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The e f f e c t s  of eXOgenbu5 a p p l i c a t i o n s  o f  hormones on  t r a n s l o c a t i o n  of 
# 

r a d i o a c t i v e  s u g a r s  were s t u d i e d  i n  i n t a c t  p l a n t s  of Phaseo lus  v u l g a r i s  L. 

I n d o l e a c e t i c  a c i d  (MA) f a c i l i t a t e d  t h e  uptake  of  l a b e l l e d  s u g a r s  i n  t h e  fed  

l e a f  and promoted b a s i p e t a l  t r a n s p o r t  o f  t h e  l a b e l  i n  t h e  p e t i o l e  and stem. @ 

Acrope ta l  t r a n s p o r t  o f  t h e  l a b e l ,  i n  c o n t r a s t , . w a s  u n a f f e c t e d .  The s i t e  of 

hormone a p p l i c a t i o n  had a  marked e f f e c t  on t h e  up take  and subsequel% b a s i p e t a l  
s 

t r a n s p o r t  of t h e  l a b e l .  Higher c o n c e n t r a t i o n s  of t h e  hormone (1000 ppm r a t h e r  

than  1SO ppm) and l o n g e r  d u r a t i o n s  o f  t r ea tmen t  (96 h  v s .  72 h)  had a f u r t h e r  

promotive e f f e c t .  The a d d i t i o n  of g i b b e r e l l i c  a c i d  (GA ) d i d  ' n o t  have any 
3 

enhancement e f f e c t  on b a s i p e t a l  t r a n s p o r t  hut  f a c i l i t a t e d  t h e  uptake of t h e  

l a b e l ,  presumably by c r e a t i o n  o f  a  "sink". The s y n t h e t i c  a u x i n ,  2,4- 

d ich lo rophenoxyace t i c  a c i d  (2 .4-D)  had no promotive e f f e c t  on b a s i p e t a l  t r a n s -  

p o r t .  A p p l i c a t i o n  o f  2 ,  3, 5 - t r i i o d o b e n z o i c  a c i d  (TIBA) dec reased  t h e  
a t 

b a s i p e t a l  t r a n s p o r t  o f  s u g a r s  and t h i s  e f f e c t  was p a r t l y  overcome by a p p l i c a -  

t i o n  o f  I A A  fo l lowing  TIBA a  a t i o n .  T I M ,  however, d i d  n o t  t o a l l y  i n h i b i t  

1 
t h e  b a s i p e t a l  t r a n s p o r t  of  - IM. Data on t r a n s l o c a t i o n  t o  s i n k  a r e a s  

and mature c i s s u e s  a r e  a l s o  p r e s e n t e d .  In  a l l  t h e s e  exper iments  o n l y  a  smal l  

a-unt of t h e  f ed  l a b e l  was a c t u a l l y  t r a n s l o c a t e d ,  t h e  h i g h e s t  v a l u e s  f o r  

t r a n s l o c a t i o n  be ing  ob ta ined  when I A A  was a p p l i e d  f o r  48 o r  more h  a t  t h e  

s i t e  o f  subsequent  f e e d i n g  o f  l a b e l l e d  sugar .  For h i g h l y  co lo red  l e a f  samples,  

a  change 'from t h e  normal e t h a n o l  e x t r a c t i o n  t o  NCS s o l u b i l i z a t i o n ' o f  e t h a n o l  

e x t r a c t s  r e v e a l e d  t h a t  a good d e a l  of l a b e l  was not  a v a i l a b l e  f o r  coun t ing .  
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l i a s o n  of theory  Bnd p r a c t i c e  i n  t h e  i n e e s  tiga t i o n  of 

B o t a n i c a l  f i e l d s  of  s tudy,  I hold D r .  L.N. S r i v a s t a v a  i n  g r e a t  esteem. 
n, 

The co-ordinated e f f o r t s  of Dorothy S t o t e s b u r y  and Dave Korely of t h e  

Radioisotope Laboratory  a t  ~ i m &  F r z s e r  C n i v e r s i t y  and t h e  u n f a i l i n g  prac-  

t i c a l  a s s i s t a n c e  of 3r. G.R. L i s t e r  throughout t h e  term of t h e  invest- igat ion 

is recognized w i t h  g r a t i t u d e .  

Apprec ia t ion  is extended t o  D r .  H.S. Pepin  of t h e  Vancouver Research 

S t a t i o n  of t h e  Canada Department o f  A g r i c u l t u r e  f o r  encouragement throughout 

t h e  d i f f i c u l t  p e r i o d  of d a t a  a n a l y s i s  and t h e s i s  composit ion.  I am a l s o  

g r e a t l y  indebted t o  D r .  Br ian  F r a s e r  and Mr. B i l l  Ronald f o r  t h e i r  capab le  

t u t e l a g e  i n  computer a n a l y s e s  and s t a t i s t i c a l  t e s t i n g  methods. 
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I n t r o d u c t i o n  \ 

T r a n s l o c a t i o n  of p h o t o a s s i m i l a  tes is  a complex phenomenon i n v o l v i n g  a t  

l e a s t  t h r e e  s i fes .  I n  a Green l e a f  p h o t o s y n t h e s i s  i s  c a r r i e d  o u t  i n  tile 

c h l o r o p l a s t - c o n t a i n i n g  mesophyll  c e l l s .  Phloen s t r a n d s  end more o r  less 
-? il 

b l i n d l y  among t h e  mesophyll  c e l l s  and,  cons rquen t ly ,  among t h e  f i r s t  p r o c e s s e s  
a' 

is t h e  l o a d i n g  of p h o t o a s s i m i l a t e  f r o h  t h e  mesophyll and i n t e r v e n i n g  parenchyma , - 
d 

c e l l s  i n t o  t h e  s i e v e  e l e n e n t s .  The p h o t o a s s i m i l a t e  then  moves t o  the.  o t h e r  
/ 

- 
p l a n t  t i s s u e s  i n c l u d i n g  r o o t s  and growing m e r i s t e n s l  T h i s  movement, t h e  

long d i s t a n c e  t r a n s p o r t ,  i s  be l i eved  t o  occur  i n  t h e  l o n g i t u d i n a l  f i l e s  of 

s i e v e  e lements ,  P e r i o d i c a l l y ,  ' f rom t h e  l o n g i t u d i n a l l y  moving s t ream,  t h e  

p h o t o a s s i m i l a t e  i s  unloadTed v i a  parenchyna c e l l s  and moved t o  me tabo l i c  s i n k s  

where i t  is  u t i l i z e d .  I t  is g e n e r a l l y  a g r e e d . t h a t  t h e  i n t e r c e l l u l a r  t r a n s f e r  

of ass i r n i  l a t e  between parenchyma c e l l s  and the  phenomena of l o a d i n g  and un- 

l o a d i n g  a r e  enerr,y-reqttirinl;  p r o c e s s e s .  The nechsnism of' l ong-d i s t ance  t r ans -  

p o r t  i n  t h e  s i e v e  e lements ,  i n  c o n t r a s t ,  is a h i g h l y  c o n t r o v ~ r s i a l  t o p i c .  
B 

i n t e n s i v e  r e s e a r c h  on t h e  s t r u c t u r e  of s i e v e  e l e n e n t s ,  c o n s t i t u t i o n  of 

t h e  s i e v e  t u b e  s a p ,  and measurement of r a t e s  and v e l o c i t i e s  of t r a n s p o r t  

under  d i f  f e r e n t  c o n d i t i o n s  t h e r e  is no concensus a t  t h e  p r e s e n t  t i m e  on t h e  

exact mechanism of long d i s t a n c e  t r a n s p o r t  ( s e e  reviews by Canny, 1963, 1971; 
C 

C r a f t s  and C r i s p ,  197 1; Lsau, 1969; Esau, C u r r i e r  'and Chcadle,  1957; ?2tcRobbie, 

1971; Weatherley and Johnson, 19 . Z i m r m a n n ,  1960). 

P l a n t  hormones such a s  aux ins ,  g i b b e r e l l i n s  and c y t o k i n i n s  are known t o  

a f f e c t  v a r i o u s  p r o c e s s e s  of growth and development (Clc land,  1961; Goldsniith, 

1969; Kende, 1971 and Th imnn ,  1972). They a r e  a l s o  known t o  a f f e c t  the  

t rans locrr  t i o n  of photonss  i m i l a t c s  though t h i s  c f  f  e c t  is much less i n v e s t  isrr ted.  

~luch of t h e  work on t r a n s l o c n t i o n . o f  I~ornones  and the  e f f e c t  of hormones on p% , 
t h e  t r a n s l o c a t i o n  of p h o t o a s s i n i l n  s j h a s  been done on i s o l a t e d  segments o f  9 



s t e n s  or  p e t i o l e s  bu t  these  s t u d i e s ,  whi le  y i e l d i n g  va luab le  d a t a  on veloci-  - k 

P 
t i e s  and p o l a r i t y  of t r anspo r t ,  do n o t  provide informat ion p e r t i n e n t  t o  i n t a c t  

p l a n t s .  Accordingly, i n  t h i s  t h e s i s ,  an a t tempt  is made t o  st he e f f e c t  
? f , P  

of s e l e c t e d  hormones on t r ans loca t ion  o f  r a d i o a c t i v e  suga r s  i n  i n t a c t  bean 

p l a n t s .  The d a t a  presented i n  t h i s  t h e s i s  i n d i c a t e  t h a t  a n  auxin,  indole- ? - J 
p c o t i c  a c i d  ( IAA)  enhances t he  b a s i p e t a l  t r anspo r t  of l a b e l l e d  sugars  and a l s o  

a f f e c t s  the  p r o f i l e  of d i s t r i b u t i o n  of the  l a b e l  i n  va r ious  p a r t s  of t he  

p lan t .  The d a t a  a l s o  i n d i c a t e  t h a t  among the  hormones t e s t e d  t h i s  e f f e c t  i s  

s p e c i f i c  f o r  IAA and t h a t  t h e r e  is a cl&e p a r a l l e l i s n  between the  movement 

of IAA i t s e l f  and the  t r a n s l o c a t i o n  of l abe l l ed  sugars .  

L i t e r a t u r e ,  review 

I n  t he  following teview some of the  i c ~ p o r t a n t  informat ion on t h e  cons t i -  

t u t i o n  of the  sieve-tube s a p  and k i n e t i c s  of t r a n s p o r t  are s u n a r i z e d  f o r  

background information.  The t r a n s l o c a t i o n  of hormones .and the  e f f e c t s  of 

47- 

hormones on t r a n s l o c a t i o n  of a s s i m i l a t e s  a r e  reviewed i n  d e t a i l .  

Comos i t i on  of the  s i e v e  tube saD 

The a n a l y s i s  of sieve-tube s ap  i n  Ilizher p l a n t s ,  obtairied by tapping the  

L bark nea r  t he  base of the  s t e m  (Zimermann, 1964) o r  by aphid s ty lk t  method 

( N i t t  l e r ,  l953), has c o n s i s t e n t l y  shown t h a t  the  p r i n c i p a l  sugar  t r ans loca t ed  

. i n  t h e  major i ty  of h igher  p l a n t s  i s  sucrose  which may occur i n  concent ra t ions  

a s  high a s  20: w/v. -2imermann (1960) a l s o  noted small m o u n t s  of r a f f i n o s e  

and  r e l a t e d  sugars  i n  t he  sieve-tube sap  of var ious  trees, b u t  repor ted  t h a t  

hexoses and sugar phosphates were absent .  Amino acids (10-100 &I) as w e l l  

a s  v a r i o u s  ca t i ons ,  20-S5 d-t K+, 2.3-23 m! 1-ig++, 0.06-0.3 mM Na+ and 0.25- 



0.5 1111" C a t t ,  a r e  p r e s e n t  (IlacXobEie, 197 1)  . ?.fore recent ly" ,  s e v e r a l  phosphory- 

l a t e d  p roduc t s  i n c l u d i n g  ATP have been shown ti~g. be f o r w d  by i 
w-- 

t lw s i eve - tube  exuda te  w i t 1 1  33P ( ~ l e c k e r  e t  a l ,  1371; iio a d  P e  

d 
e t  a l ,  1969, and Z i e g l e r ,  1956: s e e  a l s o  Schmitz and ~ r i v a s t a v a ,  1974). 

The f o r n a t i o n  of t h e s e  p roduc t s  i n d i c a t e s  the  p resence  of s e v e r a l  enzyces i n  
- 

t h e  s i e v e - t u b e  sap .  G i l d e r  and Cronshaw (1973) have s h a m  c y t o c h e n i c a l l y  the  

p resence  of ATPase on v a r i o u s  membranes i n  t h e  s i eve - tubes  of Cucitrbita.  

These and v a r i o u s  & h e r  s t u d i e s  i n d i c a t e  t h a t  whereas s u c r o s c  is  t h e  p r i n c i -  

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

i n c l u d i n g  enzylnes rnay he t r a n s l o c a t e d  and s t i l l  o t h e r  enzymes m y  occur  bound 

t o  membranes i n  t h e  si-eve tubes .  

Ra tes  and V e l o c i t i e s  of T r a n s l o c a t i o n  

Table  I r e p r e s c n t s  d a t a  c o i ~ i l e d  by Canny ( i 5 G O )  f o r  t h e  s p e c i f i c  nass 

t r a n s f e r  and t r a n s p o r t  v e l o c i t i e s  of l a b e l l e d  coxpounds i n  v a r i o u s  p l a n t s .  

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

h igh v e l o c i t i e s .  Var ious  f a c t o r s  i n c l u d i n g  enviromnenta l  f a c t o r s  i n f l u e n c e  

t h e  :ates and v e l o c i t i e s  of t r a n s l o c a t i o n  ( s e e  review by Zlmermann,  1969). 

4 
I n  a d d i t i o n ,  i t  h a s  been c a l c u l a t e d  t h a t  i f  t he  dose  of r a d i o a c t i v i t y  is 

doubled t h e r e  is n 302 i n c r e a s e  i n  d i s t a n c e  of t h e  ' f r o n t '  of a c t i v i t v  down 

t h e  stecl  and i f  the  dose is squared i n  va lue  the  d i s t a n c e  of t h e  f r o n t  is  

doubled (Canny, 1960).  Veloc i ty  measurcmnts  t h c r c f  o r e ,  shou ld  be  viewed i n  

coi l junct ion  wi th  i s o t o p e  in fo rmat io :~ .  

T h c o r i c s  of T r a n s l o c a t i o n  

Data from v e l o c i t y  and s p e c i f i c  mass t r a n s f e r  exper iments  p rec lude  pro-  

top lasmic  s t r eaming  a s  tlrc mechanism For long ' d i s t a n c e  t r a n s p o r t  f  o r ,  under 
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TA3LE I - RATES AXD VLLOCITIES OF TRKJSLOCATIOI~ I N  PKLOEY 

Rate  of  t r a n s l o c a t i o n  a s  measured by 
+ 

P l a n t  System 

Stems 

Solanum t u b e r  
Diosc o r e a  tuber  
Solanum - 
Kege l i a  f r u i t  peduncle  
Cucurb i t a  f r u i t  peduncle  
Cucurb i t a  f r u i t  peduncle  

mass t r a n s f e r  of d r y  weight  

S p e c i f i c  mass t r a n s f  er  
(g d r y  w/cn2 ph loen lh )  

P e t i o l e s  

Phaseolus  
Phaseolus  
Tropaeolum 

. . 
2. V e l o c i t i e s  of t r a n s l o c a t i o n  as determined by the use  of r a d i o a c t i v e  

t r a c e r s  

b 

Note: 

P l a n t  System 

Phaseolus  v u l g a r i s  
B e  t a  v u l g a r i s  
V i t u s  l a b r u s c a  (Concord) 
S a l i x  sp .  
Saccharum o f f  i c ina rum 
Saccharum o f f i c i n a r u m  
Cucurb i t a  melopepo 
Glycine  nax 
Cucurbi  ta pep0 

V e l o c i t y  (cmlh) 

Rate  = weight  t r a n s f e r  p e r  u n i t  t i m e  

V e l o c i t y  = d i s t a n c e  t r a v e l l e d  p e r  u n i t  time 

a .  The d a t a  f o r  s p e c i f i c  mass t r a n s f e r  were o b t a i n e d  by c a l c u l a t i n g  the  
change i n  f r e s h  weight  over  t i m c ' d i v i d e d  by c r o s s  s e c t i o n a l  a r e a  of 
phloem. 

b .  I n  most of t h e s e  exper iments  14c02 was s u p p l i e d  t o  t h e  leaf le t .  a c t i v i t y  
measured i n . p l a n t  p a r t s  d i s t a l  t o  f e d  leaf. 

