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e f f e c s  on t h e  r a t e  o r  zmounT; of incorpora t ion .  

i n  young corn p l z n t s  a l l  ehe leaves  e x 2 ~ r t e t  " 2  , a c s c  of 

which wenL s o  t h e  r o o t s  and -che growing regions  c f  -the p l i c - ~ s -  

A l l  t h e  leaves  imported sozz 14.c z s s i z i h - ~ e d  i n  o the r  l e ~ v ~ s .  

m1 *ne only t r a n s l o c ~ s e d  o r s c z l c  CO:;;~G.L:.~ iz zszn w ~ s  sLcrose 

- ,s was ~ r a r i s l o c a t e d  down t h e  l ~ z f  S lzds  a t  a v?>oclzy i n  sxsess  of 

- - n  -1 - - 
- 2 ~  cz. nour . The t r a n s l o c z t i o n  p r o f i l e  i n  2 s  ;a; 3l;:e w a s  

. -  . 
i ~ $ a r i z h m i c  and was fouzd LO bz ade t o  a r e v e r s ; s ~ e  ~ c ~ x ~ a c i o n  of 

LA-s t r a n s i o c ~ z e  i n  t h e  vascc la r  t l s s u e .  

Corn leaves  were iised t o  e seab i i sh  a neckoi for , e e s c r i n g  

czans;ocation from t h e  l e z f .  l+:easuring t h e  ~ . ~ . o ~ c c  of i 4 ~  z e l a x i i s g  

I-.. ? - 
i: tkz  fed  a r e a  of  l e a f  a t  vzr ious  t imes a f t e r  fee5irAs ~u~ - 

s;ovic;z informztion on 3 c k a r a c - ~ e r i s t i c s  of ~r ,nsiocccic:~;  L ~ E  

z e l a t ~ v e  r a c e  02 translocation f-on zhe l e z f ,  eke t o ~ ~ l  ,czeczc5e  

of  t h e  a s s l n i l a t e d  14c t h a t  2s zransiocaeed,  znd t h e  z c r x v c r  L1Z.s 

af th2  t r a n s l o c a t i o n  pool. Irc.2 t h e s e  xezsureneLts -ke t = c : . s i o ~ -  

,Lon i n  corn a t  260a f t - c  wzs c a i c u i a t e d  LO be 327 ucjx of  s.:crozs 
- _ -2 . * > - 

c.. :. x n  . The turnover  t l r , e  of t h e  t rzns locakion  ?,a1 1:. LU-.. 

t:-s bG ;nlnutes. 
- . -  

This  r,cchod was uszd s o  s tudy t h e  e f f e c z  ox Ac:cz~:-c 

c,,e l e a f .  A Szcrzzse tc -3br-L--L 2,ctoi-s on -cranslocz-cion :yo:; --' 



decreased t h e  r a t e  of t r a n s l o c a t i o n  more o r  l e s s  l i n e a r l y  from 26  

t o  7'. The turnover time of t h e  t r a n s l o c a t i o n  pool and t h e  per- 

centage of  t h e  a s s i m i l a t e s  t r a n s l o c a t e d  increased  with a  decrease  

i n  temperature. Light  had no s i g n i f i c a n t  e f  f e e t  on t r a n s l o c a t i o n .  

The r a t e  of t r a n s l o c a t i o n  and t h e  percentage of  t h e  a s s i m i l a t e s  

t r a n s l o c a t e d  changed with t h e  age of t h e  l e a f .  

The method of  measuring t h e  14c remaining i n  t h e  f ed  a r e a  

of leaves  was used i n  a  comparative s tudy of  t r a n s l o c a t i o n  i n  a 

number of  spec ies .  The r e l a t i v e  r a t e  of t r a n s l o c a t i o n  and t h e  per- 

centage of t h e  a s s i m i l a t e s  t r a n s l o c a t e d  va r i ed  with t h e  spec ies .  

Corn, sorghum, m i l l e t  and sunflower t r a n s l o c a t e d  between 70 and 90% 

of t h e  a s s i m i l a t e d  14c i n  24 hours ,  whereas t h e  o t h e r  spec ies  

t r a n s l o c a t e d  only  between 40 and 60%. The compounds i n  which t h e  

14c was h e l d  back i n  t h e  l e a f  va r i ed  with t h e  spec ies .  The turn-  

over time of t h e  t r a n s l o c a t i o n  pool d iv ided  t h e  spec ies  i n t o  2 

groups; tomato and r a d i s h  had a turnover  time of  40 minutes, a l l  

t h e  o t h e r  spec ies  had a  turnover  time of about 80 minutes. 

The r e s u l t  of t h e  i n v e s t i g a t i o n s  suggest  t h a t  t h e  l i m i t -  

ing  process  i n  t r a n s l o c a t i o n  i s  t h e  t r a n s f e r  o f  t h e  t r a n s l o c a t e  

from t h e  a s s i m i l a t i n g  c e l l s  t o  t h e  phloem. I t  is specula ted  t h a t  

t h e  main p a r t  of  t h e  c o n t r o l  of t r a n s l o c a t i o n  i s  a t  t h e  membranes 

of  t h e  expor t ing  c e l l s .  
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In t roduc t ion  

With t h e  r a p i d l y  inc reas ing  world popula t ion ,  production 

of  food is  becoming more c r i t i c a l .  One approach t o  t h e  problem 

has  been t o  inc rease  primary p r o d u c t i v i t y  through p l a n t  breeding. 

I n  t h i s  way t h e  percentage of  t h e  i n c i d e n t  l i g h t  i n t e r c e p t e d  by  

t h e  crop and u t i l i z e d  i n  t h e  f i x a t i o n  of C02  has  been g r e a t l y  

increased .  There a r e  s t i l l  g r e a t  d i f f e r e n c e s  i n  t h e  over -a l l  

e f f i c i e n c y  of photosynthesis  among t h e  crop p l a n t s .  Corn is  able 

t o  u t i l i z e  a t  l e a s t  twice a s  much of  t h e  inc iden t  l i g h t  f o r  C 0 2  

f i x a t i o n  as most o t h e r  crops (Gaastra 1963) . Whereas most crops 

a r e  l i g h t  s a t u r a t e d  a t  l e s s  than  1/3 maximum mid-day l i g h t  

i n t e n s i t i e s  corn is not  s a t u r a t e d  under maximum mid-day l i g h t  

cond i t ions .  Corn is a b l e  t o  u t i l i z e  a l l  t h e  C 0 2  i n  t h e  a i r  when 

placed i n  a c losed  volume whereas most p l a n t s  cannot u t i l i z e  t h e  

las t  30 t o  100 ppm. 

For most crops on ly  s p e c i f i c  p l a n t  p a r t s  a r e  harves ted  

' f o r  consumption. It is as important t o  improve t h e  product ion o f  

s t o r a g e  organs t h a t  a r e  harves ted  as it is t o  improve t h e  product ion 

of t o t a l  d r y  ma t t e r .  This  involves inc reas ing  t h e  percentage of 

t h e  assimilates t r a n s l o c a t e d  from t h e  leaves ,  a l t e r i n g  the 

d e s t i n a t i o n  of t h e  t r a n s l o c a t e  and perhaps a l t e r i n g  t h e  na tu re  of  

t h e  s t o r a g e  products  t o  inc rease  t h e i r  c a l o r i c  va lue .  

Before food product ion can be g r e a t l y  increased ,  t h e  

f a c t o r s  t h a t  a r e  l i m i t i n g  o r  c o n t r o l l i n g  C 0 2  f i x a t i o n  and 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  t o  t h e  s t o r a g e  organs must be known and 

understood. The p r e s e n t  r e sea rch  problem was set up t o  ga in  some 



. * ins15-;z i n t o  what c o i ~ t r o l s  -chc a s s i m i l a t l o n  anZ t rc~;Lcc,  cios cf  

I 
I ,  f i rst  i n  corn and ;ken ir.  a  nunber of diffszent ;Lin-, 

The problem of t h e  c o n t r o l  of t r a n s l o c a t i o n  b : ~ s  ,~r,xoachec '. L 

iz iha fol lowing way. F i r s t ,  the  l i t e r a t u r e  was snrvsy;Z i ~ i .  a 

s c m a r y  presented  of t h e  o v e r a l l  process  of t r a n s i o c ~ t i c r .  azd 

i ~ s  c o ~ t r o l .  Secondly, t h e  techniques of 14c 1abe ; lkg  cf organic  

conpcunds were used t o  i n v e s t i g a t e  r h e  product ion G E  tke t r a n s -  

l o c a ~ e  i n  t h e  corn l e a f ,  t h e  d e s t i n a t i o n  of t h e  c rans ioca ted  ''% 
L2 che young corn p l a n t  and t h e  t r a n s l o c a t i o n  of sucrose Ic corn .  

Th i rd ly ,  a  technique was e s t a b l i s h e d  f o r  measuring t h e  ~ a t z e r n  of I 

1 1  
I 

t r a n s l o c a t i o n  from t h e  l e a f  us ing  corn .  This  t e c h ~ l q a e  was used 11 
Il 

LO szudy t h e  e f f e c t s  of d i f f e r e n t  environmental  f a c t o r s  on t r a n s -  I 
I 

l o c a ~ i o n  and t o  compare t r a n s l o c a t i o n  from t h e  l eavcs  of a i f f e r e n t  r 
1 

s p e c i e s .  Four th ly ,  t h e  da ta  obtained i n  t h e  e x p e r i x n t s  cescr ibed  

i n  t h i s  t h e s i s  i s  d iscussed  from t h e  p o i n t  of view of wkaz 

c o n t r o l s  t h e  s e v e r a l  s e p a r a t e  processes  t h a t  make up c r ~ n s l o c a t i o n  

of sucrose  i n  p l a n t s .  

Trans loca t ion  of organic  substances i n  p l a n t s  has  been 

revlewzd by many au thors  (swanson 1959, Kursanov 1961, Crafzs  1961, 

Zirmermann 1961, Nelson 1963 and Devlin 1966).  However, xrans- 

locacion has  not  been reviewed from t h e  p o i n t  of view of the  

c o n t r o l  of t r a n s l o c a t i o n .  I n  t h e  following review saxe 02 t h e  s o r e  

g e r t i n e n t  a s p e c t s  of  t r a n s l o c a t i o n  t h a t  need t o  be  know- f o r  a 

eons ize ra t ion  of c o n t r o l  w i i l  be  mentioned b r i e f l y .  



To s tudy  c o n t r o l  wc z a s t  know t h e  c issxes  . ~ - ~ d  ,kc 

s z l l s  involvcd i n  t ranslocat ioi-A.  The rincjing ex?cri-i;.ir c2 

C ; t t s  a-d Xnight about t h a  _urn of t h e  nineteenth concury i 2 C  t h e  
-- 

discovery  of t h e  s i e v e  c u b ; ~  by I i a r t ig  i n  1 8 3 7  poirAtc2 LZ -;ke 
L 

phloea a s  baing t h e  c o n d u c t h g  t i s s u e  f o r  o r g r l i c  c o r L s o c r ;  

(saa Swanson 1959) . Because cf t h e i r  s p e c i a l i z e d  st:ucc;+; t 2 e  

p;:locz s i e v e  c e l l s  have been considered t o  be t h e  c e l l s  irLvolved 

i n  t r a n s p o r t i n g  organic  substancesl '  More d i r e c t  e v i 8 e r . c ~  f o r  t h e  

l o c a l i z a t i o n  of t h e  t r a n s l o c a t e  i n  phloem has  come 5rom -, issue 

14 J- 

auzoradiography using t h e  r ad io i so topes  3 5 ~ ,  3 2 ~ t  C arAC 'd 

(3iddulph and Cory 

19653 Nelson e t  a l .  

workers found t h a t  

l o c a t e  was p r e s e n t  

1960, 1964; Gage and Aranoff 1960 j Nol-ti, l ~ e z  

1959; Webb and Gorham 1.964S, 1965) . ;.~:-,ese 

near t h e  t r a n s l o c a t i o n  f r o n t  l a S e l i e d  zrans-  

i n  t h e  s i e v e  c e l l s ,  companion c e l l s  and zLe 

garenchyma c e l l s  a s s o c i a t e d  with t h e  phloem. So f a r  t h e  t e c h i q i e s  

have not  been r e f i n e d  enough t o  be s b l e  t o  p inpoin t   he c e l l s  

involved i n  conduction. Although t h e r e  i s  s t i l l  cons iderable  

contzoversy a s  t o  t h e  c e l l s  or p a r t s  of  c e l l s  through which 

t r a n s i o c a t i o n  occurs  t h e r e  is no doubt t h a t  t h e  process  i s  

assoc ia ted  with t h e  complex t i s s u e ,  phloem. Any assessxen t  of 

what i s  c o n t r o l l i n g  t r a n s l o c a t i o n  must t a k e  t h i s  i n t o  acco-iint. 

The chemical p r o p e r t i e s  of t h e  organic  compounds t r a n s -  

l c c a t e d  could be very  important i n  t h e  c o n t r o l  of t h e i r  crans-  

l o c a t i o n .  I d e n t i f i c a t i o n  of  t h e  compounds t r a n s l o c z t e d  i n  ~ h e  

phloex i s  we l l  advanced. e.Zixiiermann (1961) found t h a t  t h e  h i53er  

p l a n t s  could be c l a s s i f i e d  i n t o  3 groups on t h e  b a s i s  of t h e  sugars  

t h a t  were f o u n d i n  phloem exudates  and which were supposedly ehe 



.A- L.lns;oc&Lion ,- .. s1;gars. . T h i  Tiisi g r ~ ~ p  c o n t a i n c c  c;ly s~cr;,;. 

r,l -. . - . L I ~ c  S I = C G ; I ~  grotip, t h e  rnajori-cy of p l a n t s ,  c o n t z i - c i  ---- .,.Llr.A;/ 

S.LcrGS3 wirh  t r a c e s  of  o l i ~ o s n c c h e r i d c s .  I n  t h e  t h i r d  5 - - ~ - - , - ~  - u_J* 

t h z  o ~ i g o s a c c h a r i d e s  were n a r c  s5undar.t t h a n  suc rose  2 p ,e  

- - o l i g s s a c s h a r i d e s  a r e  r a f f i n o s e ,  s t achyose  and ve rbascase ,  ;L- 

c o n t a i n i n g  s u c r o s e  w i th  1 .2  acd 3 g a l a c t o s e  u n i t s  r e s , e c i i v t l y .  

I - l .  ;rip e t  a1  (1955) found t h a t  noR-reducing s n g a r s  wsrc t h e  o n l y  

onss  t h a t  cou ld  be  t r a n s l o c a t e d .  A l so  s e v e r a l  nor.-reducing sugar  

a l c o k o l s ,  such as manni to l  and s o r b i t o l ,  have been found t o  b e  

t r a n s l o c z t e d  b y  some p l a n t s .  ' P l a n t s ,  t h e r e f o r e ,  have a xechznisrn . 
whoreby t h e y  can s e l e c t  and c o n t r o l  t h e  compounds t r ~ n s l ~ c a t e d .  

Th i s  mechanism i s  s e l e c t i v e  f o r  t h e  non-reducing s u g a r s ,  r a i n l y  

s u c r o s e  and t h e  s u c r o s e  c o n t a i n i n g  o l igosacchar ides . - .  Whether t h i s  

s e l e c t i v i t y  e x i s t s  a t  t h e  s i t e  of  e n t r y  i n t o  t h e  c o n d ~ c t i n g  v e s s e l s  

o r  i n   he conduct ing v e s s e l s  themselves  i s  no t  known. 

Many a t t e m p t s  have been made t o  measure t h e  r a t e s  05 

t r a n s i o c a t i o n ,  t h e  sugar  c o n c e n t r a t i o n s  i n  t h e  s i e v e  tubes  and t h e  

v e l o c i t y  of  t r a n s l o c a t i o n  i n  t h e  hope o f  e l u c i d a t i n g  something o f  

t h e  mechanism 05 t r a n s l o c a t i o n . '  Var ious  methods have been used 

t o  measure t h e  r a t e  a t  w h i c h  a s s i m i l a t e s '  a r e  moved i n t o  o r  o u t  o f  

s, p l a n t  organ.  Canny (1960) h a s  sumnarized some o f  t h e s e  r e s u l t s  

and expressed  them a l l  as grams d r y  weight o f  phloem hour-' 

(Table I)  . 

'A d i s t i n c t i o n  i s  made h e r e  between ra te  and v e l o c i t y  o f  t r a n s -  

l o c a t i o n  i n  t h a t  t h e  te rm I r a t e '  i s  used  t o  denote  weight t r a n s f e r  

p r  u n i t  t ime  and , 'veloci ty , '  as t h e  d i s t a n c e  t r a v e l l e d  per  u n i t  

t i m e  . 



Table I.  R a t e  of t r a n s l o c a t i o n  as measured b y  mass t r a n s f e r  

of  d r y  weight (Canny 1960).  

P l a n t  system S p e c i f i c  mass t r a n s f e r  
(grn d r y  w t .  cm-2 of phloem h r - l )  Authors 

I1 

A .  Stems 
14 
'1 

Solanum t u b e r  stem 4.5 Dixon & B a l l  (1922) 1 1  8 f 
Dioscorea tuber  stem 4.4 Mason & Lewin (1926) i 1 
Solanum tuber  stem 2 . 1  C r a f t s  (1933) U 

Kiqe l i a  f r u i t  peduncle 2.6 Clements (1940) f 

Cucurbi ta  f r u i t  peduncle 3.3 C r a f t s  & Lorenz (1944) I 

4.8 Cucurbi ta  f r u i t  peduncle Colwell  \ 

ium bark f l a p s  0.4 - 0.64 Mason & Maskell (1928) 
I 

probably i n j u r e d )  =?- I 

B .  P e t i o l e s  

Phaseolus p e t i o l e  
Phaseolus p e t i o l e  
Tropaeolum p e t i o l e  

0.56 Birch-Hirscheld (1920) 
0 -7 C r a f t s  (1931) 
0.7 C r a f t s  (1931) 



There is a s t r i k i n g  s i m i l a r i t y  i n  t h e  va lues  obtained 

i n  d i f f e r e n t  plant-stem systems and s i m i l a r  agreement i n  t h e  p e t i o l e  

systems where t h e  va lues  a r e  lower. A p o s s i b l e  explanat ion  f o r  t h e  

lower va lues  obta ined  on Gossypium could be t h a t  t h e  c u t  bark d i d  

no t  g ive  t r u e  va lues .  

The concent ra t ion  of sugar  i n  t h e  s i e v e  tubes  has  a l s o  

been measured. The va lues  obta ined  f o r  d i f f e r e n t  p l a n t s  a r e  f a i r l y  

c o n s i s t e n t  and f a l l  most ly  between 10  and 2%. Movement of  sugars  

a s  a s o l u t i o n  could account f o r  t h e  r a t e s  of movement noted i n  

Table I .  

The v e l o c i t y  of t r a n s l o c a t i o n  has  been measured i n  many uy 

' 
s p e c i e s .  Although t h e  measurements obta ined  are somewhat v a r i a b l e ,  

111 

mainly due t o  t h e  shortcomings of t h e  techniques used, t h e y  a r e  
81 

I I 
$ 4  

a l l  i n  t h e  same order  of magnitude from 50 t o  300 cm hour-'. I 
JI 

Values as low as 2 c m  hour-' have been found by Canny (1961) b u t  
IF 

4 

t h e  experimental  technique of us ing  c u t  willow twigs is somewhat 

i n  ques t ion .  Devlin (1966) has  summarized some of t h e  v e l o c i t i e s  
I 
I 

t h a t  have been found b y  d i f f e r e n t  workers (Table 11). 

Thus as f a r  as t h e  a c t u a l  movement i n  t h e  phloem is 

concerned t h e r e  appears  t o  be l i t t l e  d i f f e r e n c e  among t h e  var ious  

s p e c i e s  t h a t  have been examined. Any of  t h e  small d i f f e r e n c e s  t h a t  

e x i s t  are d i f f e r e n c e s  of degree r a t h e r  than q u a l i t a t i v e  and may be 

due t o  experimental  e r r o r .  

