  a p p lic a t io n ,  no

32 45s ig n i f ic a n t  a c c u m u la t io n  of P o r  Ca w e re  o b s e r v e d  a t  the  bud union f ro m

r o o t  a p p l i c a t io n s .  T h i s  in d ic a te d  th a t  the  bud union, p e r  se , d id  not s u b s ta n -

32t i a l l y  i n t e r f e r e  w ith  th e  u p w a rd  o r  d o w n w ard  t r a n s p o r t  of P o r  th e  u p w ard

45 32 45t r a n s p o r t  of C a . T h e  l e s s e r  q u a n t i ty  of P an d  C a r e c o v e r e d  in th e

s c io n s  on  d w a r f in g  s to c k s  c a n  th en  be a t t r i b u t e d  e i t h e r  to  r e d u c e d  a b s o r p t io n

o r  t r a n s p o r t ,  o r  a  c o m b in a t io n  of the  two. In v iew  of the  da ta  on p h loem

t r a n s p o r t  a n d  a b s o r p t io n  w ith  r o o te d  c u t t in g s ,  i t  is  h igh ly  su g g e s t iv e  th a t

32
th e  m a j o r  c o n t r ib u t in g  f a c t o r  r e s p o n s ib l e  f o r  the  l e s s e r  q u a n t i t ie s  of P 

o r  C a 45 r e c o v e r e d  in th e  M cIn to sh  s c io n s  on d w a rf in g  ro o ts to c k s  is  the  

l o w e r  a b s o r b i n g  c a p a c i ty  of the  ro o ts to c k .  T r a n s p o r t  m a y  a lso  be a  c o n t r i ­

b u t in g  f a c t o r  s in c e  the  a b s o r p t io n  an d  t r a n s p o r t  p r o c e s s e s  a r e  in te rd e p e n d e n t
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upon one  a n o th e r .  No d i s t in c t io n ,  h o w e v e r ,  w a s  m a d e  be tw een  the  two 

p r o c e s s e s .

In s tu d i e s  of f o l i a r  a b s o r p t io n  a n d  t r a n s p o r t  u s in g  d w a rf  a n d  non-
q9

d w a r f  to m a to  p l a n t s ,  th e  l e s s e r  q u a n t i ty  of P r e c o v e r e d  in the  r o o t s  o f  the  

g e n e t i c a l ly  d w a r f e d  to m a to  p la n t s  w a s  d e f in i te ly  a t t r i b u t e d  to r e d u c e d  t r a n s ­

p o r t .  D w a r f  a n d  n o n - d w a r f  p l a n t s  a b s o r b e d  a p p ro x im a te ly  eq u a l  q u a n t i t ie s

32 32of f o l i a r  a p p l i e d  P (T a b le  IV). H o w ev e r ,  m o r e  P w a s  r e c o v e r e d  in  the

to p s  (m in u s  th e  t r e a t e d  leaf)  of th e  d w a r f  th an  in  a c o m p a r a b le  s a m p le  of

th e  n o n - d w a r f  p la n t .  A c c o rd in g ly ,  l e s s  P^2 w as  r e c o v e r e d  in  the  ro o t  of

th e  d w a r f  th a n  n o n - d w a r f  to m a to  p la n t .

E f fe c t  o f  the  G r a f t  Union and  Scion O r ie n ta t io n

32 45on th e  T r a n s p o r t  of P an d  Ca

In th e  p r e c e e d i n g  s tu d ie s  w ith  c o m p a t ib le  c o m b in a t io n s  of app le

s c io n s  a n d  r o o t s to c k s ,  the  ^ r a f t  un ion  d id  not a p p e a r  to r e s t r i c t  c a lc iu m  o r
\

p h o s p h o r u s  t r a n s p o r t .  S tu d ie s  d e s ig n e d  to  m o r e  c r i t i c a l l y  e v a lu a te  the  ro le  

of th e  g r a f t  u n io n  in d ic a te d  no a p p a r e n t  r e s t r i c t i o n  of p h o s p h o ru s  t r a n s p o r t .  