~ d a ~ t e d  from Canny, Id. J .  1960 The rate of t r a n s l p c a t i o n ,  J i iol .  Rev. 
35: 507-535. 

b 
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t he  b e s t  of c o n d i t i o n s , - v e l o c i t i e s  o f  more than 5 cm/h have no t  been recorded . 
f o r  protoplasmic s t reaming (see MacRobbie-, 1971; and Weatherely ,and Johnson, 

1968) . Furthermore, redbrts on protoplasmic streaming in  'mature' s i e v e  

% 

element$ a r e  c o n t r a d i c t o q .  Cur r i e r ,  Esau and Cheadle (1955) i nves t i ga t ed  a 

number of p l a n t s  a t  va r ious  times of the  year  and observed no streaming, b u t  

Fensom (1972) repor ted  s t reaming wi th in  i nd iv idua l  s i e v e  elements of Heracleum 

- 
mantqaz&$anurn a t  v e l o c i t i e s  of 1.5-2.5 cm/h, occas iona l ly  up t o  5.0 cm/h. 

'I 

Al te rna t ive  ucchaniscrs f o r  long d i s t a n c e  t r anspo r t  inc lude  the  pressure  o r  

mass f low hypothesis  of Munch (1930). According t o  t h i s  hypothesis ,  accumu- 

l a t i o n  of p h o t o a s s i d l a t e s  i n  t h e  'source '  region c r e a t e s  a g rad i en t  i n  

tu rgor  p ressure  r e l a t i v e  t o  ' s ink '  a r ea s ,  where a s s i m i l a t e s  are u t i l i t e d ,  v i t h  

a r e s u l t a n t  mass flow of s o l u t i o n  through the  phloem system. This flow re- . 
.qu i res  the  presence of open pores  i n  the s i e v e  p l a t e s  of t he  sieve-tubes.  I n  

t 

many s t u d i e s ,  pores  have been reported t o  be  f i l l e d  by f i b r i l l a r  mate r ia l ;  

a l s o  t he  parenchyma cel ls  a s soc i a t ed  wi th  s i e v e  elements have been repor ted  - 

t o  be  r i c h  i n  mitochondria. These s t u d i e s  and o t h e r s  which s h o v  t h e  presence 

of enzymes i n  sieve-tubes have l ed  many authors  t o  ques t ion  the  pressure  flow 

hypothesis .  An a c t i v a t e d  d i f f u s i o n  process  e s p e c i a l l y  a c r o s s  t h e  s i e v e  

p l a t e s  has  been pos tu l a t ed  by Fensom (1972) and Spanner (1958). dejnowicz 

(1970) has v i sua l i zed  t h e  genera t ion  of e l e c t r i c a l  waves on microf i b r i l s  

l ong i  t u d i n a l l y  o r i en t ed  i n  s i e v e  elements, - and r e c e n t l y  a theory,  t he  reci- 

p roca t ing  flow hypothesis ,  involving protoplasmic streaming and osmotical ly  

d r iven  mass flow was put forward by Miller! 1973). 



Trans loca t ion  of Hormones 

A. I n d o l e a c e t i c a c i d  (IM) 

I t  is w e l l  known t h a t  IAA i s  t ranspor ted  i n  a p o l a r  fash ion  toward t he  

base  of t he  p l a n t  (Goldsmith, 1969). Xost work on I A A  t r a n s p o r t ,  however, - 
9 has been done with i s o l a t e d  segnents  of .  p e t i o l e s  o r  stems which a r e  capped' 

by aga r  blocks conta in ing  l a b e l l e d  o w i n  ( ~ c ~ r e ' a d ~ ,  1968; Goldsmith, 1968) . 
d 

These s t u d i e s ,  while confirming the  p o l a r  t r a n s p o r t  of IAA toward t h e  morpho- 

l o g i c a l  base of the  segqent, f u r t h e r  r evea l  t h a t  t h e  segment l eng th  and auxin , 

concent ra t ion  a f  f  e c t  t he  degree of po l a r  movement. I t  appears t h a t  high 

concent ra t ions  of IAA, t h a t  is above the  phys io log ica l  range of 3.5-8.8 mgIAA/l 

l ano l in ,  decrease  whereas longer segments i nc rea se  the  degree of p o l a r  move- 

ment i n  bean s t e m  segments ( ~ c c r e a d y ,  1368; YcCready and Jacobs,  1963). 

Similar  r e s u l t s  a r e  repor ted  f o r  Avena s t c n  segments by Goldsmith (4963). 

The r a t e s  and v e l o c i t i e s  of auxin t r a n s p o r t  have been inves t i ga t ed  by 

var ious  au thors .  Thinann (1972) repor ted  a s p e c i f i c  mass t r a n s f e r  of l abe l l ed  

IM, appl ied  a t  a concent ra t ion  of 3.1 rng/l, of 0.21 g/h/cm2 i n  Avena stem 

segments. The v e l o c i t y  of IAA t r a n s p o r t  as iueasured by d i f f e r e n t  au thors  i n  
b 

d i f f e r e n t  systems v a r i e s  widely from 5.7 t o  14 m / h  ( s ee  review by Goldsmith, 

1969). Some of the  more r ecen t  papers  have given s i m i l a r  v e l o c i t i e s .  For 

example, Smith and Jacobs (1969) and Jacobs (1970) reported v e l o c i t i e s  of 5.7 
2 

mm/h and 5.3-5.'8 m/h i n  p e t i o l e  segments of Phaseolus v u l g a r i s  and of Coleus 

stem s e g m n t s ,  r e s p e c t i v e l y .  I n  c o n t r a s t  t o  these  r epo r t s ,  N m n  (1970) 

14 
found a much higher  v e l o c i t y  of 9.5 cm/h f o r  C-IAA i n  Avena stem segments. 

Ve loc i t i c s  of I A A  t r a n s p o r t  may be d i f f e r e n t  f o r  i n t a c t  p l a n t s  versus  

i s o l a t e d  segments. For ins tance ,  L i t t l e  and Blackman (1963) repor ted  a 



v e l o c i t y  of 20-24 cmfh f o r  i n t a c t  hypocotyls of Phaseolus vu lgar i$  but s n l y  

6  m / h  f o r  excised p e t i o l e s .  The movement of I A A  is ' a f f e c t e d  by var ious  
I . 

o t h e r  f a c t o r s  inc lud ing  age of the  t i s s u e ,  l i g h t  rand darkness ,  and length of 

t i m e  t h e  p l a n t  segment has  been excised.  For example, t h e  b a s i p e t a l  compon- 

e n t  of IAA t r a n s p o r t  is repor ted  to d e c l i n e  i n  bean, stems a s  the  p l a n t  ages 

(NcCreaily and Jacobs,  1963; S ~ d t h  and Jacobs,  1969) . By app rop r i a t e  darken- 
, 

i ng  of p l a n t  p a r t s  the  usua l  b a s i p e t a l  t r a n s p o r t  of photoass imi la te  can be 

reversed t o  an a c r o p e t a l  t r a n s p o r t  ( s ee  N a r t t ,  1965). Under the  same experi-  

mental  cond i t i ons  a  * r e v e r s a l  from b a s i p e t a l  t o  a c r o p e t a l  t r anspo r t  of 14c- 

I M  has a l s o  been repor ted  ( s ee  Wardlaw, 1968). I n  Coleus, t he  vege ta t ive  

shoots  had a  b a s i p e t a l / a c r o p c t a l  t r a n s p o r t  r a t i o  of 3 whereas f l o r a l  shoots  

had va lues  of 1.3 (Xaqvi and Gordon, 1965). Osborne and Xul l ins  (1969) 

repor ted  t h a t ,  5 h a f t e r  excis ion,  the  p e t i o l e  segments of p$aseolus vu lga r i s  

s h o d  a 50Z decrease  i n  t he  b a s i p e t a l  t r a n s p o r t  of IAA; a f t e r  a  10 h period,  

the  b a s i p e t a l  IAA t r a n s p o r t  was reduced t o  10% of i ts o r i g i n a l  value. 

One of the  important a spec t s  of the  po l a r  t r a n s p o r t  of IAA i n  i s o l a t e d  

segments is t h a t  t h i s  t r anspo r t  is independent of the  concent ra t ion  grad ien t .  

For i n s t ance ,  IAA cont inues  t o  accumulate a t  the  morphological base of the  

segment i r r e s p e c t i v e  of the  f a c t  t h a t  t he  concent ra t ion  of IAA a t  the base i s  

much higher  than a t  the  apex ( ~ c o ~ o i d ,  1967). This  r u l e s  o u t  a  simple 

pass ive  d i f f u s i o n  and i n d i c a t e s  a  c e l l u l a r  c o n t r o l  over  t h e  movement of IAA. 

It qs not  known whether the movement of I A A  i n  i n t a c t  p l a n t s  is  independent 

of t h e  concent ra t ion  grad ien t .  

Most people th ink  t h a t  IAA moves i n  l i v i n g  parenchyma c e l l s  of the 

vascu l a r  t i s s u e s  though movement i n  s i e v e  elements and t racheary  c e l l s  is not  

ru led  ou t  ( dela Fuenta and Leopold, 1966; Goldsmith, 1969; Leopold, 1967 

and Sa l i sbu ry  and Ross, 1969, pg. 454). 



B. 2,4-dichloropl~enoxyacetic a c i d  (2  ,4-D) 

a 
I n  cornpardson w i t h  IAA,  the s y n t h e t i c  aux in  2,4-D i s , , r e l a t i v e l y  s t a b l e  

molecule. ~ u r t h e k o r e  i t  has  been s l m q  t o  bc  absorbed c o n t i n u o u s l y  i n  a 
8 

l i n e a r  f a s h i o n  over  t h e  c o n c e n t f a t i o n  range  of 0.1-200 q / 1  l a n o l i n  over  a 

p e r i o d  of 24 h  (Audus, 1964; P a l l a s  and- blill iarns, 1962 ; and Yamaguchi, 1965).  

For t h e s e  r easons ,  .2,4-D is t h e  s y n t h e t i c  auxin  t h a t  is most o f t e n  uscd f o r  

i n v e s t i g a t i o n s .  

The v e l o c i t y  of 2.4-D t r a n s p o r t  v a r i e s  b u t  is g e n e r a l l y  %. lower than t h a t  
L 

f o r  IM. EcCready (1963) and McCready and Jacobs  (1963) uscd p e t i o l a r  seg- 

ments of Phaseolus  vul ,garis  and r c p o r t e d  v e l o c i t i e s  of  0.6-1.0 m/!i f o r  2,4-D 
.b 

and 6 mm/h f o r  IAA i n  comparable experir.lents.  A p p l i c a t i o n  of 14c-2.4-~ t o  
1 

t h e  co ty ledonary  node of Phaseolus  v u l g a r i s  gave a v e l o c i t y  of .lo-12 cm/h; 

and f o r  14c-IA~ a v e l o c i t y  of 20-24 cm/h ( t i t t l e  x d  Blackman, 1963). Jacobs ,  

PIcCready and Osborne (1966) no ted  t h a t  d i f f e r e n t  p l a n t  p a r t s  may show 

d i f f e r i n g  v e l o c i t i e s  of t r a n s p o r t  f o r  2,4-D. For i n s t a n c e ,  i n  p e t i o l e  seg- 

ments of  bean v e l o c i t i e s  of  1.5 mm/h and i n  p u l v i n a r  segments of 0.8 m / h  
,) 

were recorded.  Leonard e t  a 1  (1968) o b t a i n e d  s i m i l a r  r e s u l t s  f o r  beaq l e a v e s  

and r e p o r t e d  t h a t  a d e c l i n e  i n  b a s i p e t a l  2.4-D t r a n s p o r t  o c c u r r e d  w i t h  in-  

c r e a s i n g  age  of the t i s s u e .  Due t o  t h e  r e l a t i v e l y  slow v e l o c i t y  of 2,4-D 

h i g h e r  c o n c e n t r a t i o n s  and /o r  l o n g e r  t r ea tmen t  t i m e s  a r e  o f t e n  n e c e s s a r y  f o r  

adequa te  amounts t o  be t r a n s l o c a t e d .  For  i n s t a n c e ,  i n  - S a l i x  v i m i n a l i s  -,$ 

r a d i o a c t i v i t y  from 14c-2. 4-D f e d  t o  t h e  rnorphologicsl  apex o f  bark s t r i p s  

was n o t  noted  a f t e r  24 ti b u t  r e a d i n g s  a t  36 h r e v e a l e d  a c t i v i t y  ( F i e l d  and 

P e e l ,  1972). I n  s i m i l a r  exper iments  wi th  Populus t remula  twigs  E l i a s s o n  and 

llallman (1973) no ted  r e l a t i v e l y  long t i m e s  f o r  adequa te  t ranspor t  of 2.4-D. 

These a u t h o r s  no ted  an upward t r a n s p o r t  of 1 4 ~ - 2 , 4 - ~  i n t o  t h e  grawing s h o o t  



a&:<, however. S i m i l a r  a c r o p e t a l  t r a n s p o r t  f b r  1 4 ~ - 2 , / 1 ~  i n  sten and p e t i o h  

segment? o f '  Phasco lus  v u l c a r i s  - was r c p o r t e d  by J a c o b s  (1967). According t o  

JacobsL, ( 1967) t r a n s p o r t  of 2,4-D was g r e a t e r  i n  v a s c u l a r  s t r a q d s  than  p a r t n q h p a  

of bean and Coleus  s c p c n t s ,  and changes i n  f l u x  (weight  o f  compound 

k5 

noved pe r  u n i t  tirnc) and c o n c c n t r a t i o n  r a t h e r  than  v e l o c i t y  o r  r e l l u l a r  t r a n s -  - 

p o r t  s i te  may be mare impor tan t  i n  p o b r i t y  i n v c s t i & a t i o n s .  For  cxample, 

h i g h  2,4-D c o n c e n t r a t i o n s  wcrc r e q u i r e d  f o r  l a b e l l i n g  of r o o t s  i n  soybean 

( c r a f t s ,  1967). L a b e l  moved f r o n  t h e  pr imary  l e a f  t o  o t h e r  t r i  .> o l i a t c  l c a f -  

le ts ,  t h e  s h o o t  apex, and  t h e  r o o t s , b u t  t h c  prircary l c a f  o p p o s i t e  t o  t h e  t r e a t -  

e d  l e a f  was a lmos t  always bypasscd,  
- %3 

C. G i b b e r e l l i c  a c i d  (GA) =.. 

I n  c o n t r a s t  t o  2.4-D and Xi'&, t h e  movcwnt  of  1 4 c - ~  A is r e p o r t e d  t o  be 

nonpo la r  ( s e e  C r a f t s  and C r i s p ,  1971; Ga l s ton  and Warburg, 1959; and Lazer 

e t  a l ,  1361). and KslQewey (1970) recorded  a 10: 1  r a t i o  f o r  
9 

b a s i p c  t a l :  a c r o p c t a l  l 4c -CfI  t r m s p o r t  i n  p e t i o l e  s e p e n t s  of Coleus.  a e i g ,  
r 

Yamaguchi, and P!ason (1961) t r e a t e d  t h e  pr imary  l e a f  b l a d e  of  P h a s e o l u s  

v u l c a r i s  w i t h  CAj under h i g h  i m i d i t y  c o n d i t i o n s  f o r  p e r i o d s  r a n g i n g  from I h  

t o  9 days .  1 4 ~ - a c t i v i t y  accumulated in b o t h  s h o o t  and r o o t  a p i c e s  a f t e r  8 h  

b u t  no  l a b e l  appeared  i n  t h e  o p p o s i t e  p r i m r y  l e a f .  $ !us~rave  e t  a 1  (1969) 

dc tc rmincd  t h e  d i s t r i b u t i o n  o f  3 t ! - ~ ~ 1 ,  3 1 1 - ~ ~ 5  and o t h c r  # s  of low b i o l o g i c a l  

a c t i v i t y  i n  dwarf Rea p l a n t s .  ]:ore a c t i v i t y  was l o c a ~ e d  i n  t h e  a p i c a l  t h a n  

t h e  b a s a l  p a r t s  of  t h e  p l a n t s  and h i g h e r  l e v e l s  o f  r a d i o a c t i v i t y  were recov- 

e r e d  i n  bo th  r e g i o n s  from the GAS t han  t h e  GA1 t r e n t a c n t .  D e r i v a t i v c s  of 

GA w i t h  low b i o l o g i c a l  a c t i v i t y  were n o t  p r e f e r e n t i a l l y  t aken  up by t h e  apex.  