Many people have used t h e  above mentioned r e s u l t s  t o  

p o s t u l a t e  t h e  mechanism of t r a n s l o c a t i o n .  Severa l  hypotheses have 

been proposed over t h e  las t  50 years  t o  account  f o r  a l l  t h e  r e s u l t s  

obtained i n  t r a n s l o c a t i o n  s t u d i e s  . Most of t h e s e  hypotheses have 



I 

Table 11. Trans loca t ion  v e l o c i t i e s  i n  d i f f e r e n t  p l a n t  s p e c i e s  

obtained through t h e  use of r a d i o a c t i v e  t r a c e r s  (Devlin 1966).  

P l a n t s  Veloc i ty ,  cm hr" Authors 

Phaseolus v u l q a r i s  107 Biddulph & Cory (1957) 
Beta v u l q a r i s  85 -- 100 Kursanov e t  ale (1953) 
V i t i s  l abrusca  (Concord) 60 Swanson & El-Shishiny (1958) 
S a l i x  s p .  100 Wheatherly e t  a l ,  (1959) 
Saccharurn off ic inarum 270 Hatch & Glaziou (1964) 
Saccharurn off ic inarum 84 H a r t t  e t  a1 (1963) 
Cucurbi ta  melopepo 290 Webb & Gorham (1964) 
Glycine max 86 Vernon & Aranoff (1952) 
Cucurbita pep0 40 - 60 P r i s t u p a  & Kursanov (1957) 



been discarded as inadequate as more information became available. 

There are 3 main hypotheses held by various workers today. 

The mass or pressure flow hypothesis was proposed by 

Munch (1930). He postulated a unidirectional flow of water and 

solutes through the sieve elements of the phloem under the driving 

force of a turgor pressure gradient. This hypothesis rests on the 

assumptions that the movement of metabolites is passive and along 

a concentration gradient giving a unidirectional flow. 

Van den Honert (1932) in his interfacial-flow hypothesis 

suggests that the rapid rate of transport reported for phloem 

translocation might be accounted for in terms of a flow of sucrose 'm, 
141 

along the phase boundary between cytoplasm and vacuole in the sieve 1 &, 

tubes. 
/,'I 

I* 

The activated-diffusion hypothesis of Curtis (1935) has 

its modern counterpart in the metabolically-activated translocation 
4 

proposed by Kursanov (1961). These hypotheses are not committed 

with respect to the mechanism of translocation. Their principal 
I 
1 

value has been to emphasize the fact that translocation is 

dependent on metabolism. 

None of the above hypotheses at the moment seems to 

explain all the evidence that has accumulated, yet because of the 

identical nature of all species as to the aspects of translocation 

that have been mentioned, probably the mechanism of translocation 

is the same in all species. In that the mechanism of translocation 

is still unknown is no major deterrent in the study of the control 

of translocation. If the mechanism of translocation is the same 



i n  a l l  vascular  p l a n t s  nothing can be done t o  improve it through 

breeding and s e l e c t i o n .  But, s i n c e  t h e  t r a n s p o r t  i n  t h e  phloem 

is  under t h e  c o n t r o l  of metabolism i n  t h e  phloem, l ea rn ing  some- 

t h i n g  of what c o n t r o l s  t r a n s l o c a t i o n  may g ive  a c l u e  as t o  t h e  

a c t u a l  mechanism of t r a n s l o c a t i o n .  

P l a n t s  evolved many s p e c i a l i z e d  s t r u c t u r e s  a s  t h e y  

moved out  onto  t h e  land .  The organs above ground became spec ia l -  

i zed  f o r  C 0 2  f i x a t i o n ,  whereas t h e  organs below ground became 

adapted t o  more e f f e c i e n t  uptake of water and minera ls .  This  

s p e c i a l i z a t i o n  made t h e  d i f f e r e n t  p l a n t  organs dependent on each 

o t h e r  and t h e  vascular  t i s s u e  became t h e  connecting pathway f o r  

t h e  movement of m a t e r i a l  from one p l a n t  organ t o  another .  The 

water and minerals  were t r anspor ted  upwards i n  t h e  xylem and t h e  

carbohydrates  moved i n  t h e  phloem from t h e  leaves  ( the  source)  t o  . 
t h e  r o o t s ,  growing p o i n t s  and s t o r a g e  organs ( t h e  s ink)*  

~ ~ h ~ s i o l o ~ i c a l l ~ ,  t h e  p l a n t  organs form an i n t e g r a t e d  

whole, one p a r t  being dependent on and a f f e c t i n g  t h e  o t h e r  p a r t s  

of t h e  p l a n t .  This  source-sink r e l a t i o n s h i p  i s  p resen t  i n  a l l  

vascu la r  p l a n t s  and y e t  t h i s  r e l a t i o n s h i p  is s t i l l  poor ly  under- 

s tood.  The degree o r  e x t e n t  t o  which t h e  source and s i n k  a f f e c t  

each o t h e r  appears  t o  d i f f e r  from s p e c i e s  t o  spec ies .  This  

i n t e r r e l a t i o n s h i p  a l s o  appears  t o  be a f f e c t e d  by  t h e  phys io log ica l  

cond i t ion  of e i t h e r  t h e  source o r  t h e  s i n k  and t h i s  condi t ion  i n  

t u r n  is  a f f e c t e d  by  t h e  environment. Thus t h i s  r e l a t i o n s h i p  is 

very  complex. A t  t h e  same time because it does change and is 

a f f e c t e d  by  t h e  environment it should be s u b j e c t  t o  experimentation 

and t o  improvement through e i t h e r  p l a n t  breeding o r  manipulation 

o f  t h e  environment. A s  it appears  t o  involve t h e  major p a r t  o f  t h e  



c o n t r o l  of t r a n s l o c a t i o n ,  t h e  source-sink i n t e r r e l a t i o n s h i p  could 

provide one of t h e  keys f o r  t h e  improvement of t h e  production of 

t h e  economically important organs i n  t h e  p l a n t .  

Over t h e  las t  decade some knowledge has  begun t o  

accumulate on source-sink r e l a t i o n s h i p s ,  bu t  l i t t l e  d i r e c t  work 

has  been done on t h e  c o n t r o l  of t r a n s l o c a t i o n  al though many r e s u l t s  

imply c o n t r o l .  Some workers a r e  beginning t o  recognize t h e  

importance of t h e  source-sink r e l a t i o n s h i p  i n  t r a n s l o c a t i o n .  

Kursanov (1961) s t a t e d  t h a t  t h e  t r a n s p o r t  of organic  m a t e r i a l s  over 

long d i s t a n c e s  is dependent no t  on ly  on t h e  metabolism of t h e  

conducting s t r a n d s  bu t  a l s o  on t h e  a c t i v i t i e s  of t h e  organs a t  
-r 

e i t h e r  end. T H ~  quoted t h e  work by I .  F.  Belikov with soybean 
+ 

p l a n t s .  Belikov found t h a t  t h e  leaves  of mature soybean p l a n t s  

supply s p e c i f i c  organs,  o r  zones with t h e i r  a s s i m i l a t e s .  The 

products  of low l e v e l  leaves  a r e  t r a n s l o c a t e d  mainly t o  t h e  r o o t s  

b u t  a s  t h e  f r u i t  develops an ever  inc reas ing  number of l eaves  

t r a n s l o c a t e  t h e i r  a s s i m i l a t e s  t o  it, and a t  l eng th  even those  a t  

t h e  lower l e v e l  fol low s u i t  and cease  almost e n t i r e l y  t o  feed t h e  

r o o t s .  -- 
-d 

There a r e  many examples of changes i n  t h e  t r a n s l o c a t i o n  

p a t t e r n  during t h e  development of an organ o r  e n t i r e  p l a n t .  

I-- * i Young developing leaves  a c t  a s  s i n k s  u n t i l  t h e y  become s e l f -  
i 

s u f f i c i e n t  which i n  t h e  case  of t h e  soybean p l a n t  is a t  t h e  time 
J 

t h e  leaves  a r e  about 50% expanded (Thrower 1 9 6 2 ) . ,  --- I n  tobacco 

p l a n t s  t h e  young leaves  import a s s i m i l a t e s  up t o  t h e  end of t h e  

growing pe r iod  (Jones e t  a l .  1959) 1. [ ~ o t h  t h e  soybean and tobacco 



. . , ; l z ~ t ;  ~ c s s  tkrough 2 s t292 tdilczc t k c y  Inport  and ezs;rk c;s;:-:.;lstes - 
- -  L- a L;ld S 2 ~ ~  t i x a .  Ln bozh zasss it wzs foand that O L L ~  ei:-~ l e ~ v e s  

lqcze ;-*dtuce t l .  ALy 3 l o s t  t h e i r  ~ b i l i t y  ko ir:i?ozt a ~ s l : ~ ~ l l ~ c e s  ZZOX 

oc3er l e a v e s . ,  There must bc a d r a s c i c  chanc ;~  i n  wk;;tsvez 1s 
A 

c o n ~ r a l l i n s  t h e  d i r e c t i o n  cf t r a n s l o c a t i o n .  

There a r e  s e v e r a l  piecss c f  evidence s3owins c;-,c-c z?*e 

- - 
s i n k  z r z e c t s  t h e  dis t r lbu-cia- .  oL c s s i a i l a t e  f r o x  si?e Leavss. i , ~ ~ , z o n  

(1366) scudisd  tCe pac te rn  0 4  t r c n s l o c ~ ~ i c n  cf whez-L - - i z ~ z s  2nd 

~ k e  ckanges c h a t  occurred i n  "'-; L - ~ A S  p a t t e r n  d u r i r , ~  t'r,e Zzvclo2zent 

of thzee  v a r i e t i e s  of wheat. Leaves o r  shoots  of wkszz 2 lznzs  

w r e  su2pl ied  with 14C0 a t  var ious  s t a g e s  of p1ai-i~ &ve~i;:;.ent, 2 

from t k e  t ime of maxirim t i l l e r i z g  u n t i l  5 weeks aZcsr aiLzkesis. 

Tke dis-cribution of 14c i n  t h e  p l a n t  was determined 2 co 7 days 

a f z e r  dosing wi th  14c0 . 
r 

2 

- Lupton found t h a t  be fo re  t h e  stems elongazed, ", L noved 

from t h e  t r e a t e d  leaves  t o  a l l  p a r t s  of t h e  p l a n t ,  a l k h o ~ ~ h  zhe 

t r e a t s 6  shoots  contained more 14c than  t h e  o t h e r  shoocs . L a v a  . 
l i t t l e  L 4 ~  soved out  of t h e  t r e a t e d  shoot ,  even wher ,:?is was 

dying and t r a n s l o c a t i o n  was most ly upwards. Translocozion from 

t h e  • ’ k g  l e a f  was e n t i r e l y  towzrds t h e  e a r ,  and t h e r e  was c o  zove- 

z,ent of l 4 c  from t h e  e a r .  There was l i t t l e  t r a n s l o c c ~ i o r ~  f r o s  t h e  

leaves  bslow t h e  second l e a f  i n t o  t h e  e a r .  Translccat ior .  f r o x  t h e  

seeon6 l e a f  was mainly downmrd i n  t h e  e a r l y  s t a g e s  02 ear develop- 

n e x t ,  About 2 9  days a f t e r  a n t h e s i s  t h e  p a t t e r n  of t r a n s l o c a ~ i o n  

. - fzcx tL2e second l e a f  had changed and was e n t i r e l y  d i r e c t e c  z ~ w z r d  

t k e  g r a i n .  Not only  was t h e  ? a t t e r n  of t r a n s l o c a t l c -  fro: the  

s e m n d  h a • ’  changed, b u t  t h e r e  was a l s o  a  marked i n c r e ~ s e s  in =he 



- - ?;ric,txcy 05 t r a n s l o c a t i ~ n  f r ~ m  thc f l a g  lcz: ,cZ 2 ~ 3 ~ ~  ,InAd c,- 

- 7 duri: :~ t h c  f i r s t  weeks a f c c r  a ; ~ t h c s i s ,  followcd by ;; cec-,:.c ~5 

.- Lke 23: a2proached matu r i ty .  3-.c pcrcentase  of a s s i ; ~ i i i ; c s  

-,--.". ~ - ~ , ~ s ; o c z t e d  f r o x  t h e  f l a g  Lezf i n c r c ~ s c d  frorn 63% G-;: 7 c;- c;fter 

m t h s s i s  t o  31% a t  2 1  days cifcer a n t h e s i s .  

Proxi t h e  above zesuLts it i s  apparent  t F . 2 ~  chc ;cz;vity 

. . -  of t h e  s i n k  inf luences  t h e  p a t t e r n  of d i s t r i b ~ t i ~ r .  of as2;s;lztes 

a::d in t h e  case of t h e  f l a g  l e z f  and t h e  e a r  it E ~ S G  i n c z s ~ s e s  

the e f  l i c i e n c y  of t r a n s l o c a t i o n .  

How t h e  s i n k  c o n t r o l s  t h e  p a t t e r n  of  d i s t z i k u t i o n  of 

assimilates from t h e  source is s t i l l  v i r t u a l l y  ~ n k n c w ~ .  K x z e  a r e  

cwo 2 i e c e s  of r e c e n t  evidence thac  g ive  a  c l u e  t o  t k e  s p s c i f i c  
7 

xechanisms of c o n t r o l .  Hew (1965) and de S t i g t e r  (1961) susi.,-es; 

t33t t r a n s l o c a t i o n  from t h e  source t o  t h e  s i n k  could a t  l e a s t  i n  

p a z t  be inf luenced o r  c o n t r o l l e d  by hormones frorn t h e  s i ~ k  o r  a  

-1 'fac:or' produced i n  t h e  l ezves .  De S t i g t e r  (1961) used vzzious 

- .  . . g r a f c  combinations of Cuc~r; , is  x e l o  (muskmelon) on C ~ c x r b i e s  zyci- 

f o l k  r o o t  s tock  a s  h i s  t e s t  system. When a  melon sc ion  wzs 

 rafted on a  Cucurbita s tock ,  t h e  p l a n t  could not  t r a r . s l o c ~ t e  14c 

f i x e d  i n  t h e  melon l e a f  a c r o s s  t L e  g r a f t  union down i n t o  t h e  r o o t ,  

even though h i s t o l o g i c a l  evidence showed t h a t  t h e r e  5 l?eaithy 

union Setween t h e  2 s p e c i e s .  However, i f  t h e  p l a n t  ms cou3ly 

L - a c s l ~ c a t e  s r a f t e d  cucurbita/melon/cucurSita t h e  p l a n t  was a b l e  EO --- 

ir;co t h e  Cucurbita r o o t  from e i c h e r  s c i o n .  This  worker p o s t u l a t e d  

t k t  soxe , ' t r ans loca t ion  f a c t o r :  was produced i n  C u c ~ r S i c a  leaves  

which is  necessary  f o r  , the  fi inctioning of t h e  Cucurbi tz  p'nloex. 



Undoubtcdiy, d i f  2 i r i n t  i p c l e s  h;ve a i f  fcr,:.~ ;UXA 

- - cs,:c~.-.r--2tioris and gradiarits  i n  their stems. I t  W O L L G  , Z ~ - ~ Z L L  

f c ~ s i b l c  i h t  a pzoger horxsna c r a d i e n t  must be iz;nt;;cec ;s t h f  

2P.iocr fsz it t o  funct ion  n o r m i i y .  An abrupt  c h a ~ c e  ;n c;:-cd.-.tr;- 

i .  ~ l s n ,  r s  c o ~ l d  occur a t  a  g r a f t  union of 2 d i f f e r c n ~  specic;, c ~ u l d  

8 i s ru? r  c h i s  auxin g rad ien t  and thus  block t h e  n o r ~ a l  f~r icz-cning  

s5 t h z  ghloem. The d o i s l e  g r a f t  with a  sinall s e c t i o n  of ::,elon 
J 

s r e x  between 2 cu rcurb i t a  s t e n s  coulci a l t e r  t h e  auxir. l e v e l  t o  

sozawhere between t h e  2 s p e c i e s ,  a l lowing both  t o  f u n c t i o r .  

There i s  no d i r e c t  evidence from ,jde S t i g t e r ' s  work 

t h a t  a  hormone i s  involved i n  t r a n s l o c a c i o n .  Eowever, tl-.-.ese 

experiments do i n d i c a t e  t h a t  t h e r e  i s  sonething i n  t h e  stex, oor 

.,I' 
leaves  t h a t  c o n t r o l s  t r a n s l o c a t i o n  and t h a t  t h i s  is  s?accios s p e c i f i c .  . 

I b 
The b e s t  evidence t o  d a t e  f o r  a hormonal cons ro l  over 

-.- 
I 

t r a n s l o c i t i o n  comes from t h e  work of Hew (1965) on young soySean 
d 

H 

p l a n t s .  I n  t h e s e  experimerits t h e  a p i c a l  mer is tens  wera removed 
I> 

a r d  reglaced  e i t h e r  wi th  water o r  d i l u t e  s o l u t i o n s  of GA o r  IAA,then , 
I 

14c0 was o f f e r e d  t o  one of t h e  primary l eaves .  The e f f e c r  of 
2 

apg l i ed  hormones on t r a n s l o c z t i o n  was assessed  by  measuring t h e  

t o t a l  anount of I4c t r a n s l o c a t e d  from t h e  l e a f ,  determining t h e  

d i s t r i h t i o n  of t h e  t r a n s l o c a t e d  14c i n  t h e  p l a n t  and by c a l c u l a ~ i n g  

t h e  r a t e  of t r a n s l o c a t i o n  of 14c. 

It was found t h a t  both IAA and GA a f f e c t e d  t h e  3 asgec t s  

of s r a n s i o c a t i o n  mentioned above. IAA almost doubled t h e  amount 
-? 

transLocated from t h e  l e a f  and GA t r i p l e d  t h e  amount. 



, Goth 1A.A and CA iA~czc;scd t r ans loc ; ;~ io r ,  i ; ~ ~ ~ r i  z;-.c ;^oG"L. 

Tzanslacat ion upward was not  z f f c c t c d ,  proSaSly yo c;-., z c ~ , c v ~ l  

- - o r  tA:2 s i n k ,  a l t h o u ~ h  t h e  zuchor Zces not  spccu lz tc  G:~ t:ls s c i z z .  

Sozh iA9 and GA increased  die z ~ t e  of t r a n s l o c a t i ~ :  ~ C P ~ . W L L G  i n  t h e  

SCai- .  . 
The author  p o s t u l a t e s  cha t  t h e  e f f e c t s  02 ?.?A GA 

on ~ r z n s i o c a z i o n  may be though t h e  e f f e c t s  of the 'crrnc~.~s oz zhe 

me-,aSolisin of t h e  phloern c i s s u e .  I t  has  been show;: by r a i y  workers 

+-* L:-at t r a n s l o c a t i o n  i s  dependen-c upon me-cabolic enersy  ir- t h e  ghloen. 

Therefore,  changes i n  metabolism should r e f l e c t  i n  c k a n ~ z s  i n  

t r a n s l o c a t i o n .  , 

L u p t o n , ' ~  work ind ica ted  t h a t  t h e  a c t i v i z y  of t k e  s ink  

can aZfec t  both t h e  d i s t r i b u t i o n  of t r a n s l o c a t e s  z--& t k e  t o t a l  

aaounz t r a n s l o c a t e d  from t h e  l e a f .  He obtained no da ta  en t h e  r a t e  

of t r a n s l o c a t i o n .  However, i f  t h e r e  i s  an inc rease  I n  t k e  anount 

t r a n s l o c a t e d  with no decrease i n  t h e  r a t e  of photosyxthesls  then  

t h e  r a t e  must be increased .  Therefore,  t h e  e f f e c t s  of t h e  h i g h l y  

c c t i v e  s ink  on metabolism i s  t h e  same as t h e  e f f e c t s  on t r a n s -  

locazion obtained by  applying hormones t o  a  c u t  stem. T3ese r e s u l t s  - 
suggest  t h a t  it is  p o s s i b l e   hat t h e  e f f e c t  of an a c t i v e  s x k  on 

t r a n s l o c a t i o n  could be through hormones. I t  h a s  been shcwn t h a t  

korrnones can have t h e  same e f f e c t s  on t r a n s l o c a t i o n  a s  an a c t i v e  

s i n k .  