C o n s id e r a b le  v a r i a t i o n ,  h o w e v e r ,  w as  e v id en t  fo llow ing  ro o t  a b s o r p t io n  of 

p ^ .  T h i s  u n d o u b te d ly  r e s u l t e d  f r o m  u n c o n tro l la b le  f a c to r s  e x i s t in g  in the  

s o i l  m e d ia ,  p a r t i c u l a r l y  p h o s p h o r u s  f ix a t io n .  A lso , i t  i s  d iff icu lt  to ob ta in  

a  c o n s ta n t  s p e c i f ic  a c t i v i ty  w hen  th e  r a d io i s o to p e  w as  ad d ed  to so il  c u l tu r e s .
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A n in v e s t ig a t io n  o f th e  a c r o p e t a l  t r a n s p o r t  of N a2 2 , P ^ ,  S ^ ,  C l ^ ,

r^Q45 lwm5 2 ' 54 u ^ 5 5 " 59 p  64 „  65 „ , 8 6  „ 89 99 1 4 0C a  , M n  , F e  , C u , Z n  , R b  , S r  , Mo , an d  Ba th ro u g h

g r a f t  u n io n s  w a s  p e r f o r m e d  by m e a n s  of a u to ra d io g ra p h y .  In no c a s e  d id  the  

g r a f t  un ion , p e r  s e , im p e d e  the  u p w a rd  t r a n s p o r t .  S im ila r ly ,  it  m a y  be a s ­

s u m e d  th a t  i t  o f f e r e d  no r e s i s t a n c e  to  th e  t r a n s p o r t  of the  n o n - r a d io a c t iv e  

e l e m e n t s .

In c o n t r a s t  to  n o r m a l ly  g r a f t e d  s c io n s ,  g r a f t  un ions  w hich  in v o lv ed

45r e v e r s e d  p o l a r i t y  s e v e r e l y  r e d u c e d  C a t r a n s p o r t  an d  to  a l e s s e r  d e g re e  

32t r a n s p o r t  o f  P . W hen f o r c e d  l a t e r a l s  of v ig o ro u s  to m a to  p la n ts  w e r e  g ra f te d

to g e th e r  t e r m i n a l l y ,  a  union  w a s  f o r m e d  in v o lv in g  the  a p e x e s  of two p la n ts .

4 5
R a d io c a lc iu m  (C a ) a p p l ie d  to  th e  r o o t s  of one of the  two p la n t s  a c c u m u la te d  

in the  g r a f t e d  l a t e r a l  of th e  t r e a t e d  p la n t .  R ad io p h o sp h o ru s  on the  o th e r  hand, 

a c c u m u la t e d  to a  l e s s e r  d e g r e e  a n d  w as  e v e n tu a l ly  d i s t r ib u te d  th ro u g h o u t both  

p l a n t s .  T h e  f a c t  th a t  c a lc iu m  is  no t m o b i le  in the  p h lo em  a s  s u g g e s te d  by 

M a s o n  a n d  M a s k e l l  (1931) m a y  a c c o u n t  f o r  the  r e d u c e d  t r a n s p o r t  a c r o s s  a 

g r a f t  un io n  in v o lv in g  r e v e r s e d  p o la r i ty .  T o  be t r a n s lo c a t e d  to an  a d ja c e n t  

p la n t  a t t a c h e d  by g ra f t in g ,  C a 45 m u s t  be t r a n s p o r t e d  b a s ip e ta l ly  th ro u g h  

e i t h e r  th e  p h lo e m  o r  x y le m . S ince  c a lc iu m  is  p r e s u m a b ly  im m o b i le  in the  

p h lo e m  a n d  l i t t l e  e v id e n c e  e x i s t s  fo r  the  d o w n w ard  t r a n s p o r t  of io n s  o r  m o r e  

c o m p le x  c o m p o u n d s  in  th e  x y le m , th e  r e s u l t s  r e p o r t e d  h e r e in  a p p e a r  c o n s is te n t .  