S e v e r a l  a u t h o r s  have r e p o r t e d  v e l o c i t i e s  of CA movement i n  t h e  range  of 

10-50 m / h  (Evans and Wardlaw, 1966 f o r  Lolium tcmulcntum; C a l s t o n  and War- 



burg, 1959 f o r  pea stems; GcConb, 1364 f o r  c l o n ~ a t i n g  pea stems; i leely a n d ,  

;3;.:+q. 
Phinney, 1957 f o r  dwarf-L maize). 

As f o r  UIA and 2,4-D, G.4 is a l s o  beldeveil t o  move i n  parenchyma c c l l s  

bu t  noverncnt t h r o u ~ h  t h e  xylcm o r  phlocn conducting c e l l s  i s  n o t  excludcd. 

D, Triiodob'enzoic acid (2; 3, 5-TIM, TIBA)~ 

i 
TIGA is knm-n t b  i n h i b i t  various responses  induced by 1A.k but  whether i t .  

acts as a compet i t ive  i n h i b i t o r  o r  a s  a i n h i b i t o r  of IAA-induced 

r e a c t i o n s  is not known (Goldsinith, 196C, 1969). Goldsmith (1969) found t h a t  

TIBA i n h i b i t e d  both b a s i p c t a l  and a c r o p e t a l  t r a n s p o r t  of IAA i n  i s o l a t e d  pea 

stem segments. I n  c o n t r a s t ,  ?icCrcnJy (1963) noted t h a t  TIUA promoted acro- 

p e t a l  but i n h i b i t e d  b a s i p e t d  t r a n s p o r t  of IAA i n '  p e t i o l e s  of beans. Penny 
.. 

et a1 (1972) repor ted  t h a t  TI3A app l i ed  around bean stems a s  a 
b 

-3 - 5  r i n g  a t  concen t r a t i ons  of 10 -10 P.1, induced an a c c u m u l ~ t i o n  of r a d i o a c t i v i t y  

14 above t h e  g i r d l e  when C-IAA was appl ied  t o  t h e  decap i t a t ed  apex. Winter (1968) 

suggested t h a t  TIBA promoted the  inmo3i l iza t ion  of IAA i n  Avena, b u t  increased 

t h e  decarboxylat ion of i n  Pisun.  i l c r t c l  and Leopold (1963) repor ted  ' t h a t  

a T I M  pretreatment  of &a ---- nays caused a promotion of 14~-IAA upfakc 
r 

and a subsequent decrease  i n  t h e  t r a n s p o r t  of l abe l .  Mull ins  (1970) also 

noted t h a t  TIJA d id  no t  i n h i b i t  the  uptake of 14c-1AA by p e t i o l e  segments of  

bean b u t  d i d  i n h i b i t  t he  subscqucnt t r a n s p o r t  of t he  l a b e l .  

E f f e c t s  of Ilornoncs on t h e  t ranspor t  of photoassimi1ote.s 

The informat ion on t r a n s p o r t  of hormones has obvious bea r ing  on the  

e f f e c t  of hormones on t h e  t r a n s l o c a t i o n  of 'photoassimi1;rtes. As mentioned 



e a r l i e r ,  however, t h e r e  are v e r y  f e w  s t u d i e s  on t h i s  s u b j e c t .  

S e t h  and Wareing (1964, 1967) a p p l i e d  hormone p a s t e s  t o  d e c a p i t a t e d  

s h o o t s  o r  d e - f r u i t e d  peduncles  of Phaseo las  v u l z a r i s  p l a n t s  p r i o r  t o  f eed ing  

32? t o  theanode of  t h e  p r i w r y  l eaves .  They fo6nd t h a t  GA ( u n s p e c i f i e d  a s  L O  

type)  4 k i n e t i n  a t  1000 ppm e a c ! ~  d i d  n o t  a f f e c t  the  a c r o p e t a l  t r a n s p o r t  of - 
3 ! ~  when a p p l j e d  s i n g l y .  I A A  (1000 ppn) a l o n e  augmented t h e  t r a n s p o r t  b u t  

F 

IAA a p p l i e d  t o g e t h e r  w i t h  GA and bkinet in  f u r t h e r  augnented the  t r a n s p o r t  of 

3 2 ~ .  The combination CA ;nd IAA ' t r e h m e n t  d i d  n o t  e l i c i t  a s  nuch 3 2 ~  t r a n s -  
'4 

%- 
p o r t  a s  IAA a l o n e .  The a u t h o r s  f u r t l i e r  noted  t h a t  t h e  nove lnn t  of 14c- 

l a b e l l e d  p roduc t s  was s i m i l a r l y  s t i m u l a t e d  by IAA and t h e  s y n e r g i s t i c  a c t i o n  
0 , - 

of t h e  combined hormones. I n  i k t e o r  pea a l s o ,  Davies and ~ a r e i n g  ?'o65) 

no ted  t h a t  GA o r  k i n e t i n ,  a t  a  c o n c e n t r a t i o n  of  0.13 i n  l a n o l i n ,  were i n e f f e c -  

t i v e  i n  s t i m u l a t i n g  a c r o p e t a l  t r a n s p o r t  of 3 2 ~  a p p l i e d  t o  nodes 10 cm below 

t h e  c u t  stump. IAA a t  0.1:: c o n c e n t r a t i o n  s t i m u l a t e d  3 2 ~  t r a n s p o r t ,  and steam- 

g i r d l i n g  exper iments  v e r i f i e d  ctje IAA e f f e c t  t o  be  phloem mediated. IJ5e of 

1;; TIBA negated  t h e  IM e f f e c t  of 3 2 ~  t r a n s p o r t  i n  t h e s e  experiments. .  Elul l ins 

1 3 7 0 ,  us ing  a  similar exper imen ta l  d e s i g n  f o r  hormone and 1 4 ~ - s u c r o s e  

f e e d i n g  t o  bean p l a n t s ,  r e p o r t e d  an i n c r e a s e  of 14c t r a n s p o r t  wi th  coabina-  

a l o n e  o r  c o n t r o l  t r ea tmen t s .  N o r r i s  and Thomas (1961;) no ted  a  s i m i l a r  enhance- ' 

ment of 14c movement i n  peas  a f t e r  IM t r ea tmen t .  ;lew (1965) and iiew e t  a 1  

(1967) p r e t r e a t e d  d e c a p i t a t e d  stumps of soybean w i t h  5 ppm I A A  and combina- 

14 
t i o n  Sppn IA4 + 50 p p m " ~ ~  f o r  30 m and subsequent ly  f e d  COY - f o r  30 n go 

one primary l e a f .  They r e p o r t e d  a 62 i n c r e a s e  i n  14c t r a n s p o r t  from the  

l e a v e s  w i t h  t h e  combination IAA + GA t r ea tmen t  r e l a t i v e  t o  c o n t r o l s  and t h e  

I M  t r ea tmen t .  



I n  some o t h e r  exper iments ,  Ca\ a l o n e  h a s  been r e p o r t e d  t o  i n c r e a s e  t h e  

t r a n s p o r t  of a s s i m i l a t e s  presumably by t h e  w e l l  kncnm a c t i o n  of  GA i n  c r e a t i n g  

and /o r  enhancing metabo l i c  s i n k s .  Jeff c o a t  and Harris (1972) found t h a t  GA3 

a l o n e  pronoted  t h e  t r a n s l o c a t i o n  of 14c02 p roduc t s  i n  d e c a p i t a t e d  ~ i a n t h u s  

f l o w e r i n g  s h o o t s  . IIalevy e t  a 1  (1964) sprayed Pl~ciseolus v u l g a r i s  p l a n t s  a t  - 
the  19 and '25 day stage of development w i t h  3 x 10-'% GA. Subsequent ly  on 

t h b  28th day t h e  primary l e a v e s  were f e d  14c-sucrose f o r  4 and 20 11 and the  

p e r c e n t  of 14c t r a n s p o r t e d  was c a l c u l a t e d .  They fdund t h a t  i n  CA t r e a t e d  
-b=Q=+ 

p l a n t s  df t e r  a 4 11 i n c u b a t i o n  6hly 0.9% of the  14c w a s  t r a n s l o c a t e d ,  as 

oppose& - to  3.4% i n  c o n t r o l s ,  b u t  a f t e r  a  20 h i n c u b a t i o n  t h e  GA t r e a t e d  p l a n t s  

t r a n s p o r t e d  8 . C  of t h e  f e d  l a b e l  v e r s u s  4.52 i n  c o n t r o l s .  Sampling s i tes  

inc luded  t h e  t r e a t e d  and u n t r e a t e d  primary l e a v e s ,  t h e  s t e n  a h v e  and b e l w  

t h e  primary l e a v e s ,  the  second t r i f o l i a t e  and t h e  r o o t s .  (=G has tened  t r a n s -  - 
J 

l o c a t i o n  of "C compounds t o  upper stems and l e a v e s  and reduced t r a p p o r t  t o  

lower s t e n s  and r o o t s .  That 100 ppm GA c r e a t e d  metabo l i c  s i n k s  f o r  a s s i m i l a t e  

movement i n  V i t i s  v i n i f e r a  was no ted  by Shindy and Weaver (1967). Quinlan 

and Weaver (1970) a p p l i e d  GX t o  one of a p a i r  o f = - W ~ ~ f  4 W o r  43 h *.  
%? ,.e 

before  a d m i n i s t r a t i o n  of  %C02 t o  the  o p p o s i t e  s h o o t  of  the  p a i r .  I n c u b a t i o n  
' b 

t ime w i t h  14c02 was 24 *h, and p l a n t s  a t  the  p r e b l o o r n  ( i . e .  two weelis b e f o r e  

blossoming) s tagc  of development were used. 14c w a s  t r a n s l o c i t e d  t o  t h e  

shoo t  sprayed w i t h  GA whereas i n  c o n t r o l  no such'  rnovcmen t was recorded.  

F u r t h e r  i t  was shavn t h a t  the  GA-induced and c 6 n t r o l  p r o f i l e s  f o r  d i s t r i b u -  

t i o n  o f  14c p roduc t s  were markedly a f f c c t e d  by da rken ing  o r  d e f o l i a t i o n  of 

a d j a c e n t  s h o o t  p a r t s .  

I t  w i l l  be-  r e c a l l e d  t h a t ,  i n  bean p l a n t s ,  l a b e l l e d  2, - ~ * ' s & p ~ l i c d  t o  a 

primary l e a f  moved up and down t h e  stem i n c l u d i n g  r o o t s  b u t  n o t  to  t h e  

.opposite p i i n a r y  l e a f  ( c r a f t s ,  1967), and t h a t  1 4 ~ - ~ ~  a p p l i e d  t o  t h e  p r i m r ~  
3 



l e a f  r e s u l t e d  i n  an  accumulat ion  of the  l a h e l  i n  t h e  r o o t  and shoo t  a p i c e s  

b u t  n o t  i n  t h e  o p p o s i t e  primary l e a f  (Zweig e t  a l ,  1961). Leonard e t  a1 
9 

(1968)- induced t h e  movement o f  1 4 ~ - a s s i m i l a t c  from a primary l e a f  of  bean t o  

the  o p p o s i t e  l e a f  by p r e t r e a t i n g  the  l a t t e r  w i t h  2,4-D.  Extremely h igh  con- 

c e n t r a t i o n s  of 2,4-D (10,000 ppm 2,4-D f o r  3 days  i n  t h e  dark)  were r e q u i r e d ,  - 
however, and the  r ad ionu tographs  r e v e a l e d  14c a c t i v i t y  i n  t h e  2,4-D t r e a t e d  

* - 
l e a f  2 days  a f t e r  t h e  a p p l i c a t i o n  of 14c02 t o  the  o t h e r  primary l e a f .  

The papers  reviewed above i n d i c a t e  t h a t  hormones, p a r t i c u l a r l y  IAA and 

GA, a f f e c t  t r a n s l o c a t i o n  of p h o t o a s s i m i l a t e  - bu t  i n  n e a r l y  a l l . t h e s e  s t u d i e s  

t h e  hormones have been used i n  such a 'way t h a t  me tabo l i c  s i n k s  have been 

c r e a t e d  o r  augmented. The rnoverrnt of 14c o r  3 2 ~  toward t h e s e  vsi i iks is n u t  

t y p i c a l  of a s s i m i l a t e  movement i n  i n t a c t  p l a n t s .  Accordingly ,  i n  t h i s  t h e s i s ,  

9 i t  was considered  neccssaryT(r-dts&gn experiments which t e s t e d  t h e  e f f e c t s  of 

$ 

hormones on a s s i m i l a t e  movenent which more t r u l y  r e f l e c t e d  t h e  s i t u a t i o n  i n  

i n t a c t  p l a n t s .  s i n c e  t h i s  approach w a s  new and t h e r e  was l i t t l e  p e r t i n e n t  

in fo rmat ion  i n  t h e  l i t e r a t u r e ,  a c o n s i d e r a b l e  l e n g t h  of t i m e  w a s  s p e n t  i n  

d e v i s i n g  c r i t e r i a  f o r  un i fo rmi ty  of p l a n t  growth and i n  de te rmin ing  t h e  o p t i -  

m l  environmenta l  c o n d i t i o n s  a s  w e l l  as a p p r o p r i a t e  t i m i  and methods f o r  

f e e d i n g  hormones and l a b e l l e d  s u g a r s .  Labe l l ed  s u c r o s e  r a t h e r  than " C O ~  

was used. P r e l i m i n a r y  exper iments  t e s  tcd t h e  e f  f e c t s  of  c o n c e n t r a t i o n  and 

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

subsequent  s u c r o s e  movenent. Latcr exper iments  determined t h e  e f f e c t s  of @ 

hormones on d i s t r i b u t f o n  of l a b e l  i n  d i f f e r e n t  p a r t s  of . the p l a n t  and e x p e r i -  

ments w i t h  TIUA t e s t e d  t h e  s p e c i f i c i t y  o f  IAA a c t i o n  i n  t r a n s l o c a t i o n  
P 

J 

phenomena. I t  was hoped t h a t  t h e s e  cxpcr iments  w i t h  hormones would shed some 

f u r t h e r  l i g h t  on t h e  mechanism of long  d i s t a n c e  t r a n s p o r t  of  y h o t o a s s i m i l a t e s .  



h i a t e r i a l s  and :lethods 

Growth condi t i o n s  

Seeds of Phaseolus  v u l g a r i s  L. v a r  Topcrop S t r i n g l e s s  were g e m i n a t e d  

on mois t  f i l t e r  paper  i n  p e t r i  p l a t e s .  A f t e r  3 t o  4 d a y s - s e e d l i n g s  were C - 
)1 

s e l e c t e d  f o r  uniform growth and p l a n t e d  i n  v e r m i c u l i t e  p o t s  h e l d  on a d e f i n e d  

photoper iod i n  a growth chamber under a balanced regime o f  f l u o r e s c e n t  c o o l  

whi te  and tungs ten  f i l a m e n t  lamps. They were watered every  3 days w i t h  h a l f -  

s t r e n g t h  IIoagland-Arnon s o l u t i o n  (lioagland and Arnon, 1950) i n  which f e r r i c  
8' 

n i t r a t e  s u b s t i t u t e d  f o r  i r o n  t a r t r a t e .  Photoper iod r e g i c e s  f o r  each exper i -  

ment a r e  i n d i c a t e d  at  t h e  a p p r o p r i a t e  p l a c e s  b u t  day /n i@l t  temperatures  o f  

~ 3 ~ / 2 0 ~ ~  were mainta ined u n t i l  t r e a t n e n t  time a t  which t h e  second o r  t h i r d  
. . . . . . . _ _.. ^- . 

t r i f o l i a t e  l e a f l e t  was half-expanded. The time t o  reach  t h i s  s t a g c  v a r i e d  

wi th  daylengtn  and d u r a t i o n  of t h e  rcaximal l i g h t  i n t e n s i t y  ( s e e  below) but  

g e n e r a l l y  took from 12 t o  18 days. 