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

cczplex and poor ly  understood group of processes .  To g e t  any 

i n f o r m t i o n  on how t r a n s l o c a t i o n  is  c o n t r o l l e d  i n  h igher  2 l a n t s  

we ir:--': t a k e  i n t o  account t h e  t i s s u e  i n  which t h e  t r a n s l o c a t i o n  



mate r i a l  i s  gsnera ted ,  the anatcmy of  the conducting t i s s - 2 ,  

t h z  form i n  which organic  ma te r i a l  i s  t r a n s l o c a t e b ,  the rzczs  

2nd v e l o c i t i e s  of  t r a n s i o c a t i o n ,  the  source-sink rela:ioss'-.i~ 

which determines the  p a t t e r n  02 d i s t r i b u t i o n  and the  p s s i b i e  

s i t e s  where the con t ro l  mechanism may be working. These f ~ c c o r s  

have Seen kep t  i n  mind during the  experimental  work which i s  

repor ted  i n  t h i s  d i s s e r t a t i o n .  



Mater ia l  and Methods - 
Only t h e  m a t e r i a l s  and t h e  genera l  methods used 

throughout t h e  experiments a r e  descr ibed  i n  t h i s  s e c t i o n .  S p e c i f i c  

experimental  d e t a i l s  a r e  o u t l i n e d  be fo re  each experiment. 

Mate r i a l s .  P lan t  m a t e r i a l  used f o r  t h e  experiments was 

grown i n  t h e  greenhouse i n  p o t s  i n  a 1:l mixture of sand and 

ve rmicu l i t e  which was f e r t i l i z e d  with a s o l u t i o n  of HiSol 20:20:20 

f e r t i l i z e r .  One day p r i o r  t o  t h e  experiments,  t h e  p l a n t s  were 

t r a n s f e r r e d  t o  growth charribers. Environmental condi t ions  f o r  most 

of t h e  experiments were: l i g h t  i n t e n s i t y ,  3000 f t - c ;  temperature,  

26O; r e l a t i v e  humidity,  

a t  least 2 hours  before  

The following 

(Zea mays L .  va r .  P r ide  - 

75%- The p l a n t s  were placed i n  t h e  l i g h t  

feeding of 14c02. 

p l a n t s  were used i n  t h i s  study: corn 

V; Dent hybr id ,  W103x44-10-6-3-1; F l i n t  

hybr id ,  Goudster 5-2 x Gelber 2 - l ) ,  sorghum (Sorqhum vulqare  

Pe r s .  Mor-Su h y b r i d ) ,  m i l l e t  ( ~ a n i c u m  miliacium L .  v a r .  Crown 

~ i l l e t ) ,  r a d i s h  (Raphanus s a t i v u s  L .  v a r .  E a r l y  S c a r l e t  Globe),  

soybean (Glycine -- max L . var  . Comet) , tomato (Lycopersicon 

esculentum M i l l .  va r  . Ace) , sun•’ lower (Helianthus annuus L , var  . 
Russian G i a n t ) ,  c a s t o r  bean (Ricinus comrnunis L .  v a r .  Sanguineus),  

and n i c o t i a n a  (Nicotiana a f f i n i s  Moore v a r .  White Bedder) .  

Measurement of CO, exchanqe. These measurements were 

made on 3 corn v a r i e t i e s  us ing  a Beckman I n f r a r e d  Analyzer, Model 

215. The C02 compensation p o i n t s  were determined us ing  a closed-  

c i r c u i t  appara tus  a s  descr ibed  b y  L i s t e r  e t  a L  (1961). Rates of 

apparent  photosynthes is  were measured by pass ing  a i r  s e q u e n t i a l l y  



2 s r i s c a l t i c  pump. A l l  t h e  CO 
2 
was f i r s t  remove2 

3y pzss ing  t h e  a i r  through s n  k s c a r i t e  column. '?:ye ~ o t i l  COi 

Ca2 i n  a  f l a s k  ( G )  by t h e  a c t i o n  of a c i d  on sodiua  c c r b c c ~ t e .  The 

s p e c i f i c  a c t i v i t y  of t h e  carbon was 51.1%. 

The feeding chamber was cons-cructed from p i e x ~ 5 1 a s s  and ''* 7 

14 11' I % Y  
6esic~ned s o  t h a t  a  s t r i p  of l e a f  3 izx wide was exposed CG C02. 

I!' 
1 %  r l1l 

10 1 I 

A r e l a t i v e l y  l a r g e  a i r  spzce above and below t h e  Leaf alicwed f o r  I ,  /I 

i 
:I ! 

x ix ing  of the a i r .  A 2 - l i t e r  r e s e r v o i r  allowed a b o ~ c  15 feedings L I 

.I t i  

t o  be c a r r i e d  out  be fo re  recharging with l4c0 I 

2 '  il '"1 
(y 1ill( 

Keasurement of translocation. To o b t a i n  a x e z s x e  of - \I,,: 

- &e ,- r a t e  of t r a n s l o c a t i o c  a d  of t h e  t o t a l  amount of f ixeZ carbon 
a 4 41:; 

t r a n s l o c a t e d  from t h e  l e a f ,  a m r r o w  s e c t i o n  of l e a f  was e x p s e d  , 
1 

t o  " ~ 0 ~  f o r  1 t o  4  minutes anE t h e  anount of ra6~cicziv;:y rexainini  

i z  thk fed  a r e a  measured a-, given t h e  i n t e r v a l s  a f c e r  f-ecirg.  

Xeadlngs were obta ined  by  p lac ing  a  G-M tube  (Buclear C h ~ c r ~ o  model 

3-343, covered with a s h i e l d  conta in ing  a 3 miin s l i t ,  t i r e s z l y  over 

xke fe2. a r e a .  The G-M tube  was placed  over t h e  f ed  a r e a  oz;y ~t 

&-P 3 
- .  

 LA.^ ci-3s t h e  readings  were taken t o  a l l o w  f o r  near  rAcmal c o c a ~ c i o n s  

;hro~j::;il; ;he experiment.  ReaCFngs were expressed c s  i ssrcericzgs 

c2 t?.s fed  z c t i v i t y  ( i  .e. t h e  i n i t i a l  reading)  and t k e  valuzs were 

3 l o t t e E  a s a i n s t  t i m e  t o  g ive  a  xeasure of t h e  r a t e  02 l o s s  azZ t k e  



Fig. 1. Apparatus used to expose a restricted area of a leaf 

A. Reservoir and circulating pump. 

B . Feeding chaniber . 
C. Diagram of complete apparatus. 



Plan End c 



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

Analysis  of t h e  e thanol -so luble  and inso lub le  f r a c t i o n s .  

The p l a n t  m a t e r i a l  was e x t r a c t e d  twice i n  b s i l i n g  8% e thano l .  

The ethanol-soluble  e x t r a c t s  were combined and evaporated t o  near  

dryness ,  and then taken up i n  a known volume of water .  The pigments 

and l i p i d s  were separa ted  out  by  shaking t h e  e x t r a c t  with chloroform. 

The a c t i v i t y  i n  t h e  e thanol - insoluble  f r a c t i o n  was 

determined b y  d i g e s t i n g  t h e  r e s i d u e  t o  C 0 2  according t o  t h e  wet 

combustion method of  van Slyke (van Slyke e t  a l e  1951) .  The C 0 2  

was absorbed i n  a s o l u t i o n  of ethanolamine-ethylene g l y c o l  

monomethyl e t h e r  ( ~ e f f a y  and Alverez 1961, see Rapkin 1962) and i$'! 
a l i q u o t s  counted i n  t h e  l i q u i d - s c i n t i l l a t o r  spectrometer ,  brim,, u 

' Y r l.f, 

.I I 
Packard Tri-Carb Model 3003, us ing  Bray ' s  s c i n t i l l a t i n g  mixture , ,  

i ' 
I I I 

(see Rapkin 1963).  Values were expressed a s  a percentage of t h e  1~ I 

/I 1 

t o t a l  a c t i v i t y  i n  t h e  so lub le  and i n s o l u b l e  f r a c t i o n s .  The a c t i v i t y  
h l g v , ,  

* ? M i l l  

i n  t h e  ethanol-soluble  f r a c t i o n  was determined b y  counting an a l i q u o t  
hi 

i n  Bray's s c i n t i l l a t i n g  mixture.  The ethanol-soluble  f r a c t i o n  
' llg 

was f u r t h e r  analyzed by s e p a r a t i n g  t h e  r a d i o a c t i v e  compounds us ing  

2-dimensional paper chromatography (M . Shiroya e t  al .  1961) . 
Chromatogram p o s i t i o n s  of t h e  r a d i o a c t i v e  compounds were i d e n t i f i e d  

b y  autoradiography. The r e l a t i v e  a c t i v i t y  i n  each of  t h e  s p o t s  

was determined by c u t t i n g  ou t  t h e  r a d i o a c t i v e  s p o t s ,  p l ac ing  them 

i n  v i a l s  conta in ing  2, 5-diphenyloxazole and 1, 4-bis-2- (4-methyl- I 

5-phenyloxazo1e)-benzene i n  to luene ,  and determining t h e  r a d i o a c t i v i t y  

i n  t h e  l i q u i d  s c i n t i l l a t i o n  counter .  



Pho~osvxt~zsis in Corn. -- 
- i:~troEcction. 

There are many aspects of carbon assimiizticn 1 -  cozn 

ti- AL,t - x v e  not been investigated. Before studies on t;-anslocztion 

cacld be set up, it was necessary to understand as zuch G; 

2ossiSlc abouc the production an6 the availability of zhe 

translocate in the leaf. 

In this part of the research the following zsgecss were 

investigated: the C02 exchange characteristics of 3 corE 

variazies; the distribution of fed '*c in different coxpoix~s at 

various times after a short cerm 14c0 assimilation axd the effect 
2 

of temserature on this distribution. 

Ex3erirrients & Results. 

CO exchanqe in corn. Some preliminary ex2erinents were -2 -- 
conducted with 3 varieties of corn to coxpare their rzres of appar- 

ecc photosynthesis and CO conpensation points with pzeviously 
2 

reported results. -.It is known that the rate of apparent ghotosynthe- 11 41;; 
sis cioubles as the light intensity doubles over the range lo3 to 

6 1.4 x 10 ergs sec-l (B jBrkman 1967) = Also, corn is able to 

renove all the C02 from the air when placed in a closed volurne 

(Tregunna et a1.1964) giving a "compensation point" of zero. 

Three varieties of corn were checked. These were Pride 

V and the Dent and Flint single cross hybrids. Usicg the infrared 

arialyzer, rates of apparent photosp.thesis were measured at1900, 

l800, and 2600 ft-c. and at an air tenperature of 2 C 0 ,  Tke CO 
2 

~oape~sacion points were de~ermined at 2600 ft-c and at lG, 15, 

20, 25, and 3 0 ' .  



2 1  

The r e s u l t s  of t h e s e  experiments f o r  a l l  3 v a r i e t i e s  

were s i m i l a r  t o  those  p rev ious ly  r epor ted .  Table I11 shows t h e  

r a t e s  of apparent  photosynthesis  f o r  P r i d e  V .  The r a t e s  doubled 

wi th  a doubling i n  l i g h t  i n t e n s i t y .  The compensation p o i n t s  a t  

a l l  t h e  temperatures  were below 2 ppm, t h e  lower l i m i t  of d e t e c t i o n  

f o r  t h e  appara tus  used. It is p o s s i b l e  t h a t  t h e s e  v a r i e t i e s  were 

a b l e  t o  reduce t h e  C 0 2  content  t o  zero .  The 2 s i n g l e  c r o s s  hybr ids  

of F l i n t  and Dent had no t  been p rev ious ly  checked f o r  t h e s e  CO 
2 

exchange c h a r a c t e r i s t i c s .  They a r e  s i m i l a r  t o  o the r  hybr ids  t h a t  

have been s t u d i e d  e x t e n s i v e l y  ( F o r r e s t e r  e t  a L 1 9 6 6 ) .  

This  pre l iminary  work shows t h a t  t h e s e  v a r i e t i e s  can {aA I ,, 
, $ :# 

e f f i c i e n t l y  f i x  C 0 2  i n  t h e  l i g h t  and t h a t  t h e y  do n o t  r e l e a s e  any C ~ J .  
r,  

of t h e  f i x e d  CO i n  t h e  l i g h t .  This  means t h a t  any charge of 14c ,I 1 I 

2 I r 

f i x e d  i n  t h e  l i g h t  can be completely accounted f o r  a f t e r  a pe r iod  4 d I 

I )  
of t i m e  as long a s  t h e  p l a n t s  remain i n  t h e  l i g h t .  Therefore,  

* I " *  

~ r i i  
t h e s e  p l a n t s  make good m a t e r i a l  f o r  s tudying  t h e  t r a n s l o c a t i o n  of 

a s s i m i l a t e d  carbon. 
I kll 

The products  of photosynthes is  i n  corn.  One of t h e  - -- 
processes  t h a t  may be a f f e c t i n g  o r  c o n t r o l l i n g  t r a n s l o c a t i o n  i n  t h e  

p l a n t  is t h e  s y n t h e s i s  of new compounds i n  t h e  l e a f .  -When t h e  l e a f  

is exposed t o  14c02, t h e  14c is incorporated i n t o  a number of 

d i f f e r e n t  compounds. Since sucrose  is  t h e  only  l a b e l l e d  compound 

t r a n s l o c a t e d  i n  most p l a n t s  (Zimmermann 1961),  t h e  d i s t r i b u t i o n  of  I 

14c among t h e  a s s i m i l a t e s  and t h e  changes i n  t h e  d i s t r i b u t i o n  wi th  

t ime a r e  important f a c t o r s  i n  determining how much of t h e  a s s imi la ted  

carbon is a v a i l a b l e  f o r  t r a n s l o c a t i o n .  3 



T ~ b l e  111. The e f f e c t  of liqht i n t e n s i t y  on the r a t e  of ap2arent  

photosynthes is  i n  corn,  v a r i e t y  P r i d e  V .  

L ight  i n t e n s i t y  
( f t - c )  . 

900 

1800 

2600 

*Xean of 2 experiments 



Sect ions  of corn l e a f  of v a r i e t y  P r ide  V, 7 cm long, 

were exposed t o  l i g h t  and 14c0 f o r  15 seconds, 30 seconds o r  1 2 

minute followed by l i g h t  and 12c02 f o r  va r ious  t i m e  i n t e r v a l s  

from zero  t o  4 minutes.  The leaves  were k i l l e d  and e x t r a c t e d  i n  

b o i l i n g  e thano l .  The d i s t r i b u t i o n  of 14c between t h e  ethanol-  

s o l u b l e  and inso lub le  f r a c t i o n s  w a s  determined and t h e  r a d i o a c t i v e  

compounds i n  t h e  ethanol-soluble  f r a c t i o n  were i d e n t i f i e d .  

F ig .  2 shows t h e  amount of 14c i n  t h e  inso lub le  f r a c t i o n  

and i n  sucrose  as a percentage of t h e  14c recovered from t h e  fed  

a r e a  a t  va r ious  i n t e r v a l s  of  t ime a f t e r  feeding .  The amount of 

14c i n  t h e  inso lub le  f r a c t i o n  was about 40A i n i t i a l l y ,  f e l l  o f f  t o  
4 ' 41, 

'I 
'I '#+ * 

! V < " * *  v 
about 25% a t  10  minutes and then  increased  r a p i d l y  t o  about 80A 

t 
% @  10.; 

;!" ' " 
i n  2 1/2  hours .  A f t e r  2 1/2 hours  t h e r e  was a gradual  inc rease  t o  ; b * '  

:I ' 

about 85% over t h e  next  10  hours .  I n i t i a l l y  t h e r e  was about 25% ) I  
" I  ( \ I ,  

of t h e  14c i n  sucrose .  The a c t i v i t y  i n  sucrose  increased  t o  about ,,..,.. 

65% a t  10  minutes and then  f e l l  o f f  t o  about 10% i n  12 hours .  The 
- I kl! t 

two curves a r e  v i r t u a l l y  mir ror  images of each o t h e r .  C ~ u r i n g  t h e  
4 ?ill;, 

f i r s t  10  minutes t h e r e  w a s  a s h i f t  of 14c from t h e  inso lub le  f r a c t i o n  

t o  sucrose .  A f t e r  10  minutes t r a n s l o c a t i o n  of sucrose  accounts f o r  

t h e  inc rease  i n  t h e  percentage of  a c t i v i t y  i n  t h e  inso lub les  s i n c e  

it is v i r t u a l l y  a l l  t h a t  is l e f t  i n  t h e  f ed  a r e a  a f t e r  t h e  sucrose  

is t r a n s l o c a t e d  ou t .  Sucrose and t h e  inso lub le  f r a c t i o n  account 

f o r  a l l  bu t  5% of t h e  t o t a l  14c l e f t  a f t e r  12 hours .  The r e s u l t s  

from paper chromatography show t h a t  most of  t h e  remaining 14c is  

i n  f r e e  glucose and f r u c t o s e  and i n  1 o r  2 organic  a c i d s . J  



Fig. 2. Distribution of 14c in sucrose and the ethanol-insoluble 

fraction of the fed area, expressed as a percentage 

of the 1 4 ~  left in the fed area at various times after 

a 1 min. feeding in 14c02 in the light followed by 

12c0 in the light. 
2 





The v a r i a b i l i t y  among experiments on d i f f e r e n t  days 

was about f 1 ~ .  The v a r i a b i l i t y  i n  t h e  r e s u l t s  appeared t o  be i n  

t h e  pre t rea tment  of t h e  p l a n t s ,  s i n c e  t h e  p l a n t s  t h a t  were used 

on any one day f o r  an experiment behaved almost i d e n t i c a l l y .  The 

e f f e c t  of  pretreatment  was not  f u t h e r  i n v e s t i g a t e d .  

Analysis  of t h e  e thanol -so luble  f r a c t i o n  i s  summarized 

i n  Fig .  3 .  A t  t h e  end of a 15 second feeding about 65% of t h e  

14c was presen t  i n  malic a c i d  p l u s  o t h e r  organic  a c i d s ,  almost 

20"k i n  a s p a r t i c  a c i d  and about 1% i n  sucrose .  About h a l f  of 

t h e  a c t i v i t y  i n  t h e  organic  a c i d s  was i n  malic  a c i d ,  a-keto- 

g l u t a r a t e  and g l y c o l a t e  were i d e n t i f i e d  and con t r ibu ted  5 and 2% b1 ' 1 1  I 

1 '4 ,  1 
i 

r e s p e c t i v e l y  of t h e  a c t i v i t y  i n  t h e  organic  a c i d  f r a c t i o n . ' -  A t  ; , , q , ~ ~ ~ ~ ~  1 

T I $  11% " 
1, ' I ,  

t h e  end of t h e  1 minute exposure t o  14c02 about 60"k of t h e  a c t i v i t y  : 
1' 
I I 

w a s  i n  t h e  organic  a c i d s ,  about 15% i n  a s p a r t i c  a c i d  and about I /  

, I \ &  

20% i n  sucrose .  The remaining 5% was mainly i n  phosphorylated 
' 

*I4 1' 

compounds with t r a c e s  i n  o the r  amino a c i d s .  Analysis  a t  succeeding 
1111141 a 

1 minute i n t e r v a l s  showed t h a t  t h e  a c t i v i t y  i n  sucrose  increased  
I$;: I 

r a p i d l y  wi th  t ime,  reaching 75 t o  80% of t h e  t o t a l  so lub le  

a c t i v i t y  i n  5 minutes.  The a c t i v i t y  i n  t h e  organic  a c i d s  and 

a s p a r t i c  a c i d  decreased correspondingly r a p i d l y .  A t  the end of t h e  

15 second feeding t h e  amount of  a c t i v i t y  i n  a -ke toglu tara te  was 

about twice t h e  amount p resen t  i n  g l y c o l a t e .  A t  t h e  end of  t h e  1 

minute feeding t h e  r e l a t i v e  amount of a c t i v i t y  i n  t h e  2 compounds 

was reve r sed ,  The percentage a c t i v i t y  i n  g l y c o l a t e  remained high 

over t h e  following 4 minutes.  The 2 amino a c i d s ,  clralanine and 

g lyc ine ,  contained a small amount of 14c a f t e r  t h e  1 minute-  

feeding and t h e  amount s lowly increased  with t ime. 



Fig .  3 .  D i s t r i b u t i o n  of 14c among compounds of t h e  e thanol -  

s o l u b l e  f r a c t i o n  of  a corn l e a f  fed  14c02 a t  24' f o r  

1 min. i n  t h e  l i g h t  followed by 12c02 i n  t h e  l i g h t .  