T h e  t e r m i n a t i o n  of th e  t r a n s p i r a t i o n  s t r e a m s  of ap ex  to ap ex  g r a f t e d  l a t e r a l s
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c a n  be  v i s u a l i z e d  a t  th e  g r a f t  un ion; t h e r e b y  e a c h  l a t e r a l  o b ta in s  i t s  c a lc iu m  

r e q u i r e m e n t  f r o m  i t s  p a r e n t  p la n t .  It i s  c l e a r l y  ev id en t  th a t  d i f f e r e n t  m e c h ­

a n i s m s  a r e  o p e r a t i v e  fo r  c a lc iu m  a n d  p h o s p h o r u s  t r a n s p o r t  u n d e r  t h e s e  c o n ­

d i t io n s .

T h e  d a ta  h e r e i n  r e p o r t e d  s u g g e s te d  th a t  p o l a r i t y  a s  a  p h y s i o - e l e c t r i c a l  

p h e n o m e n o n  m a y ,  u n d e r  c e r t a i n  c o n d i t io n s ,  g o v e r n  c a lc iu m  t r a n s p o r t .  T h i s  

w a s  f u r t h e r  s u p p o r t e d  by r e c e n t  w o rk  of L o w en h au p t  (1956), who, u s in g  

a q u a t ic  p l a n t s  (P o la m o g e to n  c r i s p u s  L . ) r e p o r t e d  th a t  c a lc iu m  m o v e d  in to  

th e  a b a x ia l  l e a f  s u r f a c e  w h en  in  c o n ta c t  w ith  th e  a q u e o u s  m e d ia  a n d  ou t of 

th e  a d a x ia l  s u r f a c e  w hen the  l a t t e r  w a s  in c o n ta c t  w ith  th e  a q u e o u s  m e d ia .  

E s s e n t i a l ly ,  th e  d i r e c t i o n  o f c a lc iu m  m o v e m e n t  u n d e r  l ig h te d  c o n d i t io n s  w as  

in to  the  lo w e r  s u r f a c e  of th e  l e a f  a n d  ou t of th e  u p p e r  s u r f a c e .  In th e  d a r k

th e  d i r e c t i o n  w a s  r e v e r s e d .

45W hen  C a  t r e a t e d  b e an  l e a v e s  w e r e  s u b je c te d  to low  c o n c e n t r a t i o n s

45of e t h e r  (d i - e th y l )  v a p o r ,  th e  f o l i a r  a p p l ie d  C a  w a s  t r a n s p o r t e d  out of th e  

t r e a t e d  le a f  a n d  to a l l  o th e r  p a r t s  of th e  p la n t  ( F ig u r e  18). S im i l a r  r e s u l t s  

o c c u r r e d  w ith  r a d i s h  ( F ig u r e  19). T h i s  m a y  h av e  r e s u l t e d  f r o m  a  t e m p o r a r y  

s u s p e n s io n  of p o l a r i t y  a s  a r e s u l t  of a n e s th e t iz a t io n ,  a s  r e p o r t e d  by ^A^ent an d  

T h im a n n  (1937). On th e  o th e r  hand, a  ch an g e  in  c e l l  m e m b r a n e  p e r m e a b i l i t y  

h a s  no t b e en  c o m p le te ly  e l im in a te d .  It w ould  a p p e a r ,  h o w ev er ,  th a t  u n d e r  

th e  c o n d i t io n s  of lo c a l i z e d  a n e s t h e s i a  only, th e  c e l l  m e m b r a n e s  in c lo s e
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p r o x i m i t y  w ou ld  be  a f f e c te d .  S ti l l ,  lo c a l  a n e s th e s i a  i s  su f f ic ie n t  p ro v id in g  
45

th e  Ca t i s s u e  i s - a n e s th e t i z e d .  It is  c o n c e iv a b le  th a t  a s  a  r e s u l t  of t r e a t ­

m e n t  w ith  e th e r ,  a t r a n s l o c a t a b l e  co m p o u n d  is  fo rm e d ,  w hich  is  c a p a b le  of 

a f f e c t in g  th e  p e r m e a b i l i t y  of th e  m e m b r a n e s  th ro u g h  w hich  it p a s s e d .  If 

th i s  be th e  c a s e ,  th en  one c o u ld  e x p la in  the  t r a n s p o r t  of f o l i a r  a p p l ie d  C a^"\ 

in th e  p r e s e n c e  of d i - e th y l  e th e r ,  on the  b a s i s  of c e l l  m e m b r a n e  p e r m e a b i l i ty .  