P re l iminary  exper iments  i n d i c a t e d  t h e  op t imal  photoperk;sd and l i g h t  

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

daylength  w i t h  lawer  i n t e n s i t i e s  of 800 f t - c  prc- and pos t -da t ing  t h e  midday 

pe r iod  a t  1200 f  t-c was found t o  be s u p e r i o r  t o  a 12-12 o r  18-6 h photoper iod 

a t  a uniform 1230 f t -c .  A l eng then ing  of  t h e  midday pe r iod  a t  1200 f t - c  from 

6 t o  11 h favoured  nore  uniform p l a n t  growth. 

Xormone t rea tment  

cn 
Before each experiment,  p l a n t s  were s e l e c t e d  f o r  un i fo rmi ty  on t h e  basis 

of t r i f o l i a t e  and /o r  primary l e a f  a r e a  c r i t e r i o n .  Lanol in  p a s t e s  c o n t a i n i n g  

growth regulators were a p p l i e d  t o  stem, p e t i o l e ,  o r  laminar  sites for  va ry ing  
i. , 

+ t; incuba t ion  times from 24 t o  96 h under t h e  photoper iod reginbe r e l e v a n t  t o  
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t h e  experiment. Cont ro l  p l a n t s  rece ived  p a s t e s  of pure l a n o l i n  o r  no appl ica-  

t i o n  of l a n o l i n  pas t e s  p r l o r  t o  admin i s t r a t i on  of i s o t o p i c a l l y  l a b e l l e d  compounds. 

Adminis t ra t ion of r a d i o a c t i v e  sucrose  \ i 

., @ 

Radioact ive  sucrose  w a s  adminis tered a t  t he  midpoint of t h e  l i g h t  c y c l e  
! 

when, under na t u r a l k o n d i  t i o n s ,  a t r a n s  l o c a t i o n  of p h o t o a s s i n i l a t e  is b e ~ i n n i n g  

8. 

t o  i nc rea se  i n  the  d i u r n a l c y c l e .  PreZiminary tests ind i ca t ed  t h a t  high con- ! 

c e n t r a t i o n s  of i so top i ca l l y - l abe l l ed  substances ,  hfgh l i g h t  i n t e n s i t y  du r ing  t he  
i 

feed ing  per iod,  and longer  feeding per iods  f a c i l i t a t e d  t he  uptake of l a b e l  and its 

subsequent p a r t i t i o n i n g  i n t o  l a b e l l e d  compounds i n  va r ious  metabel ic  i o o l s  

Accordingly, the  hormone-treated and  c o n t r o l  p l a n t s  were t r a n s f e r r e d  t o  t h e  labor-  

a t o r y  and accl imat ized t o  a  l i g h t  i n t e n s i t y  of 3000 f t - c .  provided 'by Mi l le r -  

... Sylvania  photof lood ( co lo r  temperature 340C K) o r  D i c r o l i t e  (Quartz-Iodide, 
\ 

3300 K) lamps having s tandardized s p e c t r a l  emissions.  During t h i s  s t a b i l i z e  
1 

ubsequent i so tope  adrninistra t i o n  near  i n • ’  ra-red r a d i a t i o n  

were reduced by in t e rpos ing  10 crn water f i l t e r s ,  a l lowing mainten- 

g i r  temperatures f o r  the  p lan ts .  

were employcd t o  adminis te r  l a b e l l e d  sucrose:  f l a p  feed ing  

and sc r ape  feeding.  I n  t he  f l a p  feed ing  method (Xelson and Gorham, 1957) t h e  

midr ib  v a s c u l a r  bundle of the  middle l e a f l e t  of a  t r i f o l i a t e  w a s  severed 

and t h e  c u t  stump immcrsed i n t o  t he  r ad ioac t ive  s o l u t i o n  f o r  the  app rop r i a t e  

feeding t i m e .  I n  the  s c r ape  method t h e  upper epidermis one cm from 

the  midvein-petiole junc t ion  of t he  middle l e a f l e t  was removed w i t h  a sca lpe l .  

D i r e c t  a p p l i c a t i o n  of compounds t o  the  unwounded vascu la r  bundle could 

F" be done. A s o l u t i o n  of boron (5ppm) and 0.082 Tveen 20 ( s  d i m  l a u r y l  

s u l f a t e )  was used t o  augment e n t r y  of i so tope  fol lowing tltc methodology 

then 

of 



, Nelson arid Gorham (1957) and Yanaguchi (1961). 

Sampling and determinat ion of i s o t o p i c  content  

T issue  samples were ex t rac ted  i n  ho t  802 (v/v) e thano l  3 times and the  

volume was reduced by evaporat ion t o  a 2 m l  aqueous so lu t ion .  Al iquots  of 

200 ~1 were taken f o r  t r i p l i c a t e  5 n i n  counts  i n  a modified   ray 's Cocktai l  - 

s o l u t i o n  on a c a l i b r a t e d  Packard Tr idarb S c i n t i l l a t i o n  Counter. Th i s  method 

proved adequate f o r  non-color quenched samplcs from p e t i o l e s  and stems. For 

h igh ly  color-quenched laminar samples from the f e d  l e a f l e t s  count ing e f f i -  . 

ciency was low. I n  t he  last  experiment add i t i on  of NCS s o l u b i l i z e r  (New 

England Xuclear) was used t o  improve count ing e f f i c i e n c y  i n  these  l e a f  samples. 

Data a n a l y s i s  

For the  f i r s t  t h r ee  e x p c r i w n t s  d a t a  are presented with devia t ions  from 

the mean. For t h e  last two experiments, which involved an increased  use of . 
sampling s i t e s  a n d S a h r g e r  number of r e p l i c a t e s ,  a more d e t a i l e d  s t a t i s t i c a l  

C 

a n a l y s i s  w a s  c a r r i e d  out. Two way a n a l y s i s  of v a r i a n ~ e ~ a n d  a Bartlett's test '  

f o r  homogeneity of the  var iances  a s  w e l l  a s  t he  New ~ u n c a n ' k  Mult iple  Range 

t e s t  were employed. The B a r t l e t t ' s  T e s t  was chosen over t he  similar 3eumann- 

Keuls Tes t  s i n c e  l e s s  s t r i n g e n t  l i ~ i  ts w e r e  e s t ab l i shed  a t  h igher  degrees 

of freedom thus a l l w i n g  a more open approach t o  comparison of t reatments  a t  
d 

the 1% l e v e l  of s i g n i f i c a n c e  (Alder and Roessler,  1968 and L i ,  1966). Alter-  

n a t i v e l y ,  sample count d a t a  expressed a s  percent  of admtnistered i so tope  

l e v e l s  and percent  of' t o t a l  e thano l  s o l u b l e  f r a c t i o n  recovered a s  w e l l  as t he  

a r c  s i n e  transformation of these  percentages were used f o r  d a t a  ana lys i s .  

The raw dpm and a r c  s i n e  analyses  provided only r e s t r i c t e d  infbrmat ion and 

d id  n o t  permit comparison between t reatments .  For t h i s  reason  lofie t rans-  



fo rmat ion  of dpm was u t i l i z e d  i n  t h e  grouped-s i te  a n a l y s i s .  P r o f i l e  d i s t r i -  

J bu t ion  s t u d i e s  cond t e d  by numerous worlccrs have i n d i c a t e d  t h a t  a l o g a r i t h m i c  

d e c r e a s e  i n  r e c o v e r a b l e  a c t i v i t y  o c c u r r s  as d i s t a n c e  from t h e  s i te  of \ i s o t o p e  

a d m i n i s t r a t i o n  i n c r e a s e s  (Vernon and Aronoff ,  1952; Ciddulph and Cory, 1357; 

~ x ~ e r i m e A t s  and R e s u l t s  

I. I n f l u e n c e  of cxop.cneously a p p l i e d  horrr,ones on n e t  y h o t o s p n t h e s i s  r a t e s  

(P,) - 

I t  was cons ide red  d e s i r a b l e  t o  t e s t  whether  hornone a p p l i c a t i o n  t o  de- 

c a p i t a t e d  stem apex a f f e c t e d  t h e  p h o t o s y n t h e t i c  r a t e s  (?,) of a d j a c e n t  l e a f -  

le ts .  Accordingly,  the  follow in^^ hormones were a p p l i e d  t o  t h e  c u t  s tem apex: 

100 ppm I A A  w i t h  20 ppm GA and p l a i n  l a n o l i n  c o n t r o l s  f o r  72 h,  and 1000 ppn 
1 
t IAA f o r  96 h. For  ~ l a n t s  r e c e i v i n g  hormones, a p l a i n  l a n o l i n  p a s t e  r e p l a c e d  

l 

\ t he  hormone p a s t e  d u r i n g  Pn d e t e r m i n a t i o n s .  

Fol lowing t h e  methods of L i s t e r ,  Krotkov and Nelson (1961). a 250 m l  

c l o s e d  c i r c u i t  system. a t  normal 300 ppm C02 c o n c e n t r a t i o n s ,  was used w i t h h  

Beckman Model 315 Infra-Red Gas Analyzer  (F igure  1) c a l i b r a t e d  a g a i n s t  

s t a n d a r d  g a s  mix tu res .  e 

The n e t  p h o t o s y n t h e t i c  rates i n  Tab le  I1 a r e  t h e  mans of s i x  cons t -  

c u t i v e  d e t e r m i n a t i o n s  i n  t h e  rate of change of C 0 2  c o n & t r a t i o n s  between 

350 and 250 ppm f o r  each of t h e  t h r e e  r e p l i c a t e  p l a n t s  i n  each  t r ea tmen t .  I t  

should  be no ted  t h a t  no  a p p r e c i a b l e  d i f f e r e n c e s  appeared  between t h e  t r e a t e d  

and c o n t r o l  p l a n t s  a t  t h i s  l e v e l  of  s e n s i t i v i t y  w i t h i n  t h i s  a n a l y s i s  system. 
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FIGURE 1 - APPARATUS .FOR NET PilOTOSYNTkIETIC HEASUREMENTS 

-1 
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2 .  E f f e c t  of s i t e  of hornone pret reatment  on t h e  d i s t r i b u t i o n  of f lap-fed 

Hormones were app l i ed  t o  decapi ta ted  s t e w  above the  t h i r d  in te rnode  o r  

t o  the  p e t i o l a r  s tump of the  second t r i f o l i a t e  middle l e a f l e t .  G ibbe re l l i c  

a c i d  t reatment  of p e t i o l a r  stumps r c s v l t c d  i n  s o m d c a l l u s  growth which was 

remove6 p r i o r  t o  sucrose  feeding.  I n  t he  case  of stem app l i ed  hormones, 

sucrose  adminis t ra t ion  was preceded by app l i ca t i on  of f r e s h  pas t e s  of p l a i n  

l a n o l i n  t o  t he  decap i t a t ed  stem. ~ u c r o s e - 6 , 6 ' - ~ ~  w a s  adminis tered t o  the  
- 

second t r i f o l i a t e  n i d d l e  l e a f l e t  f o r  1 h fol lowing the  hormone p re t r ca tnen t .  ., 

Other e x p e r i ~ e n t a l  d e t a i l s  a r e  presented with  t he  ' r e s u l t s  i n  Table 111. 

Two trends a r e  ev iden t :  1. Pret reatment  w i t h  IAA markedly increased the  

uptake of sucrose  i n  the  fed lamina and ad jacen t  p e t i o l e  and augmented t he  
I 

concent ra t ion  of l a b e l  i n  the second internode.  This  was ev iden t  from com- 

par i sons  of dpm $n the  l a n o l i n  c o n t r o l  and the 72 h  IAA t reatment  a t  the  

p e t i o l e  s i t e  (colunns 4 and 5) and from an inc rease  i n  t he  leng th  of pre- 

treatment wi th  LAA from 24 t o  72 h a t  t h e  stem s i t e  ( c o l u m s  1 and 3). 

2 .  The s i te  of hormone a p p l i c a t i o n  had a narked e f f e c t  on uptake and t rans-  

p o r t  of l abe l .  If IAA was app l i ed  a t  t he  s i t e  of subsequent sucrose  admini- 

s t r a t i o n ,  more than t e n  t i n e s  t h e  dpm l e v e l s  were obtained i n  e x t r a c t s  from 

the p e t i o l e  and upper s t e n  segments than i n  comparable samples from stem prc- 

t rea tments  (compare colunns 3 and 5). The e f f e c t  of CA i n  a s soc i a t i on  wi th  

IM was no t  very c l e a r .  I t  seer.wd t o  f a c i l i t a t e  e n t r y  of l a b e l  i n t o  the  

system and perhcqps depressed t he  t r ans loca t ion  of l a b e l  i n t o  stem sitcs f a r t h e r  
'q 

LC - 

from the  s i t e  of i so tope  feeding (compare dpm f o r  rows 1 and 3 i n  colunms 1 
ii 

1 

and 2 and columns 5 and 6 Table 111).  
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3. Z f f e c t  of  c o n c e n t r a t i o n  and d u r a t i o n  of hornonc p r e t r e a t m e n t  on 

d i s t r i b u t i o n  of f lap-•’  e d  sucrose-% 

The e x p e r i m e n t a l  d e t a i l s  and r e s u l t s  are p r e s e n t e d  i n  T a b l e  I V .  T rea t -  

ment w i t h  IhA markedly i n c r e a s e d  t h e  amount of r ecovered  l a ~ e l  i n  s t e m  p a r t s  

below t h e  s i t e  of hormone a p p l i c a t i o n , - a n d  a l o n g e r  t r e a t m n t  w i t h  Zly\ f o r  96 
3 

h r a t h e r  than 72 h, f u r t h e r  i n c r e a s e d  t h e  amount of  t h e  ' l a b e l  a t  t h e s e  s i tes  

(compare i n t e r n o d e  and hypoco ty l  i n  columns i ,  2 and 5) .  The a d d i t i o n  of GA 

a t  a c o n c e n t r a t i o n  of  20 t o  200 ppm t o  LZA d i d  n o t  f u r t h e r  a f f e c t  t i le d i s t r i -  - 
b u t i o n  o f  l a b e l  below t i =  s i t e  of hormone a p p l i c a t i o n  (compare column 2 w i t h  

columns 3 and 4) e x c e p t  f o r  one  r e a d i n g  (column 4, row 4) .  