Time (minutes) 



. 7 -  r a s i c i y  c o n v e r ~ e d  t o  sucrose ,  t he  t r a n s l o c a t i o n  CG:,-,-ToL:-L. Gf 

rho  i n i t i a l  14c f ixed,  80% i s  i n  t h e  s o l u b l e  f r z c c ; ~ : ~  Z:LE 5 

a i n ~ c e s  and of t h i s  80% is  i n  suc rose ,  thus  naking 647; cZ tL=e 

f ixed  14c p o t e n t i a l l y  a v i i l a b l e  f o r  t r - n s l o c a t  ion .  W ~ C ? ~  f z r ~ h e r  

c i x e ,  a d d i t i o n a l  1 4 ~  i s  x o b i l i z e d  i n t o  suc rose .  PTP-etker or r,oz 

a l l  02 t h i s  sucrose is t r a n s l o c a t e d ,  t h i s  c a l c u l a t i c n  sl-iows t h a t  

wi th in  5 minutes t h e  sucrose  pool  i n  t h e  fed  a r e a  i s  e x - ~ e n s i v e .  

According t o  Donovan (1965) t h e  F l i n t  si::gle ccrn hy3rid 

u 1 b, >as a  g r e a t e r  degree of t o l e r a n c e  t o  low temperazurss c7ian cZe P 1  #' ~ S L Q  r 
) 

l$t, :- " # 

 den^ hybr id .  These hybr ids  were used i n  a  s tudy  I:-- che products  
!i, Ib,, 
I 1. 

of photosynthes is  i n  corn a t  a  lower temperature of 8'. I 

I '  

The 2 hybr ids  were grown f o r  3 weeks i n  z growth chaaber 
(, I 

under 16 hours l i g h t  and 8 hours  dark ,  13' day tem,seracures anc 
HiUW 

5' n igh t  temperatures ,  an2 a t  2000 f t - c .  and a  r e k c i v e  h u n i d i t y  oi 
Ill cht 

75 t o  85%. During t h e  f i r s t  week t h e r e  was l i t t l e  d i f f e r e r x e  
!d;;$, 

between t h e  growth of t h e  Dent and F l i n t  hybr ids .  A i l  t3e seedl inc  

were p a l e  green i n  c o l o r ,  During t h e  second week t h e  Dent hybr id  

developed n e c r o t i c  l e s i o n s  on t h e  l e a f  t i p s  and margins, and chere  

was l i t t l e  f u r t h e r  growth of t h e s e  seed l ings  a t  t h i s  low teapera tu r  

The F l i n t  hybr id  however, produced no l e s i o n s  bu t  remained p e e E  

anC continued t o  grow slowly (Fig ,  4 ) .  Thus t h e  F l i n t  'riybzid 

exh ib i t ed  a g r e a t s r  t o l e r a n c e  t o  low temperatures  a s  Donovan 

repor ted .  



F i g .  4. Corn plants grown at day temperature ,of 1 3 O  and night 

temperature of 5 OC . Left; Flint. Right; Dent. 





The p l a n t s  used f o r  t h e  a n l a y s i s  of t h e  products  of 

photosynthes is  a t  8O were grown i n  t h e  greenhouse f o r  6 weeks and 

t h e  p l a n t s  were t r a n s f e r r e d  t o  t h e  growth chamber a t  8O 1 hour 

be fo re  feeding.  Analysis  of t h e  products  of  photosynthesis  a t  

8O showed t h a t  t h e  r a t e  of sucrose product ion d id  not  d i f f e r  

g r e a t l y  between t h e  2 hybr ids .  The major d i f f e r e n c e  was i n  t h e  

amount of t h e  14c presen t  i n  malic  a c i d  immediately a f t e r  t h e  1 

minute feeding (Fig.  5 ) .  A t  t h e  end of t h e  1 minute feeding t h e  

Dent hybr id  had almost 2 t imes more 14c i n  malic  a c i d  than  t h e  

F l i n t  hybr id .  Correspondingly,  t h e r e  was much l e s s  r a d i o a c t i v i t y  

i n  t h e  o t h e r  organic  a c i d s  i n  t h e  Dent hybr id .  I n  both  hybr ids  

about 15% of t h e  a c t i v i t y  went through a s p a r t i c  a c i d ,  

When t h e  changes i n  t h e  d i s t r i b u t i o n  of 14c i n  t h e  

products  of  photosynthes is  a t  8O a r e  compared with those  a t  24O 

it is  noted t h a t  t h e  amount of  sucrose  produced during t h e  1 

minute feeding a t  8O was l e s s  than  a t  24'. The r a t e  of sucrose  

product ion during t h e  next  4 minutes was t h e  same a t  t h e  2 temp- 

e r a t u r e s .  I n  t h e  Dent hybr id  t h e  amount of a c t i v i t y  i n  malic 

a c i d  a t  8O w a s  double t h e  amount p resen t  a t  24O, 

Although a t  t h e  lower temperature t h e  production of 

sucrose  was somewhat delayed, sucrose  was s t i l l  t h e  main product 

of photosynthes is .  The lower temperature had a g r e a t e r  e f f e c t  

on t h e  p a t t e r n  of carbon f i x a t i o n  i n  t h e  Dent hybr id  i n  t h a t  a 

much g r e a t e r  propor t ion  of t h e  14c went through malic a c i d .  There 

was l i t t l e  d i f f e r e n c e  between t h e  Dent and F l i n t  hybr ids  i n  

sucrose  product ion and t h e r e  was l i t t l e  e f f e c t  of  temperature on 

t h e  amount of sucrose  made a v a i l a b l e  f o r  t r a n s l o c a t i o n  i n  5 minutes,  



Fig. 5. Distribution of 14c among compounds of the  ethanol- 

soluble f ract ion of corn leaves (Dent and F l i n t  

var ie ty)  fed 14c0 a t  8OC for  1 min. i n  the  l i g h t  
2 

followed by 12c02 i n  the l i g h t .  
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3 i s c ~ : s s L o n  

Corn was found to utilize all 

valcm of air as had also kcen found by 

7arz~sccr et a1. (1366) , anG Ei-Sharkawy 

h e n  incerprcted to mean that corn does 

tne Light. Although most species do evolve C 0 2  in ,he lis't 

(phozorespiration) , (Tregunna et al, 1964, Fcrres'cer et 5; -1566) 

corn is not the only plant thst has not apparenc res~ir~zicr, in cke 

l g h  Hartt (1965) found r,o conpensation p0ii2t in sucjzrcar~e ar.d 

31-Shzrkawy reports that another monocot, sorghum, z2d z dicot, 

Xnaranthus edulis, also release no C 0 2  to cLe atxosskere in the 

light. 

The assimilatiori of CO involves the enz~yxzcic coupiin~ 
2  

of C 0 2  to an organic compound thought to be ribuiose di$iosphate. 

This process is immediately followed by the synthesis G? new 

compounds in the leaf. The results of the experixe?-ts 

in corn most of the fixe6 C 0 2  is converted to sucross, 

iocztion compound. 

the investigations the availability 

some interesting informat ion L? ~ n e  path 

show that 

- Lie rn trans- 

the '% - 'or 

iri corn came to light. According to Calvir, and 3ass'nam (1962) 

C 0 2  is coupled to ribulose-1,s-diphosphate by the enzyrr.2 ribuiose- 

1,5-diphosphate carboxylase with the subsecpent f~rxztion of 

phosphoglyceric zcid (PGA) and 3, 4, 5, 6 and 7 car303 scszxs. 

The results from the investigation in corn on the distrib-;tion of 

14 
C  at various times after a 14c02 feeding do not s;j?ort the 

above pathway, 

compcunds after 

Malic and aspartic acid were the 1zSelled 

n1 a brief exposure of the leaf to %o,. .ce 



formation of these compounds in large quantities without the 

formation of PGA suggests that C02 fixation in corn occurs via 

a different pathway by a different set of enzymes. 

Recent evidence by BjOrkman (1967) indicates that the 

rate of photosynthesis in corn does not coincide with the activity 

of the enzyme ribulose-1.5-diphosphate carboxylase as it does in 

other species he examined. Other enzymes appear to be involved 

in C02 fixation in corn. Further evidence for the existence of 

a different enzyme(s) comes from the work of Kortschak et ale (1965) 

and Hatch and Slack (1966) on sugarcane. The products of photo- 

synthesis in corn and sugarcane are very similar in that after a 

15 second exposure to 14c0 of leaves of either species, most of 
2 

the radioactivity is found in malic and aspartic acid. Hatch and 

Slack (1966) suggest that the enzyme ribulose-1,5-diphosphate 

carboxylase is inactive in sugarcane and that the primary carbo- 

xylation reaction is via some other enzyme. In the sugar beet 

Burma and Mortimer (1957) found that the carbon is fixed by the 

photoreduction cycle proposed by Calvin and Bassham, but that there 

is also some CO being fixed into malic acid independently of the 2 
other photoreduction cycle. 

The initial high percentage of the total 14c in the 

ethanol-insoluble fraction followed by a decline in activity 

suggests a direct incorporation of 14c02 into the ethanol-insoluble 

compound(s) . The nature of the insoluble compound(s) remains to 
be investigated. Neither Kortschak et a1 nor Hatch and Slack 

found any evidence of a similar incorporation of l4c0 2 into 

ethanol-insoluble compounds. In sugarcane there was a gradual 



- :.-.ss;sz;tion o5 chc 1 4 ~  i:=to tke e t h n ~ o l - i r . s o l i ~ _ ;  Pro;;-or. 

- - -  Bxrri-,; and Mortimer (1357) foucd t h a c  t h e  e t k ~ n o l - i n s ~ - u s , ~  rzsLCue 

Webb and Gorham (1964) found th'=lat a f t e r  a 15 secone f~ecllr-5 over 

60"A o2 t h e  was i n  t h e  et:--mnoi-insoluble frac-cior., fcllovisd 

by a r a p i d  d e c l i n e  during t h e  f i r s t  5 minutes and t5en zezicined 

r e l a t i v e i y  unchanged f o r  the next  2 t o  3 hours .  T z ; ~  ec 21. (1964) 

0 a n 6  t h a t  i n  c e l e r y  75% o r  more of t h e  14c was i n  khe ecl-.ai?ol- 

i i -soluble  f r a c t i o n  with fee2ing t imes of l e s s  chan i5 s e c c ~ ~ d s .  

- . -  i p s  e l  I 4  

S i a i l a r  b u t  smal ler  amounts were found i n  mapie, Cory., ,l,y of 

t h e  v a l l e y ,  avocado, b i r c h  and l i l a c  (Tr ip  e t  a l .1564 ; .  
I ' 

Stud ies  of t h e  d i s t r i b u t i o n  of 14c i n  t h e  var ious  cox,- , 
1191 

pounds a t  8' i n d i c a t e  t h a t  low temperatures  do not  a l t e r  the  pa th  ,Ill 

' illll ' 
of carbon q u a l i t a t i v e l y  i n  corn.  The product ion of sacrcae  was I 

delayed cons iderably ,  however, The l a b e l l e d  compounCs ax a 0  were I "I" " , 1; 

t h e  sane a s  those  a t  2 4 O  and t h e y  a l s o  appeared i n  t h e  szxe o rde r .  

It appears  t h a t  a decrease  i n  temperature slows down t h e  o v e r a l l  

r e a c t i o n  of carbon f i x a t i o n  and a s  such should be z v a l ~ a b l e  

approach i n  determining t h e  pa th  of  photosynthesis  i n  corn .  

A f t e r  t h e  s h o r t e s t  feeding t ime (15 seconds) a c  S Q O ,  

3 amino a c i d s  were p resen t  i n  t h e  e thanol -so luble  f r a c t i o n .  

3 e s e  were a s p a r t i c  a c i d ,  cvralanine and g lyc ine .  The arnaxt or' 

z c t i v i t y  i n  a s p a r t i c  a c i d  decreased r a p i d l y  with t i r .~,  whereas 

t k e  a c t i v i t y  i n  a-alanine and g lyc ine  increased  s lowly.  A t  

S o  a t  t h e  end of t h e  1 minute feeding a s p a r t i c  a c i d  x>e xain 

c:.-,ino a c i d  l a b e l l e d  with o n l y  a t r a c e  of a c t i v i t y  i n  a - ~ l a ~ i n e .  



--. 
--.IC L:.-.~LzL a2 activity ln C L - L ~ C - T L L - I ~  m c r c ~ ; ~ d  w ~ ~ ? .  --x. Lr*L 

c l y c i n z  bcc~mc radioac+clvc. oZhese r e s u l t s  ii-.di~;:, ;kc,  

aspczz lc  a c i d  i s  a very e a r l y  ~ ~ ~ t e r m e d i a t e  Lr. carzs:. fI;:,z;oa 

- - -- - - -  ~ ~ h e r z a s  r -alanine and g iyc ine  a re  s e c o n d ~ r i l y  l&ci,zd.  ,, ,, 

not  h o r n  whethcr a s p a r t i c  a c i d  Is prozuced by a  ses,rz:c carko- 

xylzc ion  r e a c t i o n  o r  whechez It is formed by t r a n s x i n ~ t l o n  

Lrox :nzilc a c i d .  The amount of ~ c t i v i t y  i n  asparkie d c l c  

2ccrcases  more or  l e s s  a t  t h e  sane r a t e  a s  t h a t  i n  r , z l i c  a c ~ d ,  

i n d i c z t i n g  t h a t  e i t h e r  a s p a r t i c  a c i d  is  not  p r o k c e c  f r m  r a l i c  

a c i d  o r  t h e  2 compounds occur i n  equi l ibr ium with ezch ozke,-. 

I n  t;?e sugar  beec t h e r e  d i d  not  appear co  be any d e f ~ n i t s  a s soc i -  

az ion  Letween malic and a s p a r t i c  a c i d  (Burma and Xor-clmsr l 9 5 7 ) .  

From t h e s e  d i s t r i b u t i o n  experiments chere i s  no evliience 

of t h e  p a t h  followed by carbon f r o n  malic  and a s p a z t ~ c  a c i d  co 

s ~ c r o s e  . Sucrose is, however, -,he main product of p'notosyi?c>esis 

cha t  accumulates i n  l a r g e  q u a n t i ~ i e s  I n  t h e  l e a f .  Sccrcse xakes 

u? uswards t o  85% of t h e  echanol-soluble f r a c t i o n  o r  abo,, 65% of 

cXe c o t a l  14c i n  t h e  f ed  a r e a  a f t e r  10 miautes .  I n  su5zrc;ne a j o u t  

7Pb of t h e  e thanol -so luble  f r a c t i o n  was i n  sucrose  ( K o r t s c k k  e t  

a l . l 9 6 5 ) ,  i n  soybean l eaves  a  maximum of 55% (Nelsoc 2 t  a L 1 9 6 i ) ,  

i n  t o j a c c o  from 25 t o  7% depending on t h e  s t a g e  of d e v e l o p e n t  of 

t h e  l e a f  (M. Shiroya e t  a1.1961) and i n  p ine  seed l ings  a b o ~ z  70"h 

;". Shiroya e t  al01962b), Coinpared t o  o the r  spec ias  corr, has  a  l a r g e  

2001 of sucrose  produced i n  a  s h o r t  t ime t o  se rve  a s  t h e  t zacs -  

l o c a t i o n  s u b s t r a t e .  F ig .  2  i n d i c a t e s  t h a t  most 05 t k e  sucrose i s  

r ~ 2 i d l y  l o s t  from t h e  fed  a r e a  of t h e  l e a f  b u t  betweex 5 2nd 10"A 



of t h e  remaining 14c is  s t i l l  i n  sucrose  even 1 2  hours a f t e r  

feeding.  A similar compartmentalization o r  sepa ra t ion  i n t o  

d i f f e r e n t  sucrose  pools  has  been observed by o the r  i n v e s t i g a t o r s  

i n  o t h e r  p l a n t  spec ies .  Older tobacco leaves  which were very  

r i c h  i n  sucrose  t r a n s l o c a t e d  on ly  a smal l  percentage o f  the suc rose ,  

t h e  rest remaining i n  t h e  l e a f  not  r e a d i l y  a v a i l a b l e  f o r  t r a n s -  

l o c a t i o n  (M. Shiroya e t  a1 1961) . The sugar  b e e t  l e a f  s t i l l  

contained 40 t o  50% of t h e  a s s i m i l a t e d  14c, mostly i n  sucrose ,  

a f t e r  t r a n s l o c a t i o n  had v i r t u a l l y  ceased (Mortimer 1965).  I n  

p ine  seed l ings  it was found t h a t  sucrose  occurs  i n  2 forms i n  t h e  

l eaves ,  e i t h e r  as s t o r a g e  o r  as t r a n s p o r t  sucrose  (T . Shiroya e t  4 f t l j ,  
b l l  

1.1 

a1 1962b). Compared t o  o t h e r  s p e c i e s  corn has  a l a r g e  percentage p ' u ' ' l L t l  

' ' 
I !  

of i ts sucrose  as t r a n s l o c a t i o n  sucrose .  I 



m--, LLunslocacion  involves a novencnt of ass; ; r , ; ;~ te  fzcx 

- - =  L;.L soilrce ( the  l e a f )  t o  t h e  s i n k s  (accu:r,ulating z-rcac) . 3efc;e 

el A e  a c c ~ a l  process  of t r a n s l o c z t i o n  was considczed, tk, c,,tz;Sution 

of che t ra: ls locate  throughout t h e  p lan t 'was  investlgi: id.  

Evidence i n d i c a t e s  t k z t  t h e  s i n k s  i n f l w n c e  zhe --.--. bL. GAS - 
l o c a t i o n  from t h e  leaves  (Lupton 1966, Hew i 9 6 5 ) .  5-x d e s t l r L ~ - , i o n  

05 che c r a n s l o c a t e  from each of ;he l eaves  of corr, w,s ir.vcs-,igated 

co d e ~ e r m i n e  t h e  d i s t r i b u t i o n  of  t h e  s i n k s  t h r o u g h o ~ c  - ,ite p k n c ,  

anc i f  o s s i b l e  t o  determine how t h e  s i n k s  inf luence  t r a n s i o c a t i o n  

f ro=  he l eaves .  

E s ? e r i n e n t s  and R e s u l t s  

The p l a n t s  t h a t  were s e l e c t e d  f o r  t h i s  s~ud iy  weze 

z b m t  2 nonths o l d  and had 7 o r  8 l eaves .  A t  t h i s  age t?&z lowest 

~ h e e  leaves  a r e  f u l l y  expanded and another  4 o r  5 leaves  a r e  

p r e s e c t  i n  va r ious  s t a g e s  of development. The younsest l e ~ f  

d i sp laysd  a b lade  about 10 cm long. The p lanes  were allcwed t o  

C= uLA -7 y on t r ans loca t io r .  f o r  2 4  hours a f t e r  feeding 1 4 ~ ~  t o  a 
2 

7-cm s e c t i o n  of one l e a f  f o r  5 minutes ,  A per iod  of 2 4  hours 

(16 hours l i g h t ,  8 hours  dark)  wzs chosen t o  a l low most .05 che 

J-V-u b A a ~ s l o c a c e d  sucrose t o  move t o  t h e  a c t i v e  s i n k s .  The pat-cern 
.. 

of t r a ~ s l o c a t i o n  from t h e  var ious  l eaves  was determined by c u t t i n g  I 

t h s  pLant i n t o  p ieces  and analyzing each p iece  s e p a r a t e l y  f o r  
c' 

i t s  content  as shown i n  F ig .  6 A-G. ' ~ i n c e  t h e  p l a t s  were g r o m  

i n  v e r a l c u l i t e  it was d i f f i c ~ i t  t o  o b t a i n  a l l  t h e  r o o t l e t s  f o r  



14 
F i g .  6 .  D i s t r i b u t i o n  of C i n  t h e  v a r i o u s  p a r t s  of ~ h e  

corn p l a n t  a f t e r  24 hours of  t r a n s l o c a t i o n  from 

d i f f e r e n t  l eaves  expressed  a s  a  percen tage  of 

14 
t h e  t o t a l  C i n  t h e  p i a n t .  Leaves were feCi 

14C02 f o r  5 min. i n  t h e  l i g h t  i n  t h e  a r e a s  sl--awn, 
7 - 
IL 

followed by 24 hours i n  
Co 2 

i n  t h e  l i g h t  f o r  

16 hours and i n  t h e  dark  f o r  8 hours.  