T h e  a u th o r  i s  not, h o w e v e r ,  a w a r e  of su ch  a com pound .

W hen  a to m a to  s c io n  is  in v e r t e d  on a s tock , the  to ta l  ro o t  a p p l ie d

45
C a t r a n s p o r t e d  to th e  s c io n  w as  l e s s  th an  in n o r m a l ly  g r a f te d  o r  n o n -g r a f t e d

p la n t s .  L i n e a r  g ro w th  a n d  d ry  w eigh t of the  in v e r te d  s c io n s  w e re  a lso  l e s s .

45If, h o w e v e r ,  the  Ca r e c o v e r e d  in th e  in v e r te d  s c io n  is  e x p r e s s e d  a s  p e r

u n it  of d r y  w e ig h t  ( c p m /g m  d ry  w t . )  th e n  no d i f f e r e n c e s  w e re  o b se rv e d .

T h i s  s u g g e s te d  th a t  the  r a t e  of g ro w th  of the  s c io n  w as  the  fa c to r  d e te r m in in g

c a lc iu m  t r a n s p o r t  a n d  no t th e  n a tu r e  of the  g r a f t  union. T h e r e  w as  no m a r k e d

45
a c c u m u la t io n  a t  o r  be low  the  u n io n s .  T h e  fa c t  th a t  Ca t r a n s g r e s s e d  the 

un ion  f o r m e d  by an  i n v e r t e d  s c io n  does  not m a k e  the  p o la r i ty  h y p o th e s is  u n ­

te n a b le .  A lo n g e r  t im e  w a s  r e q u i r e d  f o r  the  g ra f t  union to fo rm  be tw een  the  

i n v e r t e d  s c io n  a n d  the  s to ck ,  but once  i t  w a s  e s t a b l i s h e d  an d  g ro w th  of the  

s c io n  c o m m e n c e d ,  the  g ro w th  r a t e  a p p ro a c h e d  tha t  of the  n o rm a l ly  g ra f te d  

p la n t .  T h i s  s u g g e s te d  th a t  the  p o la r i t y  of the  in v e r t e d  sc io n  w as  r e - e s t a b ­

l i s h e d  a s  th e  new  p a th w a y s  of t r a n s p o r t  w e r e  e s ta b l i s h e d .  C o n v e rse ly ,  when
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tw o l a t e r a l s  w e r e  g r a f t e d  to g e th e r  t e r m in a l ly ,  t h e r e  w as  no n e ed  fo r  r e - e s t a b -  

l i s h m e n t  o f  th e  t r a n s p o r t  p a th w a y s .  Z i m m e r m a n  an d  C o n n a rd  (1934) su g g e s te d  

th a t  e l a b o r a t e d  fo o d s ,  a s  w e ll  a s  s a l t s ,  m o v e d  u p w a rd  a n d  d o w n w ard  th ro u g h  

s t e m s .  T h e y  c o n c lu d e d  th a t  l iv in g  c e l l s  ta k e  a n  a c t iv e  p a r t  in  t r a n s lo c a t io n ,  

a n d  th a t  p r o t o p l a s m i c  s t r e a m i n g  sh o u ld  have  the  s a m e  e ffec t  w h e th e r  the  

d i r e c t io n  be b a c k w a r d  o r  fo r w a r d .  T h is ,  h o w e v er ,  w as  not the  c a s e  a s  

h e r e i n  r e p o r t e d  f o r  c a lc iu m .