The amount of l a b e l  i n  p a r t s  above t h e  s i te  of liornone a p p l i c a t i o n  shmed 

no c l e a r  t r e n d  e i t h e r  w i t h  r e s p e c t  t o  IAA c o n c e n t r a t i o n , d u r a t i o n  of t r e a t n e n t ,  

o r  a d d i t i o n  of CA (compare columns 1-5, rows 1 and 2).  Tkese t r e a t n e n t s  are 
D 

comparable w i t h  r e s p e c t  t o  s i t e  of  hormone a p p l i c a t i o n  and s u c r o s e  f e e d i n g  
- 

wi th  t h o s e  i n  T t l e  IfZ(raw 1, columns 1, 2, nqd 3) and seem t o  i n d i c a t e  t h a t  2 
IAA o r  IM + CA a p p l i c a t i o n  docs  n o t  a f f e c t  t h e  uptake  and t r a n s p o r t  of 

s u c r o s e  above t h e  s i t e  of  hormone a p p l i c a t i o n  i n  any s i g n i f i c a n t  way. 

4. The i n f l u e n c e  of  growth r e g u l a t o r s  on d i s t r i b u t i o n  p r o f i l e s  of  scrapc-  

f ed  suc rose -  14c 

Prev ious  exper iments  u s i n g  c u t  p e t  i o l a r  stumps had s l ~ o r ~ n  t h a t  a wound- 

r e p a i r  r e sponse  occur rcd  as callus t i s s u e  was observed a f t e r  p r e t r e a t m e n t s  

w i t h  hormoncs e s p c c i a l l y  those  i n v o l v i n g  g i b b e r e l l i c  a c i d .  They had a l s o  

i n d i c a t e d  t h e  need f o r  a n  i n c r e a s e  i n  t h e  number of  sampling sites and t h e  

number of p l a n t s  w i t h i n  each t r ea tmen t .  For t h e s e  r easons ,  t h e  s c r a p e  nethod 

(see I . ln ter ia ls  and Methods) f o r  a p p l i c a t i o n  of  hormones and s u c r o s e  was adop- 



TA
BL

E 
Y 

- D
IS

T
R

1D
U

X
O

:I
 

OF
 

SC
R

A
PE

-F
ED

 
SU

C
R

O
SE

 
- 1

4c
 A

FT
ER

 
48

iI
 P

RE
TR

EA
TM

EN
T 

W
IT

H
 H

O
RN

O
NE

S 
* 

dp
m

 

SA
M

PL
IN

G
 

SI
T

E
 

;JO
 

LA
JO

LI
N

 
CO

NT
RO

L 
(1

) 
H

or
m

on
e 

PL
A

IN
 

LA
N

O
LI

N
 

10
00

 p
pm

 
1A

A 
10

00
 p

pm
 

lA
A

+ 
C

O
N

TR
O

L 
(2

) 
(3

) 
20

0 
pp

m
 G

A
 

(4
) 

1 S
T 

T
R

IF
O

L
IA

T
E

: 
1

3
.3

0
 

FE
D

 L
EA

FL
ET

 
LA

TE
RA

L 
U

hF
L

E
T

S 
1.

76
 

PE
TI

O
LE

TT
E 

) 
1.

08
 

PE
TI

O
LE

 
1 

ki
Y 

PO
CO

TY
 L

 
1 S

T 
TR

IF
O

LI
A

TE
 

0
.2

5
 

0
.2

0
 

TO
 

PR
IM

AR
Y 

LE
AV

ES
 

X 
RE
CO
VE
RY
 

IS
O

TO
PE

 
FE

D
 

16
.8

9 
1

1
.3

1
 

IN
 

E
T

Q
i 

A
SS

A
Y

 
P
h
o
t
o
p
e
r
i
o
d
 

3
.5

/1
1

/3
.X

 
(8

00
/1

20
0/

63
0 

ET
 .C

) 
+ 

61
1 

D
ar

k 
D

ic
ro

li
tc

 L
am

p 
- 

14
c 

% 
TR

A
N

S-
 

PO
RT

ED
 

IS
O

TO
PE

 
3

.0
9

 
1.

89
 

Ad
mi

n 
. 

X 
TR

A
N

S-
 

P
O

R
T

E
D

/~
 

RE
CO

VE
RE

D 
1

8
.3

 
16

.7
 

2.
li;

A
N

 
dp

m
 V
AL
UE
 

FO
R 

E
IG

iiT
 

R
EP

LI
C

A
TE

S 
EX

PR
ZS

SE
D

 A
S 

PE
RC

EX
TA

G
E 

OF
 

A
D

X
N

IS
T

E
R

E
D

 
IS

O
TO

PE
 

LE
V

EL
S 



ted ,  t h e  number of  replicates and s a m p l i n ~  s i t e s  were i n c r e a s e d ,  and i n  

a d d i t i o n  t o  IAA and GA, t h e  s y n t h e t i c  a u x i n  2,4-D was used. C o n t r o l  p l a n t s  

r ece ived  p l a i n  l a n o l i n  o r  no  p a s t e  a p p l i c a t i o n  p r i o r  t o  s u ~ r o s e - ~ ~ ~  a d u i n i -  

s t r a t i o n .  Xf t e r  hormone p r e t r e a t r r n t  t h e  p a s t e s  were removed and a boron-! 

d e t e r g e n t  s o l u t i o n  of s u c r ~ s e - ' ~ ~  was admin i s t e red  t o  t h e  s c r a p e d  s u r f  a c e  f o r  
& - 

4 h. E i g h t  p l a n t s  were used i n  each  t r ea tmen t .  
, 

The mean dpm v a l u e s  f o r  t h e  e i g h t  p l a n t s  i n  each t r e a t m e n t  a r e  presen- 

t e d  as p e r c e n t a g e s  o f  admin i s t e red  i s o t o p e  l e v e l s  i n  T a b l e  V. The c o n t r o l  

t r e a t m e n t s  o f  sucrose-14c ( c o l ~ m  1) and t h e  p l a i n  l a n o l i n  w i t h  sucrose-14c 

( c o l m  2) i l l u s t r a t e  t h e  r ange  o f  t o t a l  r e c o v e r a b l e  l a b e l  from 16.69X t o  

l l .3lX, r c s p e c t i v e l y .  There  was a  s i m i l a r i t y  between 1000 ppm IAA (column 3) 

and t h e  s u c r o s e  c o n t r o l  (column 1) i n  t h e  p e r c e n t  of l a b e l  t r a n s l o c a t e d  

(3.29X and 3.09%, r c s p e c t i v c l y )  and i n  t h e  movement of  l a b e l  t o  l a t e r a l  l e a f -  

l e t s  of the  t r e a t e d  l e a f  ( 1 . 7 6 T  f o r  c o n t r o l s  and 2.15;; f o r  IAA t r ea tmen t .  

As expec ted ,  (column 3) enhanced t h e  b a s i p e t a l  t r a n s p o r t  o f  l a b e l  over  

the  l a n o l i n  c o n t r o l  (column 2)  b u t  s u r p r i s i n g l y ,  t h e  s y n t h e t i c  aux in  2.4-D 

d i d  n o t  induce .  a similar inc rease :  i n  f a c t ,  i f  any th ing ,  i t  depressed  t h e  

a t o t a l  amount t r a n s p o r t e d .  

IAA and GA combination t r e a t m e n t  (column 4) r e s u l t e d  i n  aximun r e t e n t i o n  

of l a b e l  i n  t h e  fed l e a f l e t  and tile l e a s t  amount t r a n s p o r t e d .  Th i s  may be 

r e l a t e d  t o  t h e  c a l l u s i n g  e f f e c t  of CA and t h e  c r e a t i o n  of a m e t a b o l i c  s i n k  i n  

t h e  f e d  l e a f  l e t .  

5. blediat ion of I A A  and TIBX i n  i s o t o p e  d i s t r i b u t i o n  from t h e  s i t e s  o f  

The e f f e c t  of IM on t h e  d i s t r i b u t i o n  of sucrose-"'c w a s  f u r t h e r  i n v e s t i -  

ga ted  w i t h  and w i t h o u t  tlrc use of 2.3.5 t r i i o d o b c n z o i c  a c i d  (TIHA) which a c t s  
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a s  an i n h i b i t o r  of the  b a s i p c t a l  t r a n s p o r t  of IAA (see L i t e r a t u r e  review). 
e 

Addi t iona l  experiments determined the  movement o f  sucrose  a f t e r  cou&ination 

TIBAIIAA t r e a t n e n t s .  Thc dependence of sucrose  t r a n s p o r t  on IAA t r a n s p o r t  

per  se and the m d t o f  IAA a c t i o n  on t h e  t r a n s p o r t  of a s s i m i l a t e s  could thus  

be inves t iga ted .  

The schedule of t rea tments  w a s  a s  follows: 

a. 

b. 

I 

C. 

d. 

The 

a 414814 h  a p p l i c a t i o n  of 

500 ppm T I M  + 1000 ppm IAA + ~ u c r o s e - ~ ~ ~  

500 ppm TIBA + l ano l i i i  + s u c r o ~ e - ~ ~ ~  

Lanolin + l a n o l i n  + sucrose-14c 

a  4/48 h  a p p l i c a t i o n  of 

500 p p  TIBA + I A A - ~ ~ C  

l a n o l i n  + UA-'*C 

a  43/4 a p p l i c a t i o n  of 

1000 ppm IM + sucrose-14c 
i 

'a 4  h  a p p l i c a t i o n  of ~ u c r o s e - ~ ~ ~  without  any hormone 

p re  t r ea tnen t .  

sucrose  s o l u t i o n  w a s  app l i ed  as a boron-detergent mixture to  the  

l ea f  s u r f a c e  a f t e r  removal of t he  l a n o l i n  paste .  

The r e s u l t s  a r e  presented as percentages  of adminis tered ( ~ a b l c  v I )  

and recovered (Table V I I )  i so tope  i n  the  6% aqueous e thanol-soluble  f rac-  

t i on .  L i t h e r  of the' two percentages  is adequate f o r  a comparison of i so tope  

l e v e l s  a t  d i f f e r e n t  s i tes w i t h i n  a t reatment ,  but f o r  conparison of i so tope  

l e v e l s  a t  the  same site between t r e a t n x n t s  i t  is b e t t e r  t o  use  t h e  percentage 

of recovered a c t i v i t y .  This  is necessary because t he  t o t a l  a c t i v i t y  re- 

covered, a f t e r  ~ u c r o s e - ~ ~ ~  feeding and aqueous e t l ~ a n o l  e x t r a c t i o n  va r i ed  from 
? 

a s  low as 18.702 t o  a s  high as 66.452 (Table V I ) .  To a l a r g e  e x t e n t  t h i s  



v a r i a t i o n  i n  recovery seems t o  be due t o  the  e x t r a c t i o n  procedure f o r  h igh ly  

colored l e a f  samples. Fur ther  d i s cus s ion  of t h e  NCS s o l u b i l i z a t i o n  s t e p  

follows l a t e r .  

Both on the  b a s i s  of percen t  adminis te rex  (Table VI) and percen t  recovered 
- 

e thano l  s o l u b l e  l a b e l  (Table VII ) ,  i t  seems c l e a r  t h a t  only s m a l l  q u a n t i t i e s  - 
of l a b e l  were t r anspo r t ed  i n  the  i n t a c t  p l an t .  

A s  shown i n  Table V I I ,  I A A  pretreatment  a t  1900 ppm l e d  t o  an increased 

t r a n s p o r t  of l a b e l  o u t  of the  f ed  l e a f l e t  t o  a l l  t he  sampling s i t e s  (cf. 

d i f f e r e n t  s i t e s  i n  column 2 w i th  those i n  column 1 ) .  This  movcmcnt was no t  

only no t i ceab l e  f o r  t h e  p e t i o l e  and stem s i t e s  ( in te rnodes  1 and 2) but  a l s o  

f o r  the  shoot  apex m d  the  second t r i f o l i a t e  a s  w e l l  as t h e  mature primary 
-. 

leaves .  Although l4c-1Ni moved i n t o  the  ka tu rc  l eaves  and l a t e r a l  l e a f  l e t s ,  

no s i m i l a r  d i s t r i b u t i o n  i n t o  the apex and -second t r i f o l i a t e  segments was observed. 
3 

This d i s t r i b u t i o n  could be  explained by a  pass ive d i f f u s i o n  between 14c-1Mi and 

the  endogeneous IAA wherein t h e  r a d i o a c t i v i t y  would be nixed and t ranspor ted  

14  
b a s i p e t a l l y  a t  the  primary l e a f  node. The subsequent d i s t r i b u t i o n  of C- 

sucrose  a f t e r  IAA treatment  (column 2) i n t o  the  apex and second t r i f o l i a t e ,  

a s  w e l l  a s  t h e  mature leaves  and l a t e r a l  l e a f l e t s  could then  be explained.  

TIUA t reatments  st 500 ppn had h igher  va lues  of 14~- suc rose  l a b e l  i n  p e t i o l e  

and the  l a t e r a l  l e a f l e t s  the  f i r s t  t r i f o l i a t e ,  but  f a r t h e r  d o m  the  s t e m  i n  

the  i n t e rnodes  and the  p r i m r y  l eaves  no marked d i f f e r e n c e  i n  t he  amounts of 

label with  t h e  t reatment  and the  comparable l a n o l i n  c o n t r o l  (compare columns 

3. and 4) was no t iceab le .  liowcver, TISA s,ccmd t o  depress  t he  t r a n s l o c a t i o n  

of t h e  ' 4~ - suc rose '  t o  the  shoot apex end t l r  second t r i f o l i a t e  (ram 4 and 5, 

coluruns 3 and 4). LAA treatment following the  TIBA treatment improved the  

l a b e l  count i n  t he  p e t i o l e  ond in te rnodes  1 and 2 i n  comparison t o  both t he  

TIUA treatment and l a n o l i n  c o n t r o l ,  and f o r  the  l a t e r a l s  of t h e  f i r s t  tri- 



f o l i a t e ,  shoot  apex and secondary t r i f o l i a t e  and primary leaves  gave mote o r  

l e s s  t he  sane p r o f i l e  as t h a t  f o r  the  l a n o l i n  c a n t r o l  (compare column 5 with 

columns 3' and 4) . C 

The e f f e c t  of 590 ppa TIBA on t h e  t r a n s l o c a t i o n  of  l 4 G U A  was very 
"L 

marked. TI= not  only i n h i b i t e d  the  t o t a l  amount of l a b e l  t r ans loca t ed  bu t  - i 

p a r t i c u l a r l y  i n h i b i t e d  t h e  l4c-1hI ,inovement i n t o  t h e  p e t i o l e  and s t e m  segments 

but a l s o  i n t o  the  l a t e r a l s  of t h e  f i r s t  t r i f o l i a t e  and t h e  mature primary 

leaves .  Only i n  r e spec t  ta the  shoot  ape& and t h e  second t r i f o l i a t e  w a s  t h e r e  
i) 

no marked d i f f e r ences  between the TIBA t r e a t e d  and t h e  l a n o l i n  c o n t r o l  ( c o k  

pare columns 6 and 7, Table VII) . 
Fur ther  grouping of sampling s i t e s  i n t o  mainline ( p e t i o l e ,  in ternodes  1 

and 2 ) ,  s i n k  (second t r i f o l i a t e ,  apex and l a t e r a l  l e a f l e t s )  and mature t i s s u e s  

7 
( t h e  primary leaves)  l ed  t o  f u r t h e r  information on the  phys io log i ca l  a c t i v i t y  

i n  t h e  sampling sites the  e f f e c t s  upon the  d i s t r i b u t i o n  of i so top i ca l l y -  

l a b e l l e d  compounds w i th in  the i n t a c t  p l an t .  