A l e a f  1 

B,C l e a f  3 

D I E  l e a f  ,4 

F l e a f  5 

G l e a f  6 







a n a l y s i s .  The r a d i o a c t i v i t y  found i n  t h e  r o o t s  is thus  probably 

lower than  t h e  a c t u a l  amounts p resen t  .3 
The r e s u l t s  a r e  summarized i n  F ig .  6 A,G. A l l  of t h e  

l eaves  exported 14c even though some of t h e  leaves  were only  .. 

p a r t i a l l y  expanded and must t h e r e f o r e  have been separa ted  from 

t h e  stem by a mer i s t ima t i c  reg ion .  The amount of m a t e r i a l  

leaving  an immature l e a f  however, was small compared t o  t h e  mature 

l eaves .  r ~ h e  more mature t h e  l e a f  t h e  more photosynthate  was 
L- - 

- \ 
t r a n s l o c a t e d  from t h e  l e a f  t o  o t h e r  p a r t s  of t h e  p l a n t A ( T a b l e  I V ) .  

I n  ve ry  immature leaves  ( l e s s  than  1/3 expanded) a l a r g e  percent-  

age of t h e  r a d i o a c t i v i t y  was r e t a i n e d  i n  t h e  l e a f  b lade  ou t s ide  .I) 

I f ,  

t h e  fed  a r e a .  Not u n t i l  t h e  b lades  were f u l l y  expanded were bhH $ 1 ,  

r b 1! 

~ ' r  v I Y I  

l a r g e  amounts r e t a i n e d  b y  t h e  expanding l e a f  shea ths .  F u l l y  
d I ,  , 

? 

mature l eaves  r e t a i n e d  a t  l e a s t  p a r t  of  t h e  r a d i o a c t i v i t y  i n  t h e  
I 

l e a f  o u t s i d e  t h e  f ed  a r e a .  The amounts r e t a i n e d  were g e n e r a l l y  i n  
t 

k i t '  $ <  

t h e  order  of about 15%, most of t h i s  being i n  t h e  ethanol-soluble  
I I D  I * ' 

f r a c t i o n .  {I' , 
'#IN r'. 

A l l  of t h e  mature l eaves ,  whether above o r  below t h e  

f e d  l e a f ,  imported some of t h e  t r a n s l o c a t e .  However, t h e  f u r t h e r  

t h e  l e a f  was from t h e  fed  l e a f  t h e  l e s s  it imported from t h a t  

l e a f ,  r e g a r d l e s s  of t h e  age of t h e  l e a f .  Most of t h e  radio-  

a c t i v i t y  imported b y  mature l eaves  was recovered i n  t h e  ethanol-  

so lub le  f r a c t i o n .  The average percentage of t h e  r a d i o a c t i v i t y  I 

i n  t h e  s o l u b l e  f r a c t i o n  i n  t h e s e  mature leaves  was 66.4 f 10.8 

(n=16). This  is  i n  c o n t r a s t  with t h e  o the r  p a r t s  of t h e  p l a n t  

where t h e  r a d i o a c t i v i t y  was d i s t r i b u t e d  more o r  less 50:50 between 

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



Trans loca t ion  from corn leaves  var ious  

i n  24 hours .  

Leaf No. Trans located 

Froin t h e  From t h e  
Fed Area leaf 

To t:=e 
r o o t s  

7 (youngest) 71.8 8.6 



I n  a l l  but  2 cases  more r a d i o a c t i v i t y  w a s  t r a n s l o c a t e d  

towards t h e  r o o t s  than  upwards t o  t h e  growing p o i n t  (Table V ) .  

The 2 except ions were leaves  on which t h e  shea ths  were j u s t  about 

f u l l y  expanded. The growing leaves  appeared t o  produce most of 

t h e i r  own s t ibs t r a t e  f o r  growth and l i t t l e  was imported from t h e  

leaves  below. The lower t h e  l e a f  was on t h e  p l a n t  t h e  more of t h e  
' 

exported photosynthate  was recovered i n  t h e  r o o t s .  

Discussion. 

The s tudy  of t h e  d e s t i n a t i o n  of t h e  t r a n s l o c a t e d  14c 

revealed  t h e  s i n k s  and t h e  r e l a t i v e  importing a c t i v i t y  of t h e  s i n k s  

i n  t h e  young corn p l a n t s .  A young growing corn p l a n t  has  many I !  

' qll 1 , q  

mer i s t ima t i c  r eg ions ,  t h e  r o o t s ,  s t e m  apex, t h e  growing leaves  and uln';',; 

,*I? I lli( 

t h e  growing stem. It was found t h a t  a l l  of t h e s e  regions  ac ted  ' fU,, 

as a c t i v e  s i n k s  and imported 14c from a l l  of t h e  l eaves .  Of 

t h e  s i n k s ,  t h e  r o o t s  imported t h e  g r e a t e s t  percentage of t h e  t r a n s -  
, I 

, I  I 1  , 
l o c a t e d  14c. It is i n t e r e s t i n g  t o  n o t e  t h a t  even f r a c t i o n a l l y  

l l D l  

expanded leaves  exported a t  l e a s t  some of t h e i r  a s s i m i l a t e s  t o  t h e  
t 

#I!, ' $. 

r o o t s .  A s  i n  o the r  s p e c i e s  t h a t  have been i n v e s t i g a t e d ,  soybean 

(Thaine 1959, Thrower 1962) and wheat (Lupton 1966),  t h e  corn l eaves  

c l o s e s t  t o  t h e  r o o t s  t r a n s l o c a t e d  t h e  h i g h e s t  percentage of t h e i r  . 

exported a s s i m i l a t e s  t o  t h e  r o o t s  (Table V) . 
A f t e r  t h e  r o o t s ,  t h e  stem apex imported t h e  next  l a r g e s t  

percentage of t h e  a s s i m i l a t e s .  Of t h e  a s s i m i l a t e s  that were exportel 

from t h e  l eaves ,  from 10% from t h e  o l d e s t  t o  45% of  t h e  youngest 

l eaves  w a s  t r a n s l o c a t e d  t o  t h e . a p i c a 1  mer i s t ima t i c  reg ion .  T h i s . .  
' -% 

p a t t e r n  is  s i m i l a r  t o  t h e  one f o r  wheat and soybean. 



Table V. Destination of 14c translocated from corn leaves of 

various ages. 

Leaf No. Percentage Translocated 

7 (youngest) 

UP Down 



I The growing leaves  and l e a f  shea ths  imported some of 

t h e  a s s i m i l a t e s  t r a n s l o c a t e d  from o t h e r  l eaves ,  b u t  never more 

than  10% of t h e  t o t a l  14c i n  t h e  p l a n t  was found i n  any one l e a f  

o r  shea th ,  except f o r  t h e  l e a f  expor t ing  14c. A s  t h e  length  of 

t h e  l e a f  increased ,  t h e  amount of a s s i m i l a t e  imported from o the r  

l eaves  decreased.  By t h e  t ime t h e  l e a f  was between 1/3 and 1/2 

expanded on ly  1 t o  2% of t h e  14c i n  t h e  p l a n t  was found i n  t h a t  

l e a f .  This  amount was on ly  s l i g h t l y  more than  t h a t  imported by  

f u l l y  expanded l eaves .  I n  t h e  p a r t i a l l y  expanded leaves  most of 

t h e  14c was found i n  t h e  growing region  of t h e  l e a f .  

The vascu la r  bundles from a l l  t h e  leaves  i n  corn a r e  !' , P I , ,  

U ' i  1 3  

in terconnected  i n  t h e  stem (Kumazawa 1961).  It is t h e r e f o r e  no t  l l l l l l  , 
k 4 

I? . I, 4 

t o o  s u r p r i s i n g  t o  f i n d  some 14c i n  a l l  t h e  l eaves ,  b u t  t h e  amount ? I 

found i n  mature leaves  was r e l a t i v e l y  small, t h e  t o t a l  14c r e c o v e r e d .  

from a l l  t h e  l eaves  t h a t  were 1/2 o r  more expanded was l e s s  than  ,, 
I I '  I 

5% of t h e  t o t a l  14c i n  t h e  p l a n t .  
" D  ' 

These experiments show t h a t  smal l  amounts of  t h e  t r a n s -  
1 PI'! 

l o c a t e  remain i n  t h e  vascu la r  t i s s u e  of t h e  expor t ing  l eaves ,  

(being l e s s  than  3% of t h e  t o t a l  14c i n  t h e  p l a n t ) .  Over 50% of 

t h i s  a c t i v i t y  was recovered from t h e  ethanol-soluble  f r a c t i o n .  

The mature l e a f  shea ths  on t h e  o t h e r  hand contained between 1 and 

16% of t h e  t o t a l  a c t i v i t y  and again  between 50 and 75% of t h i s  w a s  -. 
i n  t h e  ethanol-soluble  f r a c t i o n .  The amount of 14c found i n  t h e  

stem, no t  counting t h e  stem apex, was low (being o n l y  between 1 

and 8.5% of  t h e  t o t a l  14c) , and w a s  d iv ided  about 50: 50 between 

t h e  s o l u b l e  and i n s o l u b l e  f r a c t i o n s .  Thus r a d i a l  t r a n s l o c a t i o n  



from the  t ranspor t  stream va r i e s  with t he  p lan t  organ, being the  

lowest i n  t he  l ea f  blade and t h e  highest  i n  the  l ea f  sheath. The 

loca l i za t ion  of t h i s  r a d i a l l y  t rans loca ted  and accumulated 

mate r ia l  was not inves t igated.  

The corn p lan t  has many s inks  which import t r ans loca t e  

from a l l  t he  leaves.  The a c t i v i t y  of any one of those s inks  

could influence the  t rans loca t ion  from the  leaves.  The roo t s  

comprise t he  l a r g e s t  s ink  i n  t he  young p l an t s  and influence 

t rans loca t ion  from a l l  t he  leaves.  However, it appears t h a t  any 

meristematic region i n  corn is  a major s ink  fo r  the  import of 

t r ans loca t e .  



Trans loca t ion  of Assimilated 14c i n  Corn. - --- 
In t roduc t ion .  

Before a system could be s e t  up t h a t  could be used t o  

s t u d y  t h e  c o n t r o l  of t r a n s l o c a t i o n ,  it was necessary  t o  under- 

s t a n d  a s  much a s  p o s s i b l e  about t r a n s l o c a t i o n  i n  corn.  

I n  t h i s  p a r t  of t h e  r e sea rch  t h e  following a s p e c t s  

were inves t iga ted :  t h e  form i n  which organic  compounds are 

t r a n s l o c a t e d  i n  corn; t h e  v e l o c i t y  of  t r a n s l o c a t i o n  i n  corn; t h e  

sucrose  p r o f i l e  i n  t h e  l e a f  b lade  and changes i n  t h e  p r o f i l e  

with manipulation of t h e  source o r  t h e  l e a f  blade;  and t h e  
r 6P ,p , 

l o c a l i z a t i o n  of t h e  t r a n s l o c a t e  i n  t h e  l e a f  b lade .  " I  1st  
I r l i ,  , 

Experiments and Resu l t s  * b M ~ , ~  ,,* 
" I 

/ ,I 

I d e n t i f i c a t i o n  -- of t h e  t r a n s l o c a t e .  To determine t h e  

form i n  which carbon is  t r a n s l o c a t e d  i n  corn,  a l e a f  segment was 

exposed t o  14c02 f o r  5 minutes and then  placed i n  a i r  f o r  5 minutes. 
4 ' I  I ,  

A t  t h e  end of t h i s  t ime t h e  l e a f  was c u t  i n t o  2.5-cm s e c t i o n s ,  
* & '  

k i l l e d  and e x t r a c t e d  i n  b o i l i n g  80% e thano l  and t h e  r a d i o a c t i v e  y 'i~! 

compounds i d e n t i f i e d  by 2-dimensional chromatography and auto- 

radiography. 

The on ly  r a d i o a c t i v e  compound t h a t  was de tec ted  i n  t h e  

corn l e a f  below t h e  fed  a r e a  was sucrose .  During t h e  course of 

t h i s  work, t h i s  and s i m i l a r  t e s t s  were c a r r i e d  out  about 20 t imes 

wi th  t h e  same r e s u l t s .  It is concluded t h a t  sucrose is t h e  form 

i n  which organic  carbon f ixed  i n  photosynthesis  is  t r a n s l o c a t e d  

i n  corn.  Loomis (1945) made t h e  same conclusion from s t u d i e s  of 

t h e  s o l u b l e  m a t e r i a l  i n  corn p l a n t s .  He found t h a t  changes i n  

carbohydrate content  of  l eaves  and stems was mainly due t o  l o s s  



o r  accumulation of sucrose .  From t h i s  he  concluded t h a t  i n  

corn ,  sucrose i s  t h e  main t r a n s l o c a t i o n  sugar .  

The t r a n s l o c a t i o n  v e l o c i t y  and p r o f i l e ,  Two measurements - 
a r e  u s e f u l  i n  descr ib ing  t h e  c h a r a c t e r i s t i c s  of t r a n s l o c a t i o n  of  

organic  compounds o r i g i n a t i n g  i n  photosynthes is .  These a r e  t h e  

v e l o c i t y  of t r a n s l o c a t i o n  of 14c and t h e  p r o f i l e  of 14c concent- 

r a t i o n  a long t h e  l e a f .  

A narrow segment of corn leaves  was fed  14c02 f o r  1 

minute. The leaves  were then  l e f t  t o  c a r r y  on photosynthesis  i n  

was k i l l e d  and e x t r a c t e d  i n  b o i l i n g  8% e thano l .  The r a d i o a c t i ~ i t y ~ , ~ , , ~  

d- ull ,,, 

i n  each s e c t i o n  was determined by  counting a l i q u o t s  of t h e  e  t r a c t  " I '  

, ; 
I I i n  t h e  l i q u i d  s c i n t i l l a t i o n  counter .  I n  a l l  s e c t i o n s  of t h e  l e a f ,  I,, 

o the r  than  t h e  f ed  s e c t i o n ,  t h e  8V/0 ethanol-soluble'fraction 

accounted f o r  more than  95% of t h e  t o t a l  r a d i o a c t i v i t y .  I n  add- 
I , ,. 

i t i o n ,  sucrose  was t h e  on ly  14c l a b e l l e d  compound recovered. 
I '  

The v e l o c i t y  of t r a n s l o c a t i o n  was es t imated  by measuring 
! 

1 l d .  

t h e  d i s t a n c e  t r a v e l l e d  by  t h e  s u c r ~ s e - ~ ~ ~  during t h e  experiment. 

~ u c r o s e - ~ ~ ~  was de tec ted  26 cm down t h e  l e a f  b lade  9 minutes 

a f t e r  feeding.  This  g ives  a  v e l o c i t y  of 150 cm p e r  hour.  Such 

a  v e l o c i t y  is i n  t h e  range noted i n  Table I .  

p h e  p r o f i l e  f o r  t h e  whole l e a f  is shown i n  Fig .  7. The 

s u c r 0 s e - ~ 4 ~  decreased l o g a r i t h m i c a l l y  from t h e  p o i n t  of feeding 

down t h e  l e a f  b lade  . - , Simi la r  p r o f i l e s  have -been found i n  t h e  stems 

of dicotyledonous p l a n t s  (Nelson e t  a l e  1959, Canny 1961, and 

Clauss e t  al* 1964) . 



Fig.  7 .  Dis t r ibut ion of 14c i n  a  corn lea f  blade and s i n g l e  

veins a f t e r  feeding 14c0 2 t o  t he  r e s t r i c t e d  area  
- 

fo r  1 min. i n  t h e  l i g h t  followed by 9 min. i n  12c02 

i n  t he  l i g h t .  Values i n  t he  diagram of t h e  corn 

l ea f  express r e l a t i v e  r a d i o a c t i v i t y  i n  t he  d i f f e r e n t  

p a r t s .  





It  is  of i n t e r e s t  t o  examine t h e  p r o f i l e s  i n  t h e  

i n d i v i d u a l  ve ins  t h a t  make up t h e  p r o f i l e  f o r  t h e  whole l e a f  

b lade  t o  s e e  whether t h e  r a t e s  of t r a n s l o c a t i o n  d i f f e r  i n  t h e  

d i f f e r e n t  ve ins .  P r o f i l e s  f o r  2 s e p a r a t e  ve ins  a r e  shown i n  

F ig .  7 .  The ve ins  were pu l l ed  o r  c u t  from t h e  l e a f  b lade ,  c u t  

i n t o  2-cm s e c t i o n s  and t h e  s u c r ~ s e - ~ ~ ~  i n  each s e c t i o n  determined. 

The r a d i o a c t i v i t y  i n  each ve in  decreased l o g a r i t h m i c a l l y  down 

t h e  l e a f  from t h e  p o i n t  of i n t r o d u c t i o n .  Logarithmic p r o f i l e s  

f o r  s i n g l e  ve ins  were t o  be expected s i n c e  on ly  t h e  sum of t h e  

logar i thmic  p r o f i l e s  f o r  s i n g l e  ve ins  w i l l  g ive  t h e  logar i thmic  

p r o f i l e  i n  t h e  whole l e a f .  However, s i n c e  t h e  s lopes  of t h e  

p r o f i l e s  a r e  a r e f l e c t i o n  of t h e  r a t e  of t r a n s l o c a t i o n ,  t h e  r a t e s  

were d i f f e r e n t  i n  t h e  2 ve ins  examined. 

The e f f e c t  of removinq or darkeninq t h e  fed  a rea  on - ---- 
t h e  t r a n s l o c a t i o n  p r o f i l e .  The logar i thmic  p r o f i l e  down t h e  l e a f  - 
b lade  remains f o r  a t  l e a s t  30 t o  40 minutes a f t e r  feeding.  To 

determine how t h i s  p r o f i l e  is  maintained, t h e  f ed  a r e a s  of corn 

leaves  were e i t h e r  darkened or  removed 5  minutes a f t e r  a 1 minute 

14c02 feeding .  The f e d  a r e a s  were removed by c u t t i n g  o f f  t h e  l e a f  

2 cm below t h e  fed  a r e a  o r  t h e  f e d  a r e a  was darkened by covering 

with aluminum f o i l .  The leaves  were then  l e f t  f o r  var ious  per iods  

of t i m e  be fo re  t h e y  were c u t  i n t o  s e c t i o n s ,  e x t r a c t e d  and t h e  

amount of sucrose-14c determined i n  each s e c t i o n .  

Within 5  minutes a f t e r  feeding  t h e  logar i thmic  p r o f i l e  

extended t o  a t  l e a s t  15 cm below t h e  fed  a r e a  (Fig.  8A) . Within 

5 minutes a f t e r  t h e  f e d  a r e a  had been removed t h e  p r o f i l e  had 



- -... i n  the l i g h t  f o r  ; n i n  . , l e f t  ir, c?-e *_- t71i _l$?; 

f o r  a f u r t h e r  5 min . , 'iqe fee areas zc-.zlre5 anc -,'1~ 

A G min. 

5 min. 

D 15  min. 

E 20 min. 

F 30 min. 



l n  the l i g h t  for L rain., l e 2 t  ix c?-s -.x L-. tY-& -LC?-- i - -  

for f u r t h e r  

A G m i n .  

b 3 m i n .  

C 1 0  m i n .  

D 1 5  m i n .  

20 m i n .  