T h e  o r i e n t a t i o n  of th e  p h lo e m  h a s  a  p ro n o u n c e d  e ffec t  upon the  dow n­

w a r d  t r a n s p o r t  of m e ta b o l ic  p r o d u c t s  in the  ap p le .  Sax (1954) s u g g e s te d  th a t  

by in v e r t i n g  r i n g s  o f  p h lo e m  th e  t r e e  c a n  be d w arfed ,  p r e s u m a b ly  by p r e ­

v e n t in g  th e  m o v e m e n t  of n u t r i e n t s  an d  a u x in s  th ro u g h  the  in v e r te d  ph loem  

c e l l s .  Sax  (1954) a n d  Sax a n d  D ic k so n  (1956) a t t r ib u te d  th is  to p h lo em  p o l a r ­

i ty .  H o w e v e r ,  no q u a n t i ta t iv e  d a ta  w e re  p r e s e n te d .  In the  p r e s e n t  e x p e r i ­

m e n t s ,  th e  g ro w th  of the  top w as  d e f in i te ly  r e s t r i c t e d  a s  a  r e s u l t  of in v e r t in g  

two o n e - c e n t i m e t e r  p h lo e m  r in g s  (T ab le  XIV). T h a t  the  in v e r t e d  p h lo em  

r i n g s  i n t e r f e r e d  w ith  au x in  t r a n s p o r t  c a n  be a s s u m e d  a s  a r e s u l t  of the  g ro w th  

of th e  la te n t  b u d s  be low  the  r i n g s .  One y e a r  a f t e r  r in g in g  a d v e n t i t io u s  buds 

c o n t in u e d  to  b r e a k  on  th o s e  t r e e s  w ith  in v e r t e d  p h lo em  r in g s .  T h is  m ay  

h av e  r e s u l t e d  f r o m  th e  in a b i l i ty  of aux in , w h ich  te n d s  to s u p p r e s s  l a t e r a l  

bud  d e v e lo p m e n t ,  to  p a s s  a c r o s s  th e  i n v e r t e d  p h lo e m  r in g s .

M o r e  f o l i a r  a p p l ie d  a c c u m u la te d  above  the  in v e r te d  than  above
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t h e  n o n - i n v e r t e d  p h lo e m  r in g s .  T h e  n a tu r e  of th e  a c c u m u la t io n  p r o d u c t

w a s  no t  d e t e r m i n e d .  D ic k so n  a n d  S a m u e ls  (1956) r e p o r t e d  s i m i l a r  r e s u l t s

on  a  s in g le  t r e e ,  a n d  c o n c lu d e d  th a t  th e  d w a r f in g  r e s p o n s e  o b s e r v e d  m a y

h a v e  r e s u l t e d  f r o m  in p e d e d  t r a n s p o r t  o f  o r g a n ic  n u t r i e n t s .  T h e  a s s u m p t io n  

32b e in g  th a t  P w a s  t r a n s l o c a t e d  in  a n  o r g a n ic  f o r m .  T o l b e r t  a n d  W iebe  

(1955) h a v e  i s o l a t e d  t h r e e  t r a n s l o c a t i o n  f o r m s  o f p h o s p h a te  c o m p o u n d s  ( in ­

o r g a n ic  p h o s p h a te  a n d  tw o unknow n p r o d u c t s )  in  x y le m  sap  o f b a r l e y .  M o r e  

r e c e n t l y  M aize l_ e t_ a l  (1956) h a s  c h a r a c t e r i z e d  one  of th e  unk n o w n s  a s  p h o s -  

p f io y r l  c h o l in e .

F r o m  th e  d a ta  p r e s e n t e d  h e r e in ,  i t  i s  n o t p o s s i b l e  to  a t t r i b u t e  th e  

d w a r f in g  e f f e c t  o f  th e  s to c k  on th e  s c io n  to ta l ly  to  d i f f e r e n c e s  in  th e  n u t r i ­

t io n a l  c a p a c i t i e s  of th e  s to c k .  T r a n s p o r t  i s  im p o r ta n t ,  bu t h a s  no t b e e n  

fu l ly  e v a lu a te d .  T h e  d i f f e r e n c e s  o b s e r v e d  in  t h e s e  two p r o c e s s e s  m a y  on ly  

be  m a n i f e s t a t i o n s  o f s o m e  o th e r  f a c t o r  (s) m o r e  d i r e c t l y  c o n c e r n e d  but 