S t a t i s t i c a l  a n a l y s i s  of percen t  administered and percen t  recovered d a t a  

f o r  a l l  sites d id  no t  r evea l  s i g n i f i h a n t  d i f f e r e n c e s  between t reatments  a 
r 

(columns 1 and 2, Table VIII) , " except t h a t  f o r  p e r c e n t  recovered da t a  (column 

2) IAA s t imula ted  s u c r o ~ e - ~ ~ ~  t r a n s p o r t  t o  a l l  sites. Since s i g n i f i c a n t  

d i f f e r e n c e s  were not revealed by these  two ana lyses ,  loge t ransformat ion of 

t h e  raw dpm d a t a  were u t i l i z e d .  Also, sites were grouped.according t o  main- 

l i n e ,  s i n k  and mature t i s s u e s .  Th i s  a n a l y s i s  gave s i g n i f  i c a b t  d i f  ferenccs  
b 

a t  the 1;: l e v e l  between some sites and t x e a t m n t s  (columns 3-5). For s ink  
I' 

a r e a s  there  was no d i s t i n c t i o n  between c o n t r o l  and IM t reatment  p a t t e r n s  of 

14 
sucrose  C d i s t r i b u t i o n  implying the  predominance of a t a s i p e t a l  r a t h e r  than 

a p i c a l  in f luence  of IAA (column 4). A change i n  t h e  I4c sucrose  p r o f i l e  was 
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evident  af  ter TICA + l a n o l i n  t reatment  r e l a t i v e  t o  l a n o l i n  con t ro l ,  and 

fu r the rno re  IhA reversed TIBA.action f o r  the  mainl ine  and s i n k  areas but  no t  

f o r  the  p r i m y  leaves  (rows 5-7, columns 3-5). Despi te  t he  ev iden t  enhance- 

14 
ment of b a s i p e t a l  sucrose- C movement by IAA, t h e r e  w a s  no d i s t i n c t i o n  

between t h e  TIBA treatment  and l a n o l i n  c o n t r o l  wi th  r e s p e c t  t o  t i ~ e  movement - 
of 1 ~ t I - l ~ ~  f o r  any of t h e  sampling si tes (rows 6 and 7). 

A s  previously  mentioned, the  amount of l a b e l  recovered expressed as a 

percen t  of the  l a b e l  administered,  following e thano l  e x t r a c t i o n ,  va r i ed  

from 18.70-66.458 (Table VI) . --Percent recovery of l a b e l  was improved markedLy 

by NCS s o l u b i l i z a t i o n  of the  fed lamina samples a s  the  e t h a n o l  ex t r ac t -  

aqueous a l i q u o t  (Table I S ) .  I n  add i t i on ,  the  range of v a r i a t i o n  between 

t rea tments  was reduced t o  a  l o w  of 62.60;; (column 2) and a nigh of 75.001; 

(column 1 ) .  These r e s u l t s  suggest  t h a t  a  good d e a l  of l a b e l  a c t i v i t y  was 
\ 

'bound' and not a v a i l a b l e  f o r  counting. For s u ~ r o s e - ' ~ ~  s t u d i e s  t h i s  binding 

was p a r t i c u l a r l y  ev iden t  i n  t h e  TIBA + l a n o l i n  and the  TIBA + I A A  t reatments  

(colunns 4 and 5) .  Trea tnen ts  involv ing  l a n o l i n  only (column 3) o r  IM 

(column 2 )  a l s o  i nd i ca t ed  s u b s t a n t i a l  amounts of bound a c t i v i t y  i n  r e l a t i o n  

t o  the  'no pret reatment '  c o n t r o l  (column 1). For IAA-IOC s t u d i e s  a l s o  t he re  

was s u b s t a n t i a l  a c t i v i t y  bound i n  t h e  l a n o l i n  c o n t r o l  (colwm 6) .  Lanolin 

app l i ca t i on  by i t s e l f  (column 3) o r  wi th  hornones (colunms 2, 4, .5 and 6 )  

may have something t o  do with  t h e  binding 'of the  l a b e l ,  bu t  t h i s  assumption 

was negated by t h e  f i g u r e s  i n  column 7 where l a n o l i n  was used both f o r  IAA 

14 
and the  subsequent IAA- C a p p l i c a t i o n  and y e t  t h e r e  was only marginal  i m -  

" provement i n  dpm fol lowing MCS s o l u b i l i z a t i o n  procedures. It may be t h a t  i n  

t h i s  p a r t i c u l a r  case  t h e  'unrecovered' a c t i v i t y  was presen t  in non-base 

s o l u b l e  o r  e thanol  i n so lub l e  complexes. 
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The r e l a t i v e  d i s t r i b u t i o n  of l a b e l  between the  p e t i o l e  and stem internodes 

1 and 2 is presented i n  the form of histograms of dpm/r( f r e s h  w t  ( ~ i g u r e s  2-4). 

The b a r s  f o r  t h e  p e t i o l e  and internodes f o r  each t reatment  a r e  shown ad jacent  

t o  each o t h e r  and sepa ra t e  from s i m i l a r  b a r s  f o r  o t h e r  t reatments .  I n  ' t h i s  

p resen ta t ion ,  a comparison between d i f f e r e n t  t reatments  can be misleading 

without the  numerical d a t a  of dpn and f r e s h  weight ( see  Appendix 5 & 6) . 
Hormones of the auxin-gibberel l in  type, as w e l l  as TIBA, are k n m  t o  have 

s t rong  secondary e f f e c t s  on growth andhome of these  e f f e c t s  are ev ident  i n  

d a t a  of f r e s h  weight ( s ee  Appendix 5 6 6) . 
S t r i c t  comparisons of pe t io l e / i n t e rnode  1 r a t i o s  in d i f f e r e n t  experiments 

a r e  no t  poss ib le .  Generally the  r a t i o s  var ied  from 2.05 t o  5.71 f o r  hormone 

$ 
and i n h i b i t o r  treatments.  A hi$ pc t io le / in tenzode  1 r a t i o  i n d i c a t e s  a low 

t r anspor t  through the  p e t i o l e  i n t o  the  nore d i s t a n t  s t e m  segments. The l a rge  

v a r i a b i l i t y  ex tan t  i n  the  con t ro l  treatments,  f o r  ins tance ,  f o r  l ano l in - r a t io s  

of 8.62 (Figure 2) and 1.51 (Figure 3) and f o r  t he  suc rose -14~  only r a t i o s  

of 3.61 (Figure 2) and 0.85 (Figure  3) i s  not explained by a ' l ano l in  e f f e c t '  

and no immediate explanat ion is evident .  S tandard iza t ion  of growth and @ 

experimental  treatment regines  were maintained i n  both experiments. Generall-y, 

l o w  t r anspor t  r a t i o s  were shown by a l l  t reatments  bu t  p l a i n  l a n o l i n  + sucrose 

(Figure 2 )  and I A A  + GA (Figure 2 ) .  TI3A t reatments  permitted l e s s  t r anspor t  

of l a b e l l e d  I A A - ~ ~ C  i n t o  s t e m  segments than con t ro l s  rece iv ing  only l a n o l i n  

and U A - ~ ~ C .  The marked s t imula t ion  of s u ~ r o s e - ~ ~ ~  d i s t r i b u t i o n  i n t o  stem 

segments was demonstrated i n  IAA t reatments  (Figure  2). 

A general  r e v e r s a l  of r a t i o  occurs  f o r  1AA-14C p r o f i l e s  a • ’  ter l a n o l i n  o r  

T I 3 A  treatment when internode l l i n t e r n o d e  2 r a t h e r  than the  previous p e t i o l e /  

in ternode 1 r a t i o s  a r e  examined (Figures  4). A similar r e v e r s a l  occurs f o r  

IAA-stimulated s u ~ r o s e - ~ ~ ~  t r anspor t  (ba r s  6 and 7, Figure  3). These examples 
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FIGURE 2 - HISTOGRAM DATA FOR 1 4 c  TREATMEXI'S VITII SUCROSE 

PETIOLE 
RATIO* INTEKJODE 

1 2.4-D + SUCROSE - 1 4 c  

2 1AA + SUCROSE - 1 4 c  

3 1AA + CA + SUCROSE - 1 4 c  

4 ONLY SUCROSE - 1 4 c  

5 PLAIN LASOLIN + SUCROSE - 1 4 c  

PETIOLE 

@ IITBRYODE i - 1ST TRIFOLIATE LEAF NODE TO PRIMARY 

/" LEAVES 
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FIGURE 3 - MEDIATION OF TIUA/UA IN DISTRIDUTION OF l4c SUCROSE - 

HISTOGRAM PWSENTATIOH SITE DISTINCTION IN dpm/g FRESH 
FOR 8 REPLICATE PLANTS WITilIi? A TREATMENT 

IXTERNODE 1 
INTERNODE 2 2 . 0 0  1 . 8 1  1 . 7 9  - TREATMEST NO. 6 7 8 

w 
7, - 

TREATMENT 

6 O ~ ~ L Y  SUCROSE - 1 4 c  

7 1AA + SUCROSE - 1 4 c  
8 PLAIN LAVOLIN + P U I N  LANOLIN + SUCROSE - 14c 
9 TIBA + PLAIY LANOLIN + SUCROSE - 14C 

1 0  T I B A +  lU + SUCROSE - 14c 

PETIOLE 

INTERNODE I - FIRST TRIFOLIATE LEAP NODE TO 
PRIMARY LEAVES 

INTERNODE 2 - PRIMARY LEAVES TO CROWD LEWL 
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FICW 4 - RISTOGIUEI DATA FOR IM - 1 4 c  TREATP~ENTS SITE' DISTISCTIO~ I:{ 

dpm/g FRESii WT - FOR 8 REPLICATZ PLANTS WITH12 A TREAnfENT 

PETIOLE 
ISTEkVODE 1 

INTERYODE 1 
INTERiJODE 2 

TREATMENT NO. 

* d p m l g  FRESH WT 

1 1  PLAIN I.&IOLIN + 1A.A - 14C 
.- 

12 TI% + IAA - 14c  

PETIOLE. 

IXTERNODE 1 - 1ST TRIlQLIATC LEAF XODE TO 



dei ionstra te  a  low t r a n s p o r t  by high t r a n s p o r t  i n  t he  

lower stem areas .  This  e f f e c t  would be 
14 

t ed  f o r  TIM-inhib i ted  I M -  C 

movement as TIBA in f luence  s e e m d  t o  markedly d e c l i n e  wi th  i nc rea s ing  d i s -  

t ance  from the  s i te  of adminis t ra t ion .  I so tope  l e v e l s  i n  t h e  in te rnode  2 

segnent would then make t h e  r a t i o  l a r g e r .  The low i n i t i a l  t r a n s p o r t  of 

14 
- 

_usucrose- C with IAA is i n d i c a t i v e  of t he  l a rge  i nc rease  i n  l a b c l  i n  s t e n  

reg ions  of the  i n t e rnode  2 area .  

Discussion 

An attempt w a s  made i n  t h i s  t h e s i s  t o  s tudy the  e f f e c t s  of s e l e c t e d 4 o r -  
/' 

14 
nones on t r ans loca t ion  of l a b e l l e d  sucrose  and t r a n s l o c a t i o n  of C-IAA i n  

i n t a c t  bean p l an t s .  I n  c o n t r a s t  t o  the  work w i t h  i s o l a t e d  s t e m  o r  p e t i o l a r  

segments and 'donor-receiver agar  blocks,  w h i c h  h a s  t he  advantage of quick 

anaLysis under r i go rous ly  c o n t r o l l e d  experimental  condi t ions ,  the  use of 

i n t a c t  p l a n t s ,  d e s p i t e  c a r e f u l  a t t e n t i o n  t o  the  uniformity  of seed source  and 

~ r a v t h  condi t ions ,  in t roduces  a  l a r g e  i nhe ren t  v a r i a b i l i t y  f ac to r .  I n  my 

experiments t he re  were o f t e n  l a rge  v a r i a t i o n s  between ind iv idua l  p l a n t s  of a  

p a r t i c u l a r  treatment which precluded s t a t i s t i c a l  a n a l y s i s  and s t r i c t  conpari-  

sons between d i f f e r e n t  exper inents .  Consequently, t h e  r e s u l t s  should be taken 

more as i n d i c a t i v e  of t r ends  r a t h e r  than a s  abso lu t e  values .  D i f f e r en t  

methods were used f o r  d a t a  expression- dpn va lues ,  percen t  of ra$ ioac t iv i ty  

administered,  percent  of the  e thano l  so lub l e  a c t i v i t y  recovered,  and h i s t o -  
*, 

grams of dpm/gm f r e s h  vt-which g raph ica l l y  i l l u s t r a t e  the  trends. .  These 

t r ends  a r e  discussed i n  t h e  fol lowing pages, supplcnented whereever pos s ib l e  

by s t a t i s t i c a l  analyses .  

Anong the  hornone* t e s t e d ,  t he  n a t u r a l  auxin I M  d e f i n i t e l y  promoted thc  



b a s i p e t a l  t r a n s p o r t  of l a b e l l e d  s u c r o s e  (Tables  11 - VIII). The combination 

of IM + w i t h  CA d i d  n o t  .cnlianc'c thc  t r a n s p o r t  of t h c  l a b e l  n o r e  t h a n  IAA o r  

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

i n  t h e  fcd l e a f  (Table V) . Thcsc r c s u l t s  are i n  c o n t r a s t  t o  t h o s e  r e p o r t e d  

by Varcing and h i s  a s s o c i a t e s  (Dav ics  and G s r e i n g ,  1965; S e t h  and Warcing, 

1964, 1967) and I!ul l ins (1370) vllcrc 1 1 4  and GI i n  combination w i t 1 1  k i n e t i n  

or bcnzyl-adenine were r e p o r t c d  t o  cnhnoce thc t r a n s l o c a t i o n  of  1 4 ~  o r  3 2 ~  

o v e r  IAA or c o n t r o l  t r c a t m c n t s .  They a r c  a l s o  i n  c o n t r a s t  t o  t h o s e  r e p o r t e d  

by IIew (1965) and Hew c t  a1 (1367) wherc con t inucd  1AA-t GA t r c a t n c n t s  re- 

s u l t e d  i n  g r e a t e r  t r a n s l o c a t i o n  of  "'c tilan by IM a lone .  The e x p l a n a t i o n  

seems t o  be  t h a t  a l l  t h e  above-nrl..nctl a u t h o r s  a p p l i e d  tllc hornoncs  t o  t h e  dc- 

c a p i t a t c d  s t c n  apex and t h e  l a b c l  t o  tl:c basal primary l e a f .  A c o n d i t i o n  s i m i l a r  

t o  t h e  me tabo l i c  s i n k  w a s  t h u s  crcntcd a t  t h e  stem apex  and t h e  l a b e l  moved a c r o -  

p e t a l l y  t o  t h e  s i n k .  Both GA and c y t o k i n i n s ,  such  a s  k i n e t i n  and benzyl-ade l' i n e ,  

are known t o  induce  c e l l  d i v i s i o n s  and growth ( s e e  Cle land  and Burstrom, 

Kende, 1971),  and Shindy and Weavcr (1967) and Q u i n l a n  and Weaver (1970) h 

14 
shown t h a t  CA a l o n e  can cause C a s s i m i l a t e  movement i n  g r a p e  v i n e  presumably by 

c r e a t i n g  m c t a b o l i c  s i n k s .  I n  ny c x p c r i r ~ e n t s  a l s o  t h e  h i g h e r  r e t e n t i o n  of  

l a b c l l e d  s u c r o s e  i n  t h e  fed l e a f  f o l l o \ , - i n ~ .  ZbA + GA t r e a t m e n t  i n  conpar i son  

t o  i n  IAA o r  c o n t r o l  t r c a t m c n t s  is probab ly  due t o  t h i s  GA e f f e c t .  \ h a t  is 

s t r i k i n g  is t h a t  i n  t h e  e x p c r i r w n t s  of \!arcing and a s s o c i a t e s  and X u l l i n s  

r e f e r r e d  t o  above GA o r  c y t o L i n i n s  a p p l i e d  s i n g l y  d i d  n o t ,  whcrcas 

I A A  a p p l i e d  a l o n e  d i d  p r o n o t c  t h c  s c r o p c t a l  t r a n s p o r t  o f  l a b e l .  From 
% 

t h e s e  and my exper imen t s ,  the rcZorc ,  it. s e c m  t h a t  IM promotes both b a s i -  

p e t a l  and a c r o p c t a l  t r a n s p o r t  of Labcl b u t  t h a t  t h e  a c r o p e t a l  t r a n s p o r t  is 

f u r  t h c r  cnhanccd by a s y n e r g i s t i c  a c t i o n  of GA and /o r  c y t o k i n i n s  . 