F 30 m i n .  
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changed (Fig.  8B) . The s e c t i o n  next  t o  t h e  fed  a r e a  s t i l l  

contained t h e  h ighes t  amount of sucrose-14c, while  t h e  r e s t  of 

t h e  s e c t i o n s  contained more o r  l e s s  t h e  same amounts of  sucrose- 

14c. A f t e r  10 minutes t h e r e  was l i t t l e  change i n  t h e  shape of  

t h e  p r o f i l e  (Fig.  8C) . Afte r  15 minutes a l l  s e c t i o n s  of  t h e  

l e a f  contained t h e  same amount of  s u c r o s e - 1 4 ~  t o  g ive  a p r o f i l e  

p a r a l l e l  t o  t h e  x-axis .  This  p r o f i l e  was maintained f o r  a l e a s t  

20 and 30 minutes a f t e r  t h e  removal of  t h e  source (Fig ,  8D,C ,F) . 
Darkening t h e  f e d  a r e a  f o r  15 minutes had no no t i ceab le  

e f f e c t  on t h e  p r o f i l e ,  The p r o f i l e  was s t i l l  logar i thmic  over 

t h e  f i r s t  20 c m  below t h e  fed  a r e a  (Fig.  9A,B). Darkening t h e  

l e a f  f o r  15 minutes a f t e r  removing t h e  f ed  a r e a  produced a 

p r o f i l e  (Fig.  9C) s i m i l a r  t o  t h a t  i n  F ig .  8D where t h e  b lade  was 

kept  i n  t h e  l i g h t  a f t e r  t h e  f ed  a r e a  had been removed. 

From t h e s e  experiments it appears  t h a t  t h e  logar i thmic  

p r o f i l e  was maintained by  t h e  expor t ing  t i s s u e .  A s  long as t h e  
L ' 

source was t r a n s l o c a t i n g ,  which it d i d  i n  both l i g h t  and dark ,  
Irk: 

t h e  logarthmic p r o f i l e  was maintained. A s  soon a s  t h e  f ed  a r e a  

was removed t h e  logar i thmic  p r o f i l e  l e v e l l e d  o f f  and remained 

l e v e l .  Darkening t h e  l e a f  b lade  a f t e r  t h e  f ed  a r e a  had been 

removed had no e f f e c t  . 
Loca l i za t ion  of t h e  t r a n s l o c a t e d  sucrose --- i n  t h e  l e a f  

b lade .  The previous experiment i n d i c a t e s  t h a t  t r a n s l o c a t i o n  
I 

occurs i n  t h e  v e i n s .  Two approaches were taken t o  o b t a i n  a more 

p r e c i s e  p i c t u r e  of t h e  l o c a l i z a t i o n .  I n  t h e  f i r s t  approach a 

l e a f  was div ided  i n t o  b lade  and midrib and each analyzed s e p a r a t e l y  



Fig. 9 .  E f f e c t  of darkness on the t r ans loca t ion  p r o f i l e s  

i n  corn l eaves .  A r e s t r i c t e d  a r e a  of the l e a f  

was fed 
14 

C02 
i n  the l i g h t  f o r  1 min a t  0 d i s t a n c e .  

and were analyzed immediately, B. were l e f t  f o r  2 

f u r t h e r  15 min. with the  fed a rea  i n  the  dark  and 

the r e s t  of  the  l e a f  i n  the  l i g h t  or, C ,  t h e  f ed  

a rea  was removed and t h e  r e s t  of t h e  blade was 

darkened f o r  15  min. 



Fig. 9. 

'ed area darkened 15 min. 

I 

Fed area removed, blade d a r k e n e d  15 min. 
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i n  10  cm s e c t i o n s  down t h e  l e a f  from t h e  fed a r e a .  I n  t h e  

second approach a whole-leaf autoradiogram was made. 

Corn leaves  were fed  14c02 i n  a l o c a l i z e d  a r e a  (see 

F ig .  10) f o r  2 minutes.  A f t e r  45 minutes i n  a i r  t h e  l e a f  b lade  

was c u t  i n t o  10  cm s e c t i o n s .  The midrib was removed from each 

l e a f  s e c t i o n  and t h e  b lade  and midrib e x t r a c t e d  s e p a r a t e l y  with 

8% e thano l  and t h e  r a d i o a c t i v i t y  determined i n  each (Table V I ) .  

I n  t h e  f i r s t  s e c t i o n  below t h e  f e d  a r e a  more than  9% of  t h e  

r a d i o a c t i v i t y  was i n  t h e  b lade  o u t s i d e  t h e  midrib.  Fur ther  down 

t h e  l e a f  a p r o g r e s s i v e l y  h igher  percentage of t h e  r a d i o a c t i v i t y  

was p r e s e n t  i n  t h e  midrib (Table V I )  . There was more 14c i n  t h e  

shea th  a f t e r  45 minutes than  i n  ad jacen t  s e c t i o n s  and t h i s  14c 

w a s  not  concentrated i n  t h e  midrib.  

A s t u d y  of t h e  venat ion p a t t e r n  on t h e  corn l e a f  r e v e a l s  

t h a t  t h e  ve ins  i n  t h e  l e a f  converge on t h e  midrib a s  t h e y  go down 

t h e  l e a f  b lade .  When t h e  ve ins  e n t e r  t h e  l e a f  shea th  t h e y  d iverge  

and t h e  midrib becomes l e s s  pronounced. The t r a n s l o c a t e d  14c i n  

t h e  l e a f  follows t h i s  p a t t e r n  as would be expected i f  t h e  sucrose 

remains i n  t h e  ve ins  t h a t  it e n t e r s  i n  t h e  photosynthe t ic  a rea .  

For t h e  whole-leaf autoradiogram a narrow s e c t i o n  of 

a corn l e a f  

exposure t o  

removed and 

x-ray f i lm,  

was exposed t o  14c02 f o r  5 minutes followed b y  an 

a i r  f o r  an a d d i t i o n a l  25 minutes.  The midrib was 

d iscarded,  t h e  b lade  was placed between 2 s h e e t s  of 

quick frozen i n  a mixture of isopentane and d r y  i c e  

(Nelson & Krotkov' l962)  and l e f t  t o  develop a t  -24' f o r  1 week. 

The midr ib  had t o  be removed from t h e  l e a f  t o  a l low c l o s e  enough 

con tac t  between t h e  l e a f  b lade  and t h e  x-ray film. 



Fig .  10. Diagram of a 

l o c a l i z a t i o n  

whole l e a f  autoradiogram 

of s u c r ~ s e - ~ ~ ~  i n  a corn 

showing t h e  

l e a f .  14c0 
2 

was fed  t o  t h e  r e s t r i c t e d  a r e a  a s  shown. Veins i n  

which 14c was loca ted  a r e  shown a s  s o l i d  l i n e s ,  

while ve ins  without 14c a r e  shown as d o t t e d  l i n e s .  

The areas diagramed i n  t h e  4 f o l d  blow-ups show t h a t  

cons iderable  14c is  l o c a l i z e d  i n  t h e  main ve ins  and 

a s m a l l  amount i n  t h e  smal ler  ve ins .  Note t h a t  

t h e  main movement w a s  toward t h e  base  of  t h e  l e a f  

with a smaller amount l o c a l i z e d  i n  t h e  t i p .  





Table V I .  Loca l i za t ion  of 14c i n  t h e  l e a f  b l ade  45 minutes a f t e r  

feeding  14c02 . 

Leaf 1 Leaf 2 

Leaf Sec t ion  Blade Midrib b/a Blade Midrib b/a 
(10 cm) a b a b I, 

cpm cpm cpm '=pm )t 
111 

4. IN 

1 320 1 8  0.06 355 26 0.07 !It 

- _ , ) I  

2 .  39 6 0.15 34 13  0.4 

3 1 0  9 0.9 8 12 1.5 

6 ( shea th)  59 34 0.6 ... . . .  . a .  I! 



a a t i c ; l l y  i n  F ig .  10 .  T k s  r a l i o a c t i v i t y  renained 2-. t;--r v i ; ~  
/ 

- .?- 
- .  i; enccred i n  t h e  fed  a r f a .  Radiozct iv icy  ' ~ s  Ce;;;i~c ~ r .  

f s d  a r e a  d i d  not  conta in  enough r a d i o a c t i v i t y  t o  be  d e t e c ~ s d  cn 

rhe  x-ray f i i m .  These r e s u l t s  a r e  c o n s i s ~ e n t  w i c h  those  a f r a i z e d  

by z x t r a c t i o n .  

Both approaches t o  t h e  problem of l o c a l i ~ a t i c ~  of 

t r a n s l o c a t e d  s u c r ~ s e - ~ * ~  support  t h e  conclusion that sccrose  t r z v e l  

s t r a i g h t  down t h e  l e a f  b lade  i n  t h e  vascular  t i s s u e  cha: passes  It 

t ' 
chrough t h e  fed  a r e a  and t h a t  t h e r e  i s  l i t t l e  o r  co l a t e r a l  move- ;J* 

41 

xen t  of sucrose  from one vascu la r  bundle t o  another .  , I  I 

Discussion.  

I n  many r e s p e c t s  t r a n s l o c a t i o n  i n  corn is  s i n i l a r  t o  

t h a t  i n  o the r  s p e c i e s .  The v e l o c i t y  of t ranslocat io; ;  WES found 

;o be i n  excess  of 150 cm h r - l ,  a  value i n  t h e  same r a r g e  of 

magnitude of v e l o c i t i e s  found. i n  most spec ies  inves t iga red  (Canny 

L960) . 
The t r a n s l o c a t i o n  p r o f i l e  found i n  t h e  corn l e a f  was 

s i m i l a r  t o  t h e  p r o f i l e s  fouad i n  stems by  Nelson e t  a l .  (19591, 

Canny (1961) and Clauss e t  a l .  ( i 9 6 4 ) .  The t r a n s l o c a t i o n  p r o f i l e  

i n  t 3 e  scpash   ebb & Gorham 1964b)and sugar  bee t  p s ~ i o l e   orti timer 

1965)  ms found t o  be l i n e a r .  Not enough spec ies  have beer, 

investigated t o  s a y  whether a l i n e a r  p r o f i l e  i s  c h a r a c t e r i s t i c  of 

l e a f  2 e t i o l e s  and t h e  l o g a r i t h n i c  p r o f i l e s  of stems. S ~ n d i e s  of 



t - ~ b d  i n  thc stcm inc rcascs  iogzr i thrn ica l ly  wincn a ie,: G:. 

-4 L A A S  t r z n s l o c a t i o n  process  a--6 wzs n o t  caused by an accur:.;i~sion 

of t r z n s l o e a t e  i n  t h e  conducting t i s s u e .  

Webb and Gorharn (19642) found a  r e t e n t i o n  of "C i n  t k e  

p z t i o l e  f o r . a n  apprec iab le  l eng th  of t i n e  a f t e r  t z a s s l o c a t i o s  of 

l% ;fox t h e  l e a f  had ceased, sugges t ing  an accumulat io .  of -he 

t r a n s l o c a t e  i n  t h e  p e t i o l e .  Evidence 'from s t u d i e s  or: soy3ean 

indicace  t h a t  t h e  t r a n s l o c a t i o n  f r o n t  does no t  co inc ide  wlch t ? e  I[ 
d"U 

h ,  * 

Id* G i s t a c e  of t r a v e l  c a l c u l a t e d  when t h e  log  p r o f i l e  i s  excza~olaceCi 

t o  zero  elso son e t  a1.1959).  Clauss  e t  a l .  (1964; f o m d  -,:'at t h e  In 

o n l y  e x s l a n a t i o n  t h a t  f i t t e a  t k e  logar i thmic  p r o f i l e  i n  t h e  s t e n  

was an accunula t ion  of  t h e  t r a n s l o c a t e  i n  t h e  stem. Zorwisz (1959) 
L' 

i.i h i s  mathemat-ical t rea tment  of  t r a n s l o c a t i o n  found -GI-r he could 

ex2 la in  t h e  experimental  r e s u l t s  or. t r a n s l o c a t i o n  ztost s z t i s f a c c o r i l ~  

by  an 'en mass' flow of t r a n s l o c a t e  s o l u t i o n  through a  2 i p e  wizh 

i r r e v e r s i b l e  l o s s  of t r a n s l o c a t e  t o  t h e  surrounding t i s s u e .  These 

authors  a l l  sagges t  t h a t  t h e r e  is an accumulatioc of x a t e z i a l  i n  

o r  near  t h e  conducting s y s t e x  but  s o  f a  no d i r e c t  evidezce f o r  

such an accumulation has  been obta ined .  

The r e s u l t s  obta ined  from t h e  s t u d i e s  on t r a n s l o c z t i ~ n  

in corn i n d i c a t e  t h a t  t h e  logar i thmic  p r o f i l e  i s  an accuxula t ion  
I 

p r o f i l e  and i s  no t  a c h a r a c t e r i s t i c  of t h e  t r a n s l o c ~ t i o n  process .  

The s t u d i e s  on t h e  d i s t r i b u t i o n  of 14c wi th  t i n e  after feeding 



(Fig.  2 )  i n d i c a t e s  t h a t  t h e  g r e a t e s t  l o s s  of sucrose from t h e  

fed  a r e a  occurred a t  15 minutes a f t e r  feeding.  There i s  an 

i n i t i a l  r a p i d  r a t e  of l o s s  followed by a decrease i n  t h i s  r a t e  

with t ime.  I f  t h i s  exported sucrose t r a v e l l e d  'en mass' down 

t h e  l e a f  b lade  a concent ra t ion  g rad ien t  would be expected with 

t h e  h ighes t  concent ra t ion  f u r t h e s t  down t h e  l e a f  b lade .  The 

oppos i te  concent ra t ion  g rad ien t  is  found i n  corn leaves .  Therefore,  

t h e  sucrose p r o f i l e  i n  t h e  l e a f  does not  r e f l e c t  t h e  p a t t e r n  of  

t r a n s l o c a t i o n  from t h e  fed  a r e a ,  b u t  r a t h e r  sugges ts  an 

accumulation of t h e  t r a n s l o c a t e  a t  a s t e a d y  r a t e  down t h e  l e a f  

b lade  g iv ing  t h e  h ighes t  concent ra t ion  c l o s e s t  t o  t h e  source of It 

I,, * 

t h e  r a d i o a c t i v e  t r a n s l o c a t e .  ex1 
111 

Removal of t h e  f ed  a r e a  does no t  r e s u l t  i n  a s h i f t  of / I  

t h e  p r o f i l e  down t h e  l e a f  b lade  as would be expected i f  t h e  p r o f i l e  

represented  t h e  moving sucrose ,  b u t  r a t h e r  it gradua l ly  l e v e l s  

o f f .  This  change i n  t h e  p r o f i l e  a l s o  i n d i c a t e s  t h a t  t h e  p r o f i l e  

i s  no t  caused by an i r r e v e r s i b l e  accumulation as suggested by  

Horwitz (1958) b u t  r a t h e r  t h a t  a t  l e a s t  p a r t  of t h e  accumulation 

is r e v e r s i b l e .  The r e s u l t s  of t h e  s t u d i e s  on t h e  d e s t i n a t i o n  o f  

t h e  t r a n s l o c a t e d  s ~ c r o s e - ~ ~ ~  showed t h a t  some of  t h e  a c t i v i t y  

remained i n  t h e  l e a f  b lade  ou t s ide  t h e  fed  a r e a  a t  l e a s t  24 hours 

i n d i c a t i n g  t h a t  p a r t  of t h e  accumulation i s  more permanent. 

The r e s u l t s  on t h e  p r o f i l e s  and t h e  l o s s  of sucrose from 

t h e  fed  a r e a  can b e s t  be explained by an accumulation process  i n  

t h e  vascular  t i s s u e .  The accumulation appears  t o  be a dynamic 

process .  Once t h e  source of  t h e  s u ~ r o s e - ~ ~ ~  i s  removed t h e  



c;cl--u;..~l~zcd sLcrosc 1s l o s t  f r o 2  thc vascz iz r  ~ l s ; u z  &rrG ;L 

2 : c s u ~ ~ b l y  replaced  by un lz3c l l ed  sucrose  cozins  ~ I G Z ,  tii, 

- - 2hamsync::zsizing t i s s u e  suzrounding t h e  v a s c ~ l a r  '---- U ~ . , c i ~ e , .  ,-- ,r~e 

a>::id s ~ y l e c  s ~ u d i e s  on willow zwigs (Cacny 1961) wh,c:-, L ~ . G W ~ - C  

- LLL ., -. chz r a d i o a c t i v i t y  i n   he e x u d a ~ e  increased  l o ~ a r l c h r , i c z l l y  

wlzh c i x c  suggest  t h a t  t h e  accunula t ion  of t h e  sucrosc: i s  i i \  t h e  

s i c v c  tube.  I f  t h e  accumuia~ ion  of  sucrose i s  i n  t h c  ?a:, of 

4--. LiAd c c i l  where t h e  aphids feed then  t h e  a c t u z l  c r a n s p c r t  of c%e 

sucrose  must be i n  anot'nez p a r t  of t h e  c e l l  o r  i n  2 d i f f c r e ~ . t  

c z l l  a lzogether .  This  evidence r u l e s  o u t  any p o s s i b i i i t y  of a 

mass flow through t h e  s i e v e  tubes.  

A s  soon a s  t h e  source of  t h e  s u c r ~ s e - ~ ~ ~  i s  rezoved 

t h e  p r o z i l e  l e v e l l e d  o f f .  This  means t h a t  translocation co:?tinues 

down  he l e a f  ve ins .  This  i n d i c a t e s  t h a t  t h e  ve in  i s  a b i e  t o  

r a i n t a i n  i t s  t r a n s l o c a t i o n  without  t h e  'push'  of  .the souzca. 

aazkening t h e  l e a f  b lade  had no e f f e c t  on che p r o f i l e  i n d i c a t i n g  

z h a ~  ~ r a n s l o c a t i o n  i n  t h e  ve ins  i s  no t  under l i g h t  c o n t r o l  a s  

suggested by (Har t t  e t  a1.1964, H a r t t  1965c,Harzt ane  ;torzschak 

1967).  Darkening t h e  fed  a r e a  a lone  a l s o  had no effect on 

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

a s s i n i i a t e d  carbon t o  t h e  conducting t i s s u e  does no t  req-dire l i g h t .  

The whole-leaf autoradiograms i n d i c a t e  t h a t  t h e  t r ans -  

ioca ted  s u ~ r o s e - ~ ~ ~  was l o c a l i z e d  i n  t h e  vascular  bundles of t h e  

l e a f .  Although t h e  vascu la r  bundles a r e  cross-connected a t  r e g u l a r  

intervals i n  t h e  l e a f    harma an 1942) both t h e  l e a f  extraczior ,  

z n a l y s i s  and t h e  autoradiograms showed t h a t  t h e  b a s i p a t a l  trans- 

l o c a t i o n  was e n t i r e l y  i n  t h e  ve ins  t h a t  pass  through t h e  fed area .  

I . ,  

(II, : 
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Veins o r i g i n a t i n g  below t h e  fed  a r e a  contained no d e t e c t a b l e  

amounts of s u c r ~ s e - ~ ~ c .  Whether t h e r e  was any l a t e r a l  movement 

toward t h e  midrib could not  be determined from t h e s e  experiments. 

The techniques used were a l s o  not  s e n s i t i v e  enough t o  determine 

whether t h e r e  was any r a d i a l  movement out  of t h e  conducting c e l l s  

t o  o t h e r  c e l l s  i n  t h e  vascu la r  bundles .  

The s t u d i e s  of t r a n s l o c a t i o n  i n  corn i n d i c a t e  t h a t  

t r a n s l o c a t i o n  i n  t h e  vascu la r  t i s s u e  involves an exchange of 

sucrose between t h e  moving sucrose  and sucrose s t o r e d  i n  t h e  

vascu la r  t i s s u e .  The t r a n s f e r  of sucrose  i n t o  t h e  vascu la r  t i s s u e ,  

t h e  movement of t h e  sucrose  along t h e  ve ins  and t h e  accumulation I , 

< p S  

of t h e  sucrose  i n  t h e  vascular  bundles a r e  no t  under l i g h t  c o n t r o l .  , 
I 
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i 2 3 . s ~ .  -::??nz - of Trans loca t ion  by Pollowinq the  L o s s  cf - --- 

Photssyn thc t i cn l ly  Assimilated 1 4 C  -- from a Cozn Lc-af. -- 

I z ~ r o d u c t i o n .  