unknow n to  th e  i n v e s t i g a t o r .  A b e t t e r  u n d e r s t a n d in g  of th e  m e ta b o l i c  p r o ­

c e s s e s  o f th e  s to c k  a n d  s c io n  a r e  r e q u i r e d  to  m o r e  fu lly  u n d e r s t a n d  a n d  

e v a lu a te  th e  s t o c k - s c i o n  i n t e r r e l a t i o n s h i p s .  T h e s e  a i m s  m a y  be  a c h ie v e d  

by  a n  e v a lu a t io n  of th e  m e ta b o l i c  a c t i v i t i e s  (e n z y m e  a n d  r e s p i r a t i o n )  of th e  

s to c k  a n d  s c io n  a n d  a u x in  r e l a t i o n s h i p s .  A c r i t i c a l  s tudy  of th e  r a t e  of 

n u t r i e n t  t r a n s p o r t ,  e s p e c i a l l y  P 32, a c r o s s  g r a f t  u n io n s  w ou ld  a l s o  be in -  

f o r m a t i v e .
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VI. SUM MARY

T h e  e f f e c t  of th e  g r a f t  un ion  a n d  s to c k - s c io n  i n t e r r e l a t i o n s h ip s ,  in 

c e r t a i n  h o r t i c u l t u r a l  p la n t s ,  on f o l i a r  an d  ro o t  a b s o r p t io n  and  d is t r ib u t io n  of 

n u t r i e n t s  w a s  s tu d ie d  w ith  the  a id  of r a d io a c t i v e  i s o to p e s  and  a u to ra d io g ra p h y .

T h e  q u a n t i ty  of ro o t  a b s o r b e d  r a d io p h o s p h o ru s  ( c p m /g m  d ry  w t /m g  

ro o t)  r e c o v e r e d  in th e  to p s  of E a s t  M a i l in g  (EM) IX, VII an d  XVI ro o te d  c u t ­

t in g s  c lo s e ly  fo l lo w ed  s c io n  v ig o r  on th e s e  s to c k s  o b s e r v e d  in th e  f ie ld .

T o p s  of EM  XVI c o n ta in e d  tw ic e  a s  m u ch  P a s  EM IX, EM VII w as  i n t e r ­

m e d ia te .

32I r r e s p e c t i v e  of fo l ia r  o r  ro o t  a p p l ic a t io n  of P the  m o s t  d w arf in g

r o o t s t o c k  (EM  IX) a b s o r b e d  th e  l e a s t ,  EM  VII in te r m e d ia te ,  and  EM XVI

32
o r  D e l ic io u s  s e e d l in g  th e  l a r g e s t  q u an ti ty  of P

32 45In no c a s e  w e r e  s ig n if ic a n t  d i f f e r e n c e s  of P o r  Ca c o n c e n t ra t io n  

o b s e r v e d  in th e  bud u n ions  f o r m e d  by M cIn to sh  on EM VII, IX an d  XVI and  

D e l ic io u s  s e e d l in g  r o o t s to c k s .

No d i f f e r e n c e s  w e r e  o b s e r v e d  be tw een  g e n e t ic a l ly  d w a rfe d  (Mac

A r th u r  741) a n d  n o n - d w a r f  (S to k esd a le )  to m a to  p la n t s  in t h e i r  a b i l i ty  to a b s o r b

32  32f o l i a r  a p p l ie d  P . S ig n i f ic a n t ly  l e s s  P w as  t r a n s p o r t e d  to the  r o o ts  of the

d w a r f  th a n  th e  n o n - d w a r f  p la n t .

T o m a to  p l a n t s  c h e m ic a l ly  d w a r fe d  with m a le ic  h y d ra z id e  a b s o r b e d  

l e s s  f o l i a r  a p p l ie d  P 32 , but no d i f f e r e n c e s  in t r a n s p o r t  w e re  o b s e r v e d  w ith in
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24 h o u r s  a f t e r  t r e a t m e n t  w ith  P ^ .