Fly r c s u l t s  f u r t h e r  

a s  t h e  concentra t ion of 

i n d i c a t e  t h a t  the  s i te  of a p p l i c a t i o n  of IAA a s  w e l l  

hormone and du ra t i on  of t reatment  have an  e f f e c t  on 

the t r a n s l o c a t i o n  of l a b e l l e d  sucrose. A s  shown i n  experiment 2,  i f  I M  is 

appl ied  a t  t he  same s i t e  a s  eYIe subsequent app l i ca t i on  of sucrose ,  i n  t h i s  

case t h e  p e t i o l a r  stump of t he  second t r i f o l i a t e ,  f a r  more l a b e l  is t r ans lo -  - 
ca ted  b a s i p e t a l l y  than i f  IAA i s  appl ied  t o  the  decap i t a t ed  stem apex and 

the sucrose  is  app l i ed  t o  t he  second t r i f o l i a t e .  Fu r themore ,  both e x ~ e r i -  

ments 2 and 3 show t h a t  t h e  movement of the  l a b e l  i n  s i t e s  topographical ly  

above the  s i t e  of the  hornone a p p l i c a t i o n  is unaf fec ted  by the  hormone. 

A 1  though s t r i c t  c o n t r o l s  a r e  lacking,  these  two experiments f u r  t h c r  suggest  

t h a t  an increase  i n  IAA concent ra t ion  from 100 t o  1000 ppm and du ra t i on  of 

t reatment  from 24 t o  72 o r  72 t o  96 h have a f u r t h e r  promotive e f f e c t  on 

t r a n s p o r t  of l a b e l  below the s i te  of hormone a p p l i c a t i o n  <compare columns 1 

and 3 i n  Table 111 and 2 and 5 i n  Table  IV). 

I n  t he  l i t e r a t u r e  i t  has been repor ted  t h a t  a one o rde r  of nragnitude 

i nc rease  i n  concentra t ion of 2,4-D induced g r e a t e r  growth of p l a n t  t i s s u e  

than a f  our-fold i nc rea se  i n  IAA when concent ra t ions  ranged between 0.01- 

0.10 mg/l and 0.001-10.00 mg/1 l a n o l i n ,  r e s p e c t i v e l y  ( C r a f t s ,  1961). Sames 

(1950) a l s o  reported a p r o l i f e r a t i o n  of phloem parenchyma wi th  hiell doses 

of 2.4-D; and Leonard e-t a 1  (1968) were a b l e  t o  induce movement of l4c 

a s s i m i l a t e  from a primary l e a f  of bean t o  the  oppos i te  primary l e a f  by pre- 

t r e a t i n g  the l a t t e r  w i th  10,000 ppn 2,4-D. In  my experiments 2,4-D had l i t t l e  

o r  no e f f e c t  on t r a n s p o r t  of l a b e l l e d  sucrose;  i f  anythfng,  i t  depressed 

the  t o t a l  amount t ranspor ted  (Table V). Davies and J a r e i n g  (1968) a l s o  noted 

14 the  lack  of 2.4-D e f f e c t  on a c r o p e t a l  t r a n s p o r t  of C i n  pea p l a n t s .  Be- 

' cause of the  known low v e l o c i t y  of 2.4-D movement ( s ee  L i t e r a t u r e  review) 



and t h e  p o s s i b l e  h e r b i c i d a l  daragc caused by l a r g e  c o n c e n t r a t i o n s ,  on ly  5 ppn 
I 

2,4-D was used i n  my c x p c r i n c n t s  b u t  t h e  i n c u b a t i o n  t i n e  was i n c r e a s e d  t o  72 

h a s  opposed t o  48 h f o r  mA. I t  i s  p o s s i b l c  t h a t  t h i s  c o n c e n t r a t i o n  was t o o  

l o w  to havc any e f f e c t  on Lasipctal  t r a n s p o r t  of t h e  l a b e l .  , I t  is a l s o  

p o s s i b l e  t h a t  some of t h e  a p p l i c d  2,4-D was w t a b o l i z c d  f o r  Fang e t  41 

(1951) r e p o r t e d  a loss  of 17.5:; a c t i v i t y  from 1 3 1 ~ - l a b e l l e d  2,4-0 a f t e r  a 3 

,day pe r iod .  

As a n a l y s c d  i n  d e t a i l  e a r l i c r  (Table  VI and VII), IAA a t  1000 ppm s i g -  

n i f i c a n t l y  enhanced t h e  t o t a l  acoun t  of 1 4 ~ - s u c r o s e  t r a n s l o c a t e d  from t h c  f e d  

l e a f  w i t h  i t  b e i n g  c v i d c n t  nost nl m a i n l i n e  s e g n c n t s  of p e t i o l e  and stem. 

I n  c o n t r a s t  t h e  t r a n s l o c a t i o n  of l n b c l  t o  t h e  s i n k  a r e a s ,  p a r t i c u l a r l y  s h o o t  

apex, was n o t  s t a t i s t i c a l l y  d i i f c r c n t  from the  two c o n t r o l s .  For  t r a n s l o c a t i o n  

o f  l a b e l  t o  t h e  n a t u r e  p r i m r y  l c n v e s  t h e  IM t r ea tmen t  d i f f e r e d  s i g n i f i c a n t l y  

from one c o n t r o l  b u t  no,t t h e  o ther .  1t' is w c l l  knmm t h a t  s h o o t  a p i c e s  and  

youiig l e a v e s  a r e  r i c h  s o u r c e s  o f r  cndogeneous a u x i n s  and t h a t  the t r a n s p o r t  

of IAA i n  i n t a c t  p l a n t s  a s  well a s  i s o l a t e d  segments is s t r o n g l y  p o l a r  and 

b a s i p c t n l  ( s e e  L i t e r a t u r e  rcvicw) . I t  appears ,  t h e r e f o r e ,  t h a t  IAA s t i m u l a t e s  

some p r o c e s s  o r  p r o c c s s c s  ' i n  long d i s t a n c e  t r a n s p o r t  of t h e  p h o t o a s s i m i l a t e .  

Tha t  thc  t r a n s l o c a t  i o n  t o  s i n k  n r c a s  reclained unaf f  c c t e d  under IAA t r ea tmen t  

is probably" due t o  t h e  f a c t  t h a t  thcsc a r e a s  a r e  t h e n s e l v e s  r i c h  i n  cndogcneous 

a u x i n .  

To f u r t h e r  a s c e r t a i n  t h a t  XAA is involved i n  t r a n s p o r t  6•’ photoass imi-  

14 l a t e ,  t h c  t r a n s p o r t  o f  C-sucrosc undcr t h e  inf-2ucnce of  I M  w i t h  and ~ r i t l l -  

Out t h e  use  of  TI3A was s t u d i e d .  A 4  h a p p l i c a t i o n  of 500 ppm TIIIA, 48 11 

b e f o r e  t he  a p p l i c a t i o n  of 14c- s u c r o s e ,  s i g n i f  i c a n t l y  a l t e r e d  t h e  d i s  t r i b u -  

t ion of t h e  l a b e l  t o  a l l  3 sites- t l ~ c  n u i n l i n e ,  s i n k  and mature regions-- 

BF 

i n  r c s p c c t  t o  l a n o l i n  c o n t r o l  (Tnhle VIII ; see R e s u l t s  f o r  d e t a i l s ) .  A 4 8  



h a p p l i c a t i o n  of  1000 pprn IAA following the TI3A app l i ca t ion ,  halrever, re- 

s to red  the d i s t r i b u t i o n  seen i n  the l a n o l i n  control ,  except  f o r  the  mature 

t i s s u e s  (Table ~11). This  s i m i l a r i t y  between t h e  l a n o l i n  c o n t r o l  and the  

, TIBA + IAA treatment i n  the  d i s t r i b u t i o n  of 14c activity impl ies  s ' n eu t r a l i -  
4 

za t ion '  r o l e  f o r  the  exogeneous IAA on t h e  i n h i b i t o r y  a c t i o n  of t he  TIM. - 
Table VI f p r t h e r  revealed a higher  recovery va lue  f o r  14c a c t i v i t y  i n  the  

mainline sites f o r  TIBA + IAA treatment than f o r  TIBA o r  l a n o l i n  c o n t r o l  and 

f ur thernore  t ha t  the  recovery was propor t iona l ly  h igher  i n  t he  more d i s t a n t  

mainline sit&, namely in te rnodes  1 and 2,  than i n  t he  p e t i o l e  ( s ee  a l s o  - 
- -  ba r s  3-10, Figure 3). This  nay be due t o  a h igher  mobi l i ty  of IAA than f o r  

TI3A such t h a t  i n  t h e  lower n a i n l i n e  si tes not  t he  i n h i b i t o r y  a c t i o n  of TI3A . 

but  only t h e  s t i rnulatory e f f e c t  of IM was observed. Interestingly, l a t e r a l  

l ea f  l e t s  of the f i r s t  t r i f o l i a t e  received more a c t i v i t y '  a f  tcr TIBA treatment 

than i n  the  l ano l in  cont ro ls .  I f  auxin s t imu la t e s  t h c  d i s t r i b u t i o n  of 

sucrose-14€ and T I M  i n h i b i t s  b a s i p e t a l  auxin d i s t r i b u t i o n  how can rile lateral 

l ea f  lets  rece ive  h igher  a c t i v i t y  l e v e l s  than the con t ro l ?  A s  reviewed by 

Goldsnith (1969) the  weak auxin a c t i o n  of TIBA may e q l a i n  t h i s  apparent 

anomly .  TIBA apparen t ly  abo l i shes  the b a s i p e t a l  and enhances the  ac rope ta l  

t r anspor t  o f -  auxin. 

Transport  of 1 4 c - d  under t he  inf  lucnca of TIM provided f u r t h e r  in for -  

mation on t h e  r o l e  of auxin i n  t r a n s p o r t  processes.  TIBA a l ready  had a 

s t rong  i n h i b i t o r y  a c t i o n  on the t o t a l  mobi l i ty  as wel l  as t he  b 'as ipetal  

t r anspor t  of 14C-IAA (columns 6 and 7, Table "11). For t o t a l  m b i l i t y  an 

i n h i b i t i o n  of nea r ly  6 5 . C  and f o r  mainline t r a n s p o r t  h i n h i b i t i o n  of 

70.92 w a s  observed. These values  are comparable t o  though no t  as high as 

t h e  100Z i n h i b i t i o n  noted my Hu l l in s  (1970) f o r  t he  b a s i p e t a l  t r ans loca t ion  



I 
1 

14 
of C - I M  by 500 ppm TIM. I n  co:ltr:t.st t o  t h e  b a s i p e t a l  novemcnt, t he  t ran-  

s p o r t  of %-IM t o  t he  second t r i f o l i a t e  and shoot  apex was n o t  i n h i b i t e d  L 
by TIM. I t  i s  p o s s i b l e  t h a t  as  n r p s u l t  of TI9A i n h i b i t i o n  of auxin t r ans -  

p o r t ,  t1:e a p i c a l  s i t e s  are int1ucl.d t o  s~nthcsisc mare auxln.  This  augmented 

auxin a c t i v i t y  i n  t h e  a p i c a l  rcp,io:lr; tmuld exp la in  an increased  14~- suc rose  

t r a n s p o r t  t o  the shoot apex utldcr TI!l.l t r ca t lmnt .  I t  tiould a l s o  exp la in  t h e  
1 

presence of 14c-1td i n  thc  shoot apr:: and second t r i f o l i a t e  a s  t h e  high l e v e l s  

of exoscnous auxins i n  tlicse reg ions   ray bc a b l e  t o  excll=inge w i th  t h e  exo- ' 

geneously suppl ied  14c-IA~ over L i i c  s!iort d i s  tonccs  involved.  Although t h e  

above m n t i o n e d  conclusions  fol lov f r o r ~  nn a n a l y s i s  of Table VII, a statis- 

t i c a l  a n a l y s i s  of t h e  recovcry d2.t a rcl.cnfcd no s i w i f  i c a n t  d i f f e r e n c e s  a t  

the  1% l c v e l  betwccn t h e  1 4 ~ - ~ ~ ~ 1  t r m n ~ o r t  i n  the  l a n o l i n  c o n t r o l  and TIYA 

t r e a t e d  c u t e r i a l  (Table VIII). Tl,is l a c k  of s t a t i s t i c a l  conf i rmat ion w a s  

probably due t o  the  very 11igl1 v a r i i b i l i t y  between i n d i v i d u a l  p l a n t s  and thc 

smal l  saiple s i z e .  

llow does  IM promote the t r m s l c c a t i o n  of p h o t o a s s i n i l a t e s ?  There is 

no p r e c i s e  answer t o  t h i s  ques t ion  I)c~cause, d c s p i t c  ex t ens ive  i n v e s t i g a t i o n s ,  

the  p r M r y  t a r g e t  and mode of a c t i o n  of IAA remain completely un1inot.m. 

Among t h e  va r ious  s u ~ c s t i o n s  i n  thc l i t ~ r ~ a t u r c ,  IAA has been repor ted  t o  

a f f e c t  gene a c r i v a t i o n  (Horcland, l m ) ,  MIA netabol i sm (Trcwnvss, 1368 a ,  

b , ) ,  p r o t e i n  and polysacchariric syrt 11t:sis ( iky  and I n ~ l c ,  1968: Abdul-Saki 

and  Ray, 1370,) and increased respiration r a t e s  i n  t h e  presence of metabolic 

s u b s t r a t e s  ( C l e l a ~ d ,  1961). Arisz  (1969) d i s t i ny ,u i s l~cd  betwccn the  t rans-  

p o r t  of exogencous and cndogcncous au::ins and s u ~ g e s t c d ,  a f t e r  i n v e s t i g a t i o n s  

of e l e c t r i c a l  p o t e n t i a l  and cot~cc.ntrnt ion g rad i en t s ,  t h a t  an a c t i v e  lucnbrsnc 

was not involvcd but t h a t  cncrcy- intc.:r;\tcd r c l n t i o n s h i p s  wi th  t h e  endo- 
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plasmic-reticulun-plasmodesmatal complq~es  were necessary.  IIager e t a l (  137 1)' 

s q g p s t e d  t h a t  aux in  ac ted  co-operatively wi th  GTP o r  ITP ' ( ~ \ l an ine  t r i  phos- 

phate o r  i nos ine  tr i-phosphate) as an e f f e c t o r  of a  membrane-bound a n i s o t r o p i c  

ATPase o r  a  proton pump. S t i l l  o t h e r s  have suggested t h a t  auxin increased  

----- ,riiembrane permeabi l i ty  by a l t e r i n g  '$re s i z e s '  (Ursino, Fensom and Yelson, - - \  3 *-, i 

1964) . Suggestions on I h l  a c t i o n  on t r a n s l o c a t i o n  of photoass imi la te  a r e  

ra re .  Bidwell e t  a1 (1968) s-uggested t h a t  IAA s t imula ted  turnover of the  
ki 

Calvin cyc le  intermed5ates, and Hew (1965) repor ted  a l t e r e d  photosynthe t ic  

r a t e s  and increased sucrose novbnent i n  soybeans as a r e s u l t  of 100 ppm UU 
P 

t r e a t n e n t .  dowen and idareing (1971) noted t h a t  t h e  amounts of IAA and s o m  

s y n t h e t i c  auxins  t r a v e l l i n g  down the s t e n  could be r e l a t e d  t~ the  q u a n t i t i e s  
T 

of metabol i t es  moved upwards. F ina l ly ,  ? iu l l ins  ( 1973) repoqted t h a t  auxin 

nay a f f e c t  t r ans loca t  i on  through a growth senescence e f f e c t  o r  'by d i r e c t  

a c t i o n  on a  t r ans loca t ion  regula tory  cen t r e ' .  