When a  small  a r e a  of a corn l ea f  i s  pulse-'-;- ~ ~ ~ e l - z i i  - -  v 7 : ~ h  

14 
C the  l o s s  of a c t i v i t y  f r o 3  t h e  fed  a r e a  can be measureG w ; ~ ~  

s. G-l"; d e t e c t o r .  The amount of r a d i o a c t i v i t y  i n  t h e  fed  p o r t i ~ n  

of the  l ea f  decreases  wi th  time. The l4c. f ed  as  '%02, i s  

incorporated i n t o  t h e  photosynthate,  which i n  corn i s  t r ans loca ted  

only i n  t h e  form of sucrose.  Thus t h e  l o s s  of r a d i o a c t i v i t y  fzom 

t h e  f e d  a rea  of t h e  l ea f  i s  e n t i r e l y  due t o  the  r e n o v ~ i  ~f sucrose 

14 
from t h a t  a rea .  A measurement of t h e  r a t e  of l o s s  of C f r o x  

t h e  l e a f  t h e r e f o r e  g ives  a measure of t h e  r a t e  of t r a n s l o c a t i o n  of 

sucrose ,  t h e  only t r a n s l o c a t e d  organic  substance.  

There a r e ,  however, some inherent  d i f f i c u l t i e s  i n  t h i s  

method of measuring t r a n s l o c a t i o n .  Because of t h e  low energy of 

14 
t h e  p p a r t i c l e  emrnitted by t h e  C ,  considerable  absorpt ion occurs 

i n  the  l e a f  e s p e c i a l l y  from t h e  lower l a y e r s  f u r t h e s t  removed from 

t h e  G-PI de tec to r .  Any loca l i zed  movement of m a t e r i a l  through  he 

th ickenss  of t h e  b lade  would give a  change i n  t h e  reading without 

a c t u a l  t r a n s l o c a t i o n  from the  a rea .  However, no such movement i s  

LO be expected i n  t h e  blade except t o  t h e  vascular  bundles,  and 

t h e r e f o r e ,  p resen t s  no l a r g e  e r r o r  t o  t h e  measurement of t r ans loca t ion  

14 
by t h i s  method. The C i n  t h e  inso lub le  compounds e s p e c i a l l y  i n  

t h e  c e l l  wa l l s  g ives  a  higher value than  an equiva lent  amount of 

14 
C i n  s o l u t i o n  (Mortirner 1966) . Only i f  t h e r e  were a  s h i f t  of 1 4 ~  

from t h e  so lub le  t o  t h e  inso lub le  f r a c t i o n  o r  v i c e  versa  w o ~ l d  t h e  
A 



xezhod f o r  measuring t h e  ra ts  of t r a n s l o c a t i o n  and 5 - 5  axour.ts of 

a s s i n i l a c e s  moved from t h e  l e a f .  

Z s p e r i ~ e n ~ s  and R e s u l t s .  

Keasurements of t h e  r a t e  of t r a n s l o c a t i c z  2nd tye ar.sc~.ts 

t r a n s l o c a t e d  i n  corn.  The r a m  of t r a n s l o c a t i o n  and A e  z o s a l  

axount of photosynthate  t r a n s l o c a t e d  were determined i n  corn by 

s e a s u r i n g  t h e  amount of 14c l e f t  i n  t h e  f e d  a r e a  of t h e  l e a f  a t  

va r iocs  t imes a f t e r  feeding.  The m o u n t s  of  r ad ioacc iv izy  l e 2 t  a t  

v a r i o a s  t imes a f t e r  feeding wexe converted t o  a percexcacje o, t h e  

i n i t i a l  anount,  and t h e  percentages were p l o t t e d  a g a i L s t  c i n e .  The 

Dznt an6 F l i n t  s i n g l e  c ross  hybr ids  a s  we l l  a s  t h e  Den= v c r i e t y  

P r ide  V were used.  Typica l  r e s u l t s  a r e  showri i n  F ig .  11A- 

I m e d i a t e l y  a f t e r  14c02 f i x a t i o n  t h e  l o s s  of r ~ 8 i o a c z i v i c y  

frcm ~3.e  fed  a r e a  was r a p i d .  Over 50% of t h e  '5 was moved o-;r of 

che f ed  a r e a  i n  t h e  f i r s t  30 x i c u t e s .  I n  3 t o  4 hours a  t c r a l  of  

3G% of t h e  f i x e d  '0•‹C had been m o v d  out of t h e  fed  a r s z ,  Another 

5% of t h e  r a d i o a c t i v i t y  was l o s t  frox. t h e  f ed  a r e a  dur icg  che nexz.. . 
2 0  3 o ~ r s  ( ~ i g . 1 1 ~ ) ~  These r e s u l t s  acpee c l o s e l y  with t h o s s  oStakie6 

by  Du&o (1953): on corn ,  



,, i n  t h e  f ed  a r e a  of a  c o x  P i s .  il. A. Liount  of "C leZJ-  

l e a f  a t  var ious  t i n e s  a f t e r  feeding.  

feeding "~0~. 

S sucrose 

G glucose 

F f r u c t o s e  

PA mlic a c i d  

R r e m i n d e r  





When t h e  log  of t h e  amount of 14c remaining i n  t h e  
10  

f e d  a r e a  is  p l o t t e d  a g a i n s t  time (Fig.  12)  t h e  p o i n t s  f a l l  along 

2 i n t e r s e c t i n g  s t r a i g h t  l i n e s .  The 2 l i n e s  i n t e r s e c t  a t  about 

80 minutes a f t e r  feeding.  This  occurs  when t h e  i n i t i a l  high r a t e  

of t r a n s l o c a t i o n  is  j u s t  dropping o f f .  The a n a l y s i s  of t h e  radio-  

a c t i v e  compounds show t h a t  a t  t h i s  t ime about 2% of t h e  remaining 

14c is  s t i l l  i n  sucrose and t h e  r a d i o a c t i v i t y  i n  t h e  inso lub le  

f r a c t i o n  is j u s t  beginning t o  decrease  (Fig.  2 ) .  When t h e  r e s u l t s  I 

p l o t t e d  i n  F ig .  2 a r e  r e c a l c u l a t e d  on t h e  b a s i s  of t h e  ' l o s s  of 

14c frbm t h e  fed  a r e a '  curve (Fig.  13) it is noted t h a t  t h e  slow 

r a t e  of t r a n s l o c a t i o n  a f t e r  80 minutes is on ly  s l i g h t l y  f a s t e r  than  
* 1 
1v * 

t h e  conversion of t h e  inso lub le  m a t e r i a l  back t o  s o l u b l e  compounds ; '  

probably most ly sucrose .  Thus t h e r e  is  an i n i t i a l  r ap id  r a t e  of 

l o s s  which decreases  loga r i thmica l ly ,  t h e  r a t e  changes t o  a slower 

r a t e  a f t e r  80 minutes which a l s o  decreases  l o g a r i t h m i c a l l y  and 

which involves t h e  t r a n s p o r t  of t h e  remaining sucrose  i n  t h e  f ed  

a r e a  a s  we l l  as a conversion and t r a n s l o c a t i o n  of  t h e  14c s t o r e d  

i n  t h e  inso lub le  compounds. 

The v a r i a b i l i t y  i n  t h e  r a t e  of l o s s  and t h e  t o t a l  amount 

moved, among d i f f e r e n t  corn p l a n t s  of  t h e  same v a r i e t y  and a l s o  i 

among t h e  d i f f e r e n t  v a r i e t i e s  of corn t h a t  were used, was extremely 

low being  i n  t h e  order  of 2 7%. Thus under optimum condi t ions  t h e  

3 v a r i e t i e s  had t h e  same t r a n s l o c a t i o n  curve.  These t r a n s l o c a t i o n  

experiments were performed from 1 1/2 hours a f t e r  t h e  l i g h t s  

came on i n  t h e  morning u n t i l  about 8 t o  9 hours from t h e  t i m e  

of f i r s t  i l l umina t ion .  Throughout t h i s  pretreatment  pe r iod  



, / I  , 
I,, , 
I 16 Fig .  1 2 .  Amount 14c remaining i n  t h e  fed  a r e a  of a corn l e a f  

a t  var ious  t imes a f t e r  feeding.  





Fig .  13. D i s t r i b u t i o n  of 14c i n  sucrose  and t h e  e thanol - insoluble  

f r a c t i o n  o f  t h e  f ed  a r e a ,  expressed a s  a percentage 

of t h e  1 4 ~  i n i t i a l l y  p r e s e n t  i n  t h e  f e d  a r e a ,  a t  

var ious  t imes a f t e r  a 1 min. feeding  i n  14c02 i n  

t h e  l i g h t  followed b y  12c02 i n  t h e  l i g h t .  The d o t t e d  

l i n e  i s  t h e  amount of  14c l e f t  i n  t h e  f ed  area super- 

imposed h e r e  from Fig .  11 f o r  comparison. 





t h e r e  were no l a r g e  d i f f e r e n c e s  i n  t h e  r a t e s  of l o s s  i . e .  percent  

t r a n s l o c a t e d  i n  30 minutes (Table VII). Also t h e  r a t e  of t r a n s -  

l o c a t i o n  of t h e  14c w a s  independent of t h e  q i z e  of  t h e  pu l se  of 

14c fed .  

A f t e r  6 hours over 80"k of t h e  f ixed  r a d i o a c t i v i t y  had 

been l o s t  from t h e  fed  a r e a s .  Of t h e  remaining 14c about 75 t o  

85% was i n  t h e  e thanol - insoluble  f r a c t i o n .  Of t h e  ethanol-soluble  

compounds about 70% was s t i l l  i n  sucrose ,  most of t h e  remainder bein! 

i n  glucose and f r u c t o s e  with about 7% i n  f r e e  amino a c i d s  (Fig.  11B) 

Thus t h e  decrease  i n  t h e  r a t e  of t r a n s l o c a t i o n  corresponds t o  t h e  

disappearance of sucrose  from t h e  fed  a r e a  of t h e  l e a f .  I <  

I 

From t h e  t r a n s l o c a t i o n  curve determined by  measuring 
I 

t h e  amount of 14c remaining i n  t h e  f ed  a r e a  of  t h e  l e a f  3 I 

c h a r a c t e r i s t i c s  of t h e  t r a n s l o c a t i o n  process  can be assessed .  These 

a r e  t h e  r a t e  a t  which t h e  14c is  l o s t  from t h e  fed  a r e a  i . e .  t h e  I 

\ 

r a t e  of  t r a n s l o c a t i o n ,  t h e  t o t a l  amount of  t h e  a s s i m i l a t e d  14c 

moved o u t ,  and t h e  l eng th  of t ime requ i red  f o r  t h e  bulk of t h e  

t r a n s l o c a t e  t o  be exported.  

The v a l i d i t y  of t h e  method was checked by comparing 

t h e  t r a n s l o c a t i o n  us ing  t h e  r a t e  of l o s s  of 14c from t h e  fed  a r e a  L 

and d i r e c t  measurement of t h e  t o t a l  14c recovered from t h e  l e a f  

remote from t h e  fed  a r e a .  I n  t h e  2 p l a n t s  t h a t  were checked, 46 

and 54% r e s p e c t i v e l y  of t h e  t o t a l  14c w a s  found ou t s ide  t h e  f ed  

a r e a .  These values a r e  almost i d e n t i c a l  t o  t h e  value of  50 t 7% 

obtained by measuring t h e  l o s s  of 14c with t h e  G-M counter .  



Table VII. The effect of pulse size and length of pretreatment 

in the light on the rate of translocation from corn leaves, deter- 

mined by the percentage of the assimilated 14c left after 30 minutes , - l '  

Pretreatment 
in the light 

(hrs . ) Pulse size 
(cpd 

37,000 
11,000 
12,500 
45,000 
5,000 
9,000 
75,000 
25,000 
7,000 
20,000 
30,000 

% translocated 

I 
,..'b , l 'I 

1 
I 

in 30 m i n .  



The p o s s i b i l i t y  of u s i c 9  t h e  above xet?oZ ZG sc-&iy  he 

2Zfec-k~ of Z i f f e r e n t  f ~ c t o r s  on the 3 c h a r a c t e r i s t i c s  sf -:zz-,s- 

l s c a t l o n  was investigated. ?or t h i s  s tudy  t h e  effects f A- L C I . L _ J L ~  - .- -- GSU;_YC -, 

- .- 6;. -*kn 
LI.. 

, - 
LSS ofi t r a n s l o c z t i o n  were chosen 2s "ie c--v'--or---.--- l i  A- - . . , L ~ . ~ ~ ~  ' 

f a c t o r s ,  s i n c e  i n  t h e  l i t e r a t u r e  these  f a c t o r s  have S22n c::.s?.asized 

a s  being irn;?ortant i n  t r a n s l o c a t i o a .  A s  a  third fcccoz - -  L ; I ~  e f f e c t  

ontogenet i c  s t a g e  t h e  i e a f  t h e  

t h a t  l e a f  was i n v e s t i g a t e d .  

The e f f e c t  of t e m ~ e r a t ~ r e  on t r a n s l o c ~ t i o ~ .  FGZ t h i s  - - 
s tudy  t h e  corn p l a n t s  were p laced  i n  t h e  growch c?.ar:3ers a t  she  

14 d e s i r e 2  temperatures  1 hour before  feeding CO t o  a nazrcw 
2 

segment of l e a f .  The amount of 1 4 ~  rernzining i n  t h e  izzves  was 

measured f o r  a per iod  of 4 hours  a t  temperatures r ans ing  fzox 7 

t o  26O. The experiment was repeated  a t  l e a s t  20 , t imes  a t  each 

temperature.  The averages of t h e  r e s u l t s  i r e  p l o t t e e  i n  F'iq. i4. 

A decrease  i n  tem2erature below 26' decreaszd bc th  t h e  

r a t e  of t r a n s l o c a t i o n  a s  we l l  a s  t h e  t o t a l  amount of $?.otospIthate 

moved out  of t h e  fed  a r e a  o f  t h e  l e a f .  The e f f e c t  of tempsrature 

L i ~ e  Dent on t r a n s l o c a t i o n  was much t h e  sane i n  both  t h e  F'iint and 'L- 

corn .  The d i f f e r e n c e s  amon5 t h e  v a r i e t i e s  was much l e s s  zhan t h e  

vaz iab i i i ' cy  wi th in  any v a r i e t y .  The v a r i a b i l i t y  betweer, d i f f e r e n t  

feedings increased  with a  decrease  i n  t expera tu re  and was i c  t h e  

order  of 15 t o  20"L a t  t h e  lowest tempera ture ,  

When <he loglO of t h e  remaining '/"c i n  t h e  l e a ?  i s  a l o t e e d  

z s z i n s t  t ime t h e  low temperature curves a l s o  becoxe 2  i n t e r s e c t i n s  

s t r a i q h t  l i n e s  (Fig.  1 5 ) .  The t ime a t  which t h e  break i n  2 .e  cilrve 



Fig. 14. Effect of temperature on the amount of 14c left 

in the fed area of leaves of Dent and Flint' corn 

at various times after feeding. 





Fig. 15.  Effect of temperature on the amount of 14c l e f t  in  $: 
,#4'  

H*' the fed area of leaves of Dent and Fl in t  corn a t  
t 1  p various times a f t e r  feeding. 
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accur-s b e c o m s  progress ive ly  la-ker a s  the terni~eratuze C e c z z ~ c -  UCS.  

But agair, t he re  was l i t t l e  difference between the v ~ r l e t i c s .  

14 
Tiken the percentase of the  f ixed  C moved ci;t i-;i;ri.;:g 

the f i r s t  30 minutes i s  take:? a s  the r a t e  of t r a n s i o c a t i ~ i <  c?.e 

r a t e  of t r a n s l o c a t i o n  decreased nore o r  l e s s  l i n e a r l y  wick a 

cecrease  i n  temperature between 7 and 26' (Fig.  i6) . 

In Fig.  15 a l l  t i le  s t r a i g h t  l i n e s  drawn 

through the p o i n t s  do n o t  pass  through the  100% p o i n t .  ~t the 

hiqher  temperatures where i t  i s  known t h a t  the re  i s  a s u b s t a n t i a l  

14 
s h i f t  of C from the  inso lub le  f r a c t i o n  t o  the  so luble  t k i s  

discrepancy is  more pronounced. A t  the  lower tem2eratures the 

l i n e s  do pass  through the  100% p o i n t  suggest ing t h a t  the re  i s  no 

s h i f t  from the inso lub le  t o  the  so lub le  f r a c t i o n .  These 

d i sc repanc ies  have n o t  been f u r t h e r  inves t iga ted .  Another 

explanat ion  of t h i s  discrepancy a t  h igher  temperatures i s  the  

p o s s i b i l i t y  t h a t  a small  amount of ma te r i a l  i s  being noved o u t  

v i a  the  phenomenon of  r ap id  t r ans loca t ion  descr ibed by Nelson 

e t  a l .  (1959) . 
L 

The e f f e c t  of  darkening the  l e a f  blade on t r a n s l o c a t i o n .  

r t  has  been repor ted  t h a t  t r ans loca t ion  from the l e a f  i n  sugarcane 

i s  under the  c o n t r o l  of  l i g h t  ( H a r t t  e t  a l .  1964,  hart^ 1565, 

H a r t t  and Kortschak 1967) .  A s i m i l a r  suggestion a l s o  cones from 

the work of Bilenko e t  a l .  (1964) with corn.  An e x p e r i n e r . ~  was 

s e i  up t o  determine whether measurements of the r a t e  of l o s s  of 

14c from the l e a f  i n  the  dark would give any ind ica t iox  of the 

con t ro l  of t r a n s l o c a t i o n  by l i g h t .  



Fig. 16. Effect of temperature on the rate of translocation 

from the fed areas of corn leaves. 





14 ,. . 
Sect ions  of corz  l e a l  wfre f ed  C 0 2  f o r  L nl.-Mie;, :;?fa 

. . 
T- - - lezves  werc l e f t  i n  the  l i g h t  f o r  an a d d i t l c n c l  ; rr,i-,,.;tes t o  

e:-,S,.- LLz t h a t  most of t h e  r a d i o a c t i v i t y  was i n  sue,-osc. i - ~  -- - nas been 

r o p ~ t e d  by s e v e r a l  workers ",et t'ne f ixed  '% loe; ;,ox 2~ Lo 

s.acrase i f  t h e  l e a f  i s  p laced  i n  t h e  dark i n ~ e d i z c e l y  zfeez  

exposure t o  I4co2 (Vernon & Arenof"952, Burxa & :~loz;i;:,er 1557, 

- - 
..--;tcL & Slack 1966) . The leaves  were then  put  i n  dszkness 5 y  

covering ?;he3 with s l eeves  xade from aluminum f o i i .  The  r e s t  of 

t h e  ?Lint was l e f t  i n  t h e  l i g h t  s o  t h a t  any e f f e c t  of dzrkness 

would be on t h e  expor t ing  l e a f  b l a d e . . i t s e l f .  
lP l 

The r a t e s  of t r a n s l o c a t i o n  were not  s igni f icar .c ly  differen! , , ,  
libi, 
1 /h 

i n  t h e  l eaves  l e f t  i n  t h e  ciark o r  i n  t h e  l i g h t  (F ig .  i 7 )  . The 
li I . II 

t o t a l  anount t r a n s l o c a t e d  was about 1P/o l e s s  f o r  t h e  leoves 2 lzced  $""I 
0 1  
I /  

i n  t h e  dark.  The smal ler  p e r c e ~ t a g e  moved was probebly due t o  t h e  

f a c t  t h a t  t h e  t r a n s f e r  of t h e  14c i n t o  sucrose  had r ,otLeeri  completep 
I 

by t h e  t ime t h e  l e a f  was p laced  i n  t h e  dark .  This  --- ,,LC ,hc6 of 

n e a s u r i l ~ g  t h e  t r a n s l o c a t i o n  of sucrose  i n d i c a t e d  t h z t  l i 5 h t  d i d  not  

s t i m u l a t e  t r a n s l o c a t i o n  a s  has  been repor ted  by  o the r  workers. 

Trans loca t ion  i n  var ious  aqe corn leaves .  Trzns loca t ion  

szud ies  were c a r r i e d  out  on corn l eaves  of v a r i ~ u s  ages ,  co detexminc 

whetker t'ne r a t e  of t r a n s l o c a t i o n  and t h e  amount t rans locazed 

changes a s  t h e  l e a f  becomes o l d e r .  For : these  experiments,  s l a n t s  

were s e l e c t e d  t h a t  had 8 leaves  i n  var ious  s t a g e s  of developxzmt. 