T h e r e  w e r e  no s ig n i f ic a n t  d i f f e r e n c e s  in  th e  so i l  a p p l ie d  P 32 r e c o v e r e d

in  th e  to p s  of g r a f t e d  o r  n o n - g r a f t e d  to m a to  p la n t s .  F u r t h e r m o r e ,  t h e r e  w a s

32no in d ic a t io n  th a t  P a c c u m u la t e d  a t  th e  g r a f t  union, o r  th a t  th e  union i t s e l f

i n t e r f e r e d  w ith  th e  u p w a r d  t r a n s p o r t  of p h o s p h o r u s .  L ik ew ise ,  no m a r k e d

n , 22 35 36 45 5 2 -5 4  5 5 -59a c c u m u la t io n  of r o o t  a b s o r b e d  Na , S , C l , Ca , Mn , F e

„  64 r—7 65 r j . 8 6  89 _ 99 140Cu , Z n  , R b  , S r  , Mo , a n d  Ba w as  o b s e r v e d  a t  o r  be low  the  

g r a f t  u n io n  in  to m a to  p la n t s .

In  a p p le ,  C l a r k ' s  d w a r f  i n t e r s t e m  p ie c e s  o f f e r e d  no r e s i s t a n c e  to

45th e  u p w a rd  t r a n s p o r t  of Ca a p p l ie d  to  the  ro o t  m e d ia  w ith in  24 h o u rs  a f t e r  

t r e a t m e n t .

W hen  tw o o n e - c e n t i m e t e r  p h lo e m  s e g m e n ts  w e r e  in v e r t e d  on one-

32y e a r - o l d  M a i l in g  I a p p le  t r e e s ,  f o l i a r  a p p l ie d  P a c c u m u la te d  above  the  

p h lo e m  in v e r s io n s ,  w ith  l e s s e r  a m o u n ts  ab o v e  the  n o n - in v e r t e d  p h lo em  r in g s .  

S w e l l in g s  ab o v e  the  in v e r t e d  p h lo e m  r in g s  an d  r e d u c e d  g ro w th  of the  to p s  

w e r e  e v id e n t .  A p p r o x im a te ly  60 p e r c e n t  m o r e  a d v e n t i t io u s  buds  b ro k e  on 

t r e e s  w ith  p h lo e m  i n v e r s i o n s  th an  on th o se  not hav in g  in v e r t e d  p h lo e m  r in g s .  

G r a f t  u n io n s  f o r m e d  by a p ic a l ly  g r a f t in g  to g e th e r  f o r c e d  l a t e r a l s

o f  v ig o r o u s ly  g ro w in g  to m a to  p la n t s  s ig n if ic a n t ly  r e d u c e d  the  t r a n s p o r t  of

32 45P a n d  a l m o s t  c o m p le te ly  b lo c k e d  th e  t r a n s p o r t  of Ca

W ith  to m a to ,  s c io n s  g r a f t e d  in an  in v e r t e d  p o s i t io n  g re w  l e s s  in
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t e r m s  of d r y  w e ig h t  a n d  t e r m i n a l  g ro w th .  A lso , l e s s  r a d io c a l c iu m  w a s  r e ­

c o v e r e d  in  th e  i n v e r t e d  s c io n s  th an  on n o r m a l ly  g r a f t e d  s c io n s  o r  on a c o m ­

p a r a b l e  s e g m e n t  on a  n o n - g r a f t e d  p la n t .  H o w ev e r ,  w hen  e x p r e s s e d  on  a  d ry

w e ig h t  b a s i s  t h e r e  w e r e  no s ig n i f ic a n t  d i f f e r e n c e s  in  th e  a m o u n ts  of r o o t  a b -  

45s o r b e d  C a  r e c o v e r e d  in  th e  s c io n s .

45Bean a n d  r a d i s h  l e a v e s  t r e a t e d  w ith  C a  a n d  s u b s e q u e n t ly  a n e s t h e t i z e d

45w ith  d i - e th y l  e t h e r  t r a n s p o r t e d  c o n s i d e r a b l e  q u a n t i t i e s  o f  C a  f r o m  th e  s i t e

of a p p l ic a t io n  to  a l l  o t h e r  p a r t s  of th e  p la n t .