From these  var ious  suggest ions ,  i t  seems t h a t  IAA may s t l m u l a t s  basi -  

p e t a l  t r anspo r t  of a s s i m i l a t e  by i nc reas ing  the photosynthe t ic  r a t e s  i n  t h e  
a 

f e d  l e a f  thereby augmenting t he  source.  This  was not  ev iden t  1m my i nves t i -  

ga t i ons  of photosynthe t ic  r a t e s  a f t e r  IAA pretreatment .  I t  m y  a l s o  i d ~ r c a s e  
I .  

the  r e s p i r a t o r y  r a t e  as well as uembrane p e r m a b i l i t y  a t  t h e  feeding site and/ 

o r  a long the  t r ans loca t ion  pathway, thus  s t imu la t i ng  t he  load ing  and unload- 

i n g  phenomena whkh  r e q u i r e  energy. I f  I A A  a c t s  in. any o r  a l l  of the  above . 
ways its a c t i o n  would be pr imar i ly  cen te red  i n  parenchyma cells of t he  t rans- '  

p o r t  system and would not neoate t h e  pressure  f l w  hypothesis  of lon d i s t a n c e '  f - c 

t r anspo r t .  Alternatively, IAA may have a more d i r e c t  e f f e c t  on t y y a i e v e  
J 4 Z 

tube p r o t o p l a s t  and the  enzymes loca ted  on s i e v e  tube membranes e s p e c i a l l y  

along the  s i e v e  p l a t e s .  I f  I A A  a c t s  a t  t h i s  latter site some form of a c t i v a t e d  
--- 1 

d i f f u s i o n  seems the  mo$r l i k e l y  explanat ion f o r  phloem t r anspo r t .  



1. The wound-repair r e sponse  induced by ' f l ap - feed ing '  was circumvented w i t h  

t h e  ' s c rape '  a d m i n i s t r a t i o n  of r a d i o a c t i v e  compounds t o  t5e f i r s t  tri- 

f o l i a t e  l e a f  le ts  of t h e  i n t a c t  p l a n t .  

s 2. A va r i , a  t i o n  i n  n e t  p h o t o s y n t h e t i c  - r a t e  (Pn) a f t e r  hormoAe p r e t r e a t m e n t  

was n o t  e v i d e n t .  

3.  Both t h e  s i t e  and d u r a t i o n  of hormone p r e t r e a t m e n t  w i t h  IAA a f f e c t e d  t h e  

d i s t r i b u t i o n  of l a b e l l e d  s u c r o s e .  

, A. IAA, a t  100 and 1000 ppn c o n c e n t r a t i o n s ,  augmented t h e  d i s t r i b u t i o n  of 
F?/ 

l a b e l l e d  s u c r o s e  b u t  the  s y n t h e t i c  aux in ,  2,4-D, and combination IAA + 

CA t r e a t m e n t s  a t  low& c o n c e n t r a t i o n s  d i d  n o t  s t i rnula- te  t r a n s p o r t  of 

l a b e l  from t h e  fed  l e a f .  

5 .  The a i s t r i b u t i o n  p r d f i l e  f o r  14C-1A~ was e s t a b l i s h e d  f o r  n u i n l i n e  and 

s i n k  sites a long  t h e  t r a n s p o r t  pathway w i t h i n  t h e  i n t a c t  p l a n t .  

14 
6. Even though t h e  pathway, v e l o c i t y  and mechanism of C-IAA t r a n s p o r t  

14 
seem t o  be d i f f e r e n t  from t n a t  o f  C-sucrose, IAA does  seem t o  have 

a s p e c i f i c  e f f e c t  on t h e  t r a n s l o c a t i o n  of suc rose .  

\ 7. T U A  + l a n o l i n  provided mxirnal  i n h i b i t i o n  of 65: of aux in  b a s i p e t a l  

'L 
t r a n s p o r t  r e l a t i v e  t o  the  s l i g h t l y  s t i m u l a t o r y  a c t i o n  induced by t h e  

TIBA + IAA t r e a t s e n t s  over  the  c o n t o l s .  I n  t h e  l a t t e r  c a s e  an apparen t  

' n e u t r a l i z a t i o n '  o f  TISA i n h i b i t i o n  of 1abel . led s u c r o s e  illovement by t h e  
m 

exogeneous IAA supp ly  a l l o t c d  t h e  endogeneous aux ins  t o  s t i m u l a t e  l a b e l  

d i s t r i b u t i o n  above l e v e l s  i n  t h e  c o n t r o l s .  

8. The r e l a t i o n s h i p ' o f  'innnobilc' t o  t r a n s p o r t e d  a c t i v i t y  a f t e r  e thano l -  

NCS s o l u b i l i z n t i o n  proced"res v a r i e d  only  s l i g h t l y  between t h e  t r e a t w n t s  

inva lved  v l t h  sucrose-  14c. Values ranged from 62 t o  75: f o r  suc rose -  



14c recovery whi le  14c-1fi va lues  remained a t  452 of the  l a b e l  t rans lo-  

cated.  The a c t u a l  amount of l a b e l  t ranspor ted  from t h e  fed l e a f  r e l a t i v e  

t o  the  q u a n t i t i e s  of i so tope  administered var ied  from 2.93 t o  12.252 

f o r  sucrose- 14c and from 2.46 t o  7.202 f o r  IM- 14c. I n  the  l i t ter  

case ,  formation of IAA-con juga te compounds t h a t  may be phys io log ica l ly  - 
i n a c t i v e  could con t r i bu t e  t o  t h e  ' i m b i l e '  phase. 

9. I n t e r p r e t a t i o n  of d a t a  from histogram p re sen t a t i on  of dplo/g f r e s h  w t  

should be conducted. with cau t ion .  Information on the  a c t u a l  weights 

and average dpm should be-ava i lab le  when p e t i o l e / i n t c r n o d e  1 and i n t e r -  

node l / i n t e rnode  2  r a t i o n s  a r e  evaluated f o r  the  e f f e c t s  of hornones i n  

, 
t r anspo r t  phenomena. 

10. T h e a e d i a t i o n  of growth r egu la to r s t and  i n h i b i t o r s  provides  a t o o l  f o r  

B 
f u r t h e r  i n v e s t i g a t i o n s  of t r anspo r t  phenomena. 

\ 
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COiJTENTS OF TXE APPENDIX 

1. S p e c i f i c  a c t i v i t y  and source  of radio-isotopes 
P 

2. Raw d a t a  a s  d i s i n t e g r a t i o n s  per  minute from e thanol  e x t r a c t i o n s  of, 

t i s s u e  samples i n  e q e r i m e n t  4 

3. Raw d a t a  a s  d i s i n t e g r a t i o n s  p e r  minute from e thano l  e x t r a c t i o n  

t i s s u e  samples i n  experiment 5 - I 

4 .  For t ran  programs used f o r  dg ta  ana lys i s :  

a. Two way a n a l y s i s  of var iance  

b. Bartle tt 's test' f o r  hoclogenei t y  of var iances  
I 

c. One way a n a l y s i s  of- va r i ance  

14 5. Data f o r  histograms a s  dpm/g f r e s h  w t  f o r  experiment 4 d a t a  of C- 

. sucrose  d i s t r i b u t i o n  

6 .  Data f o r  histograms a s  dpnlg f r e s h  v t  f o r  experiment 5 d a t a  of 14c- 

sucrose and 14c-1AA d i s t r i b u t i o n  
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S p e c i f i c  A c t i v i t y  6 Source o f  Radio-isotopes 

S p e c i f i c  A c t i v i t y  source  

600 mc/nmroi* I Amersham-Searle 

52 m~/mmol* Amershan-Sear l e  
.e 

NCS tm Amersham S e a r l e  - a quaternary ammonium base  i n  to luene 

14 * equivalent  t o  294 ~C/rng as 3- indolyl  ( a c e t i c  a c i d  -2 - C) 

* equiva lent  t o  1.67 mC/rng or  SOX i s o t o p i c  abundance i n  all carbon 

atoms i n  t h i s  uniformly l a b e l l e d  sample 



APPENDIX 2 

Raw Data (disintegrations per minute) from E,thanol extractions of t i ssue  
samples i n  experiment 4 

avLy SAEIPLINC 24W IAA+ IAA+GA+ 
S I T Z S  SUCROSE 14c SUCROSE 14c SUCROSZ 14c SUCROSE 14c 

fed leaf 1 
(IST) 2 

3 
4 
5 
6 
7 
8 

lateral  1 
l ea f l e t s  2 
(IST) 3 

4 
5 
6 

P e t i o l e  1 
2 
3 
4 
5 
6 
7 
8 

S t e m  1 1 
2 
3 
4. 
5 
6 
7 
8 

ADMIXISTEKED SUCROSE 14c (a) 4 .8  x 10' dpm LEVEL 
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APPENDIX 4 9  

F o r t r a n  programs used f o r  d a t a  analysis: 

a,  Two way a n a l y s i s  of v a r i a n c e  

1-81 E 
0 1 - 0 5  A ?RO!JS , COLLX?lS , REPS. ? , ! , "EST. GRAXD 1ICAN1'C!1, ! . 
01.10 *; F J=l,RO; T %2,!"RO;JU~;D 2:s SR=SR+RS(J)+2 
01.12 F K=l ,CO;  S SC-SC+CS(K)+2 - 
01. 15 S GI!=GS/(RO*CO*RE) ; S CI=GS+~/(RO*CO*RE) 
01.12 S RC=SR/(CO*R.E)+SC/(RO*RE) 
Q1.20 T !!,"ASALYSIS OF VARIANCE TABLE:",!:: 
01 -25  S ST=GZ-CT;S SR=SR/(CO*FG)-CT;S SC=SC/(RO*RE)-CT 
81.30 S SE=GZ-(SI/RE) ;S SI=(SI/W)+CT-RC 
01.35 T " IrARIATIOiJ " . DF SS IS",:! 
$1-40  T 2 ,"RO!JS: "R0-1,2 , I '  "SR, "SR/ (RO- 1) , ! ! 
01.58 T %~,"COLDYYS: %O-l,,":," "sc," "sc/(O-l), !! 
01.60 T 24, "IIITEUCTION: " (RO-,I) * (CO- 1) ,Z,  " "SI 
01.65 T " "sIX((RO-~)*(co-I)), !! 
01.70 T :L~,"ER~OR: "RO*CO*(RE-1) ,%, I ' ' "SE 
01.75 T " "SE / (RO*CO* (RE- 1) ) , f ! 
01.60 T  TOTAL:' L 1 l ~ ~ * ~ ~ * ~ ~ - l ,  2,  l1 "ST, !'! 
01.85 T "GRAND FWI" GN,!:;*;Q 

03.05 S X=@; S ?:?=a 
g3.16 F P t l ,  RE; A S; S S=X+(S-EM) ; S X2=X2+(S-EY)+2 
B3.15 S P,S(J)=RS(J)+X;S SI==SI+ji+2 
93.20 S GS=GS+>L; S G2=G2+X2 

b. - S a r t l e t t l s  t e s t  for h o n o ~ e n e i t v  of variances 



APPENDLX 4 (Continued) 

One. way a n a l y s i s  of va r i ance  

02.0 1 S 1-1 (J) =-s /a (J)  ;S K=:1 (J)-1 ; S  S:i=@; s SN=SN+;J ( J) 
02.02 F Pm1 ,:l(J) ; S SXPSX+(X(P)-?!(J))+2 
02.03 S V(J)=S:./i:;s SD-FS~T(V(J));T != 
@2.@4 T "C~.OL!P DF !.@:AN VARI AX c STAUD. DE;V.'I , : 
82.06 T X 2  J," " 9 I;, " ";T 2,  M(J) ," " ,v(J) ,"  " I t v ,SD,. . . 
03.01 F J- i,C;S S~-SI ;+~J(J)  *(!4(J) 4 B j + x ; S  s;J-si:+(EI(J)-l)*v(~) 

a 

(63.g2 S X+G-1;s >Cs;=S3/;iL;;S ST=S>SW 
03.63 F J-1, C; S i<w-l;~+(d (J) -1) 
fl3. fl4 S KT=SiHiiW; S hnJISV/EW 
d3.05 ! " VARIATI OiJ bF S S 

II 
:is", ! ! 

63.06 T %4 ,"L;E'IT'.EE:J: !:Y; T 2 ,-I "sB,@@ 
I I 

"m3, ! ! 
03.67 T X4, "WIT~~IN: CJ;T 2," "SW," 

11 
l'xLl, ! ! 

63.P8 T  TOTAL: LT ; T :!, 11 "ST,! ! ! 
d3.09 T "RATIO: 3ET;IIEEN/IJITHIN1@, tIS/;!W, ! ! ;() 
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APPENDIX 5 

~ a t a  f o r  lliktograms - dpm/gran f r e s h  weight - sucrose  14c d i s t r i b u t i o n  
p a t t e r n s .  Figure represents  average o f  8 plants. 

TkiXTI-EiiT 
clpm 

SAXPLING GRAM FRESH AVERAGE gram fre h w t :  0 RAT I 0  
SITE WEIGIT (GM) dpm x 10 

2,4-D + 
s u c r o s e  1 4 ~  P e t i o l e  

Internode 1 

IAP; + 
Sucrose 14c P e t i o l e  

Internode 1 

Internode 1 

Only Sucrose 
1 4 ~  P e t i o l e  

Internode 1 

Lanolin + 
Sucrose 14c P e t i o l e  .180 65 19 3.62 

8.62 
Internode 1 .220 925 .42 



APPENDIX 6 

Histogram presentation- of TIBA - IAA mediation of sucrose - 14c distribution. 
Figures represent average of 8 plants. 

only 
Sucrose ' 4 ~  

m +  
Sucrose ' 4 ~  

Lanolin + 
Lanolin + 
Sucrose 1 4 ~  

TIbA + 
Lanolin + 
Sucrose ' 4 ~  

J 

TIUA + IM + 
Sucrose 1 4 ~  

SA'PLIYG GRAM FRES11 AVERAGE 
SITE WEIGiIT (GM) dpm 

Petiole 

Internode 1 

Internode 2 

Petiole 

Internode 1 

Internode 2 

Petiole 

Internode 1 

Internode 2 

Petiole 

Internode 1 

Internode 2 

Petiole 

Internode 1 

Internode 2 

dpm 
gram fresh wt. 

x 104 
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APPENDIX 6 (CONTINUED) 

pm 
TREAT!Z:JT SAIPLIXG GRAH FESi:  AVERAGE gram fresh w t .  RATZO 

SITE WEIGHT (GN) dpm x 104 

Lano l in  + 
IAA 14c P e t i o l e  .154 599 

Internode  1 .222 412 - 
Internode  2 .631, 113 

TI BA + 
IAA 14c P e t i o l e  

~ n t k r n o d e  1 .253 118 ' -05 
5.00 

Internode 2 .345 68 .O 1 