45C h e la t io n  of C a  by  d i - s o d iu m  e th y le n e  d ia m in e  t e t r a a c e t a t e ,  p i c -

r o l in ic  a c id ,  2, 5 - d i c h l o r o - 3 ,  6 - d ih y d r o x y - p - q u in o n e ,  a n d  1 - a m i n o - 2 -n a p th o l -

454 - su lfo n ic  a c i d  d id  no t f a v o r  th e  b a s ip e t a l  t r a n s p o r t  o f  C a  . T h e  c h e l a t e d  

c a lc iu m  w a s  a b s o r b e d  by th e  le a f ,  bu t t r a n s p o r t e d  o n ly  t o w a r d  th e  p e r i p h e r y .
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A c r o p e t a l  

B a s ip e ta l  

C a r r i e r  f r e e

C lone

In a rc h

In te r s t e m

L. S. D.

M ic r o c u r i e
(uc)

R o o t-p ie c e

R o o ts to c k

Scion

S c ion  e f f e c t  

S t e m - p ie c e  

S tion

S to ck  e f fe c t  

T  B udding

VII. GLOSSARY

In th e  d ire c tio n  fro m  the  tra n s i t io n  zone to w ard  th e  s tem  
o r  ro o t apex .

In th e  d ire c tio n  fro m  the  shoot o r  ro o t ap ex  to w a rd  the 
t r a n s i t io n  zone.

A r a d io i s o to p e  i s  s a i d  to  be c a r r i e r  f r e e  i f  i t  c o n ta in s  o n ly  
r a d i o a c t i v e  a to m s  o f th e  e l e m e n t .  H o w e v e r ,  th i s  id e a l  i s  
u s u a l l y  on ly  a p p r o a c h e d  a n d  " c a r r i e r  f r e e "  i s  u s e d  in th i s  
t e x t  to  m e a n  no c a r r i e r  a d d e d .

A g ro u p  of in d iv id u a l s  p r o d u c e d  f r o m  a  s in g le  o r ig i n a l  i n ­
d iv id u a l  by a s e x u a l  m e a n s .

I n a r c h in g  i s  a  p r o c e s s  of g r a f t i n g  in  w h ic h  th e  s c io n  u n i t e s  
w i th  th e  s to c k  w h ile  i t  is  s t i l l  a t t a c h e d  to  th e  p a r e n t  p la n t .

A s te m  w h ich  i s  u s e d  to s e p a r a t e  a n d  c o n n e c t  a  r o o t s t o c k  
a n d  a  b u d d ed  o r  g r a f t e d  top, y e t  d i f f e r e n t  f r o m  bo th .

L e a s t  s ig n i f ic a n t  d i f f e r e n c e .

4A u n it  of m e a s u r e m e n t  of r a d io a c t i v i t y  e q u a l in g  3. 7 x  10 
d i s i n t e g r a t i o n s  p e r  s e c o n d .

A r o o t  w h en  u s e d  a s  a  s to c k .  T h e  s c io n  i s  g r a f t e d  d i r e c t l y  
to  a  ro o t .

A p l a n t  u s e d  a s  th e  ro o t  f o r  a g r a f t e d  o r  b u d d ed  p la n t .

A p la n t  u s e d  a s  th e  top  f o r  a  g r a f t e d  o r  b u d d ed  p la n t .

A m o d i f ic a t io n  of th e  r o o t s t o c k  c h a r a c t e r  in d u c e d  by  th e  s c io n .  

See i n t e r s t e m  ab o v e .

T e r m  u s e d  to  d e s ig n a te  th e  new  in d iv id u a l  f o r m e d  by g r a f t i n g  
o r  b u d d in g  a s c io n  to  th e  s to c k .

A m o d i f ic a t io n  of th e  s c io n  c h a r a c t e r  in d u c ed  by th e  r o o t s to c k .

M e th o d  o f b u d d in g  d e r iv in g  i t s  n a m e  b e c a u s e  th e  tw o c u ts  m a d e  
on th e  s to c k  i n t e r s e c t  so a s  to fo r m  a  " T " .
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