Tke oldest : ' . leaf  w a s  beginning t o  yellow a t  t h e  l e a f  t i p  2nd t h e  

shea th  was s p l i t  i n  2 by t h e  expanding stem. Leaves 6 ,  7 and 8 . - 



Fig .  17. E f f e c t  of dark on t h e  amount of  14c l e f t  i n  t h e  

fed  a r e a  of a corn l e a f  a t  var ious  t imes a f t e r  

feeding.  





were f u l l y  expanded and d i d  not  show s i g n s  of  senescence.  On t h e  

4 t h  l e a f  t h e  shea th  was about h a l f  expanded and on l e a f  3 t h e  

b lade  was over h a l f  expanded. Leaves 2 and 1 were only  p a r t i a l l y  

grown. 

Sec t ions  near  t h e  t i p s  of t h e  leaves  were f ed  14c02 'for 

1 minute and t h e  a c t i v i t y  remaining i n  t h e  a s s i m i l a t i n g  a r e a s  was 

measured over a 4 hour pe r iod .  The r e s u l t s  a r e  shown i n  F ig .  18  

and 19. 

The developmental s t a g e  of t h e  l e a f  had a very d e f i n i t e  

e f f e c t  on t h e  p a t t e r n  of t r a n s l o c a t i o n  from t h e  l e a f .  The t i p s  of 

t h e  leaves  ( f ed  a r e a s )  were a b l e  t o  t r a n s l o c a t e  a t  t h e  f a s t e s t  r a t e  

and were a b l e  t o  t r a n s l o c a t e  t h e  most photosynthate from t h e  time 

t h e  l e a f  b lade  was about 3/4 expanded t o  t h e  t i m e  t h e  l e a f  shea th  

on t h e  l e a f  was f u l l y  expanded. Both younger and o lde r  leaves  

t r a n s l o c a t e d  more s lowly and t h e y  a l s o  t r a n s l o c a t e d  a smaller 

percentage of t h e  f ixed  14c during t h e  4 hours . 
It i s  c l e a r  from t h e s e  experiments t h a t  t h e  s t a g e  of 

development of t h e  corn l e a f  is an important f a c t o r  i n  t r a n s l o c a t i o n  

of sucrose from t h a t  l e a f .  

Discussion 

When a s e c t i o n  of l e a f  is exposed t o  14c02 t h e  14c is  

incorpora ted  i n t o  a number of d i f f e r e n t  compounds but  most of it 

goes i n t o  sucrose ,  t h e  only  compound t r a n s l o c a t e d  from t h e  corn 

l e a f .  The 14c i n  t h e  fed  a r e a  of t h e  l e a f  can be measured b y  

means of a G-M d e t e c t o r .  The 14c t h a t  h a s  been incorporated i n t o  

sucrose is t r a n s l o c a t e d  from t h e  a s s i m i l a t i n g  a r e a ,  and t h e  r a t e  

a t  which t h e  14c is l o s t  from t h i s  a r e a  can be followed b y  t h e  G-M 

d e t e c t o r .  



Fig.  18. I n i t i a l  r a t e  of 14c t rans loca t ion  out of fed a reas  

of corn leaves of d i f f e r e n t  ages on 2 month o ld  

p l an t s .  
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F i g .  19. Amount of 14c l e f t  i n  the fed  a r e a s  of  corn l eaves  

of d i f f e r e n t  ages  on 2 month o l d  p l a n t s ,  4 hours  
: 

a f t e r  feeding.  
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78 

When t h e  amount of 14c remaining i n  t h e  fed a r e a  

(expressed a s  a percentage of t h e  i n i t i a l  amount) is p l o t t e d  a g a i n s t  1 
t ime t h e  p o i n t s  f a l l  a long a curve which has  t h e  form of a decay ~ 
curve.  When t h e  same r e s u l t s  a r e  p l o t t e d  on a semi-log p l o t  a ~ 
p o i n t  of i n f l e c t i o n  i n  t h e  curve becomes apparent .  From t h e s e  

2 p l o t s  s e v e r a l  p ieces  of information can be gained about t r a n s -  ! 

l o c a t i o n  from t h e  l e a f .  The semi-log p l o t  provides a measure o f  I 

t h e  r e l a t i v e  r a t e  of l o s s  of 14c which is  i n - r e a l i t y  t h e  r e l a t i v e  

r a t e  of l o s s  of sucrose .  The r a t e  of l o s s  i s  made up of  2 

components: a r a p i d  r a t e  and a slow rate. During t h e  r a p i d  r a t e  

of l o s s  most of t h e  sucrose  is t r a n s l o c a t e d  from t h e  fed  a r e a .  '111 

Ul 11 

#YII 
The slow r a t e  must a l s o  r ep resen t  a l o s s  of s u ~ r o s e - ' ~ ~  from t h e  ,1111 

';'I1 
l e a f .  Although o the r  compounds such a s ,  glucose,  f r u c t o s e  and 11 1 I 

malic  a c i d  a r e  found i n  t h e  f ed  a r e a  t h e r e  is  no evidence t h a t  

t h e s e  a r e  t r a n s l o c a t e d .  The amount of s u c r ~ s e - ~ ~ ~  l e f t  i n  t h e  

fed  a r e a  a t  t h e  t ime t h e  r a t e  of l o s s  of  14c changes cannot account 

f o r  t h e  amount subsequent ly l o s t .  The amount of 14c i n  t h e  inso lub le  

f r a c t i o n  is decreasing during t h e  slow r a t e  of l o s s .  It appears  

t h a t  t h e  slow r a t e  of t r a n s l o c a t i o n  involves the sucrose  s t i l l  

p resen t  i n  t h e  f ed  a r e a ,  b u t  a l s o  14c t h a t  is being  converted from 

o t h e r  compounds i n t o  sucrose .  i 

The r a t e  of l o s s  of 14c from the fed  a r e a ,  a s  a percentage ' 

of t h e  i n i t i a l  amount, was found t o  be independent of t h e  s i z e  of 2 

t h e  pu l se  (Table V I I ) .  A s  a r e s u l t ,  t h e  s l o p e  of t h e  r a t e  of l o s s  

curve and t h e  t ime a t  which t h e  p o i n t  of i n f l e c t i o n  i n  t h e  curve 

occurs  do no t  change a s  long as t h e  condi t ions  are kep t  cons tan t .  



This  phenomenon provides 2 

F i r s t ,  t h e  pu l se  s i z e  need 

important p ieces  

not  be c a r e f u l l y  

of information.  

and t h e  s lope  of t h e  l i n e  can be used t o  provide a measure of t h e  

e f f e c t  of d i f f e r e n t  f a c t o r s  on t h e  r a t e  of  t r a n s l o c a t i o n  from t h e  

l e a f .  Secondly, t h i s  phenomenon i n d i c a t e s  s e v e r a l  th ings  about t h e  

process  of t r a n s l o c a t i o n  from t h e  l e a f .  It shows t h a t  a f t e r  t h e  

p u l s e  l a b e l  t h e  14c is not  simply d i l u t e d  out  by t h e  photosynthate  

t h a t  fol lows a s  is  suggested by t h e  logar i thmic  na tu re  of t h e  

r a t e  of  l o s s  curve.  I f  t h e  t r a n s l o c a t i o n  from t h e  l e a f  were a 

d i l u t i o n  o r  f lush ing  process  by  new photosynthate  the l eng th  of 

time requ i red  f o r  t h e  s ~ c r o s e - ~ ~ ~  t o  be exported would be dependent 

on t h e  pu l se  s i z e .  Another important conclusion t h a t  can be drawn 

from t h e  f a c t  t h a t  t h e  r a t e  of  l o s s  is independent of  t h e  p u l s e  

s i z e  is t h a t  t h e  s ~ c r o s e - ~ ~ ~  mixes evenly  with t h e  endogenous 

sucrose i n  t h e  l e a f .  

The amount of endogenous sucrose  i n  t h e  l e a f  is unknown. 

The measure of  t h e  amount of 14c i n  t h e  l e a f  is o n l y  a r e l a t i v e  

measurement. The count ing e f f i c i e n c y  of t h e  14c i n  t h e  l e a f  b y  

means of t h e  G-M d e t e c t o r  was no t  c a l c u l a t e d .  Because of t h e s e  

2 unknowns t h e  s p e c i f i c  a c t i v i t y  of t h e  t r a n s l o c a t e d  sucrose is 

not  known. Therefore,  t h e  measure of t h e  rate of  l o s s  of 14c from 

t h e  l e a f  only  provides  a measure of t h e  r e l a t i v e  r a t e  of t r a n s -  

l o c a t i o n  o f  sucrose  from t h e  l e a f ,  and does not  g ive  a q u a n t i t a t i v e  

c o n t r o l l e d  i n  t h e  feeding 

measure of t h e  t r a n s l o c a t i o n  r a t e .  

?he l i n e a r  p l o t  provides a measure of  t h e  percentage of  

t h e  assimilates t h a t  a r e  h e l d  back. This  can be determined from 

t h e  p o i n t  a t  which t h e  curve l e v e l s  o f f .  I n  o the r  words it provides 

I 
~ 



9C 
2 r a t c  of t r a n s l o c a t i o n  f r o n  t h s  l e a f  of 560 x - >I 3 L.. 2 = 527 u52 

2-60 12>:4.4 
05 sucrose dm-2 nin-'. This  r a t e  i s  about 2 and one-2aif t i x e s  

h igher  than  t h e  one c a l c u l a t e d  f o r  sugar  b e e t  (Geiger & Swzcson 

196%) us ing  an e n t i r e l y  d i f f e r e n t  nethod.  

:4-m ? A s  was mentioned e a z l i e r  t h e  r a t e  G• ’  l o s s  05 L i r o a  

t h e  f ed  a r e a  c o n s i s t s  of 2 corn;?one;?ts. The f i r s t  comno~ect ,  

t h e  r a p i d  r a t e  of l o s s ,  involves t h e  t r a n s l o c a t i o n  of a k m c  75% 

02 t h e  a s s i m i l a t e d  14c. This  75% of t h e  14c must be more r e a d i l y  

a v a i l z b l e  f o r  t r a n s l o c a t i o n  thzn  t h e  remaining 14c, even c>ough 

sone of it is  s t i l l  i n  sucrose .  T h i s  i n d i c a t e s  t h a t  t h e  sucrose  * 'I 
I 

i n  t h e  l e a f  i s  i n  a t  l e a s t  2 s e p a r a t e  pools  o r  t h a t  t h e  sucrose  : ~ 
I I 

i n  t h e  l e a f  is compartmentalzed. The sucrose  which i s  moved out ~ 
r ~ p i d l y  and whi-ch i s  r e a d i l y  a v a i l a S l e  f o r  . t rans ioca t ior ,  i s  s a i d  

t o  be i n  t h e  t r a n s l o c a t i o n  pool ,  t h e  remainder is  s a i d  t o  be i n  t h e  . 

s t o r a q e  pool .  The t e r n  pool  i s  used h e r e  t o  denote a q y a n t i t y  of 
i 

m a t e r i a l  and has  no c y t o l o g i c a l  meaning. ; 

A t  26' t h e  sucrose  i n  t h e  t r a n s l o c a t i o n  pool  i s  r.cved 
I 

out  of t h e  a s s i m i l a t i n g  a r e a  i n  80  minutes o r  i n  o t h e r  words a t  

26", 80  x i n u t e s  a r e  r equ i red  f o r  t h e  sucrose  i n  t h e  t r a n s l o c a t i o n  

2001 LO be c o x p l e t e l y  replaced  b y  newly synthes ized  sucrose .  This  

t i n e  80 x i n u t e s  a t  2 6 O  w i l l  be  c a l l e d  t h e  t r a n s l o c a t i o n  pool  tu rn -  



OVe;- -- , i ~ ~ z  w;lcrc t h e  C X ~ ~ C S S ~ O ; ~  ' turnover  t i x c  ' AS czLd L,  kc 

n -  - -;lmc ~ ~ q c l i r c d  f o r  sucrose t o  z ~ v c  throuyh i2-LC _TCO;' . L.-- L ~ ~ r . ~ v c z  

+.. - L-r.c 05 about SO minutes i s  almost i d e n t i c a l  t o  t h c  t ~ r : ~ s ~ ~ c r  ~i:ne 
- 

a =  S-:. 8 - 6  minutes c a l c u l ~ ~ e d  f o r  suyzr  b e e t  (Geiqer & SW~.-~SG;? 

i965h) . 
During t h e  turnover  t i n e  of about bO minutzs 75% of t k e  

z s s l x i i a t e d  14c went i n t o  and out  of t h e  t r a n s l o c a t i o n  ?GO; .  This  

75 x 
34.2. 

= 272 ~ g x  of sucrcse  ~ Z - L - ~  
-1 gives  a r a t e  of  5G0 x - n i n  

100 12x44 
moving i n t o  and out  of t h e  pool .  For t h e  dura t ioR ~f t b  expezlmer.t 

zhe r a t e s  of a s s i m i l a t i o n  and t r a n s l o c a t i o n  d i d  not  c h a n ~ e  an2 

t h e r e f o r e ,  t h e  r a t e s  of inovement i n t o  and out  of che 2oo i  zi'iist :^lave illi , 
been cons tan t .  From t h e  r a t e s  of movement from t h e  pool  znd t h e  /'/I 

i ill1 
~ i m e  requ i red  f o r  t h e  p u l s e  t o  rr,ove through t h e  pool  a 2001 s i z e  o f , : ; !  

I* 

272 x 80 =21760 pgm of sucrose dm-2 of l e a f  a r e a  is  c a l c u l a t e d .  
I 

I 411 

A change i n  temperature a f f e c t e d  a l l  3 c h a r a c e s r i s t i c s  I ,  

b 

of t r a n s l o c a t i o n .  F ig .  16 shows t h a t  t h e  i n i t i a l  high r a t e  of 

t r a n s l o c a t i o n  decreases  a s  t h e  temperature decreases  f r o 3  26 t o  7O. ,. 

%is inZica tes  t h a t  t h e  r a t e  of t r a n s l o c a t i o n  of sucrose is  unaer 

~ h y s i o l o g i c a l  c o n t r o l  and i s  not  simply a d i f f u s i o n  procass .  A 

aecrease  i n  t h e  temperature from 26 t o  7O inc reases  t h e  curcover 

c i n e  of t h e  t r a n s l o c a t i o n  pool  from about 80 t o  100 minutes, and 

decreases  t h e  percentage of t h e  a s s i m i l a t e s  t h a t  go i n t o  t h e  gool ,  

o r  converse ly  t h e  amount of a s s i m i l a t e s  remaining i n  t h e  Zed a r e a  

1s izc reased .  The one process  which was not  a f f e c t e d  by  ~ e x ~ s z r a t c r e  

ms c3e n o b i l i z a t i o n  of t h e  a s s i m i l a t e s  t h a t  d id  no t  50 d i r e c t l y  t o  

t h e  t r a n s l o c a t i o n  pool .  This  is ind ica ted  by t h e  p a r a l l e i  Lazi.irz: 



rn-- : l;-.volviRg the sucrose not  i ; ~  the t r a n s l o c a t i o n  poo;. A,.,, slow 

z ~ t e  of t r a n s l o c a t i o n  decreases  l o g a r i c k ~ i c a l l y  w'r.Lc?. dzcs s ~ s q e s t  

a di2Zusion process .  The anount of '*c l e f t  i n  sucrcse  ,sB o the r  

conpo,nds a t  t h e  lower tempeza'cures was not  investiszceci and the re -  

f o r e  zke amount of enzymatic conversion involved i s  known. 

There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  e f f e c t s  

of t e n p r a t u r e  on t r a n s l o c s t i o n  i n  t h e  Dent and 5'lir;c hybr ids  and 
' ~ ~ , , b  

!I:: 
therefore any d i f f e r e n c e  i n  r e s i s t a n c e  t o  low teinperatures between 

,1111 

t h e s e  hybr ids  i s  no?; i n  t h e  3 c h a r a c t e r i s t i c s  of t r a x l o c z t i o n  111 
,I1 1 
,Ib# 
I 

s t u d i e d .  I1 
,I 1 

Another f a c t o r  t h a t  was s t u d i e d  i n  r e l z ~ i o n  t o  mans -  I! 1 
I I 

l o c a t i o n  was l i g h t .  I n  corn t h e r e  was l i t t l e  e f f e c t  of dzrkening 

eke l e a f  b lade  on t h e  t r a n s l o c a t i o n  from t h e  fed  a r e a .  The s x a l l  

d i f f s r e n c e s  t h a t  were noted c ~ u l d  i n  p a r t  be due t o  an isco;nplete 

incorpora t ion  of most of t h e  14c i n t o  sucrose  or  Sue co  a s l i g h t  drc  

i n  cempxa tu re  t h a t  may have r e s u l t e d  frorn darkening t h e  l e a f .  Frorr 

J- ~ ~ ~ e s e  L experiments ?;here was no evidence t h a t  t r ans iocac ion  was l i g h  

i 
dependent a s  has  been suggestea by  H a r t t  ( 1 g ~ j ~ ) , E a r t z  and Kortsc'nak 

(1967) and H a r t t  e t  a l .  (1964) frorn work w i t h  sugarcane. I n d i c a t i o n s  

f r o x  my r e s u l t s  with corn a r e  t h a t  l i g h t  was only  involved i n  t h e  

fo rna t ion  of t h e  photosynthate .  Bilenko e t  a1 .  (1964) 02 zhe ocher 

3and found a d i r e c t  e f f e c t  of l i g h t  on t r a n s l o c a t i o n  t o  - c ~ e ' ~ o o t s  



i n  corn ,  but  t h e y  d i d  not  measure t h e  a c t u a l  t r a n s l o c a t i o n  from t h e  

l eaves ,  bu t  only  t r a n s l o c a t i o n  from t h e  whole top .  

The method of measuring t h e  amount of 14C l e f t  i n  t h e  

f e d  a r e a  of a  l e a f  can a l s o  be used t o  s tudy  t h e  e f f e c t  of i n t e r n a l  

cond i t ions ,  on t r a n s l o c a t i o n  from t h e  l e a f ,  Both t h e  i n i t i a l  r a t e  

of l o s s  of '*c and t h e  t o t a l  amount of  t h e  a s s i m i l a t e s  t r a n s l o c a t e d  

changed with t h e  phys io log ica l  m a t u r i t y  of t h e  l e a f .  Not enough 

d a t a  was obta ined  t o  determine whether t h e r e  was any e f f e c t  on t h e  

turnover  t ime of t h e  t r a n s l o c a t i o n  pool .  I n  corn ,  young expanding 

l eaves  do not  t r a n s l o c a t e  as much of t h e i r  a s s i m i l a t e s  nor i s  t h e  

r a t e  of l o s s  a s  r a p i d  a s  t h a t  from leaves  t h a t  a r e  about f u l l y  I( 

/I 

expanded. Leaves t h a t  were between 3/4 and f u l l y  expanded had t h e  11 
Ill 

h ighes t  r e l a t i v e  r a t e  of t r a n s l o c a t i o n  and t r a n s l o c a t e d  t h e  g r e a t e s t  ,I 

I 

percentage of t h e  a s s i m i l a t e d  carbon. I n  t h e  o lde r  leaves  t h e  

r e l a t i v e  r a t e  decreased wi th  age and t h e  amount of carbon r e t a i n e d  

i n  t h e  l e a f  increased .  These r e s u l t s  i n d i c a t e  t h a t  leaves  t h a t  

a r e  about f u l l y  expanded a r e  t h e  most e f f i c i e n t  i n  t r a n s l o c a t i o n  

and a l s o  t h a t  t h e  leaves  opera te  a t  maximum e f f i c i e n c y  f o r  o n l y  

a  r e l a t i v e l y  s h o r t  t ime.  

Both temperature and s t a g e  of ma tu r i ty  a f f e c t  t h e  r e l a t i v e  

r a t e  of t r a n s l o c a t i o n .  This  drop i n  r a t e  from t h e  maximum was i n  

a l l  cases  accompanied by an inc rease  i n  t h e  amount of t h e  a s s i m i l a t e s  

remaining i n  t h e  l e a f ,  This  sugges ts  t h a t  t h e  e f f e c t  of temperature 

. and age is p r i m a r i l y  on t r a n s l o c a t i o n  out  of t h e  a s s i m i l a t i n g  c e l l s  

and t h a t  t h e  a s s i m i l a t i o n  r a t e  is  not  a f f e c t e d  as much. The r e s u l t s  

from P a r t  I show t h a t  t h e  r a t e  of  sucrose  production was r e l a t i v e l y  





d i f f e r  widely i n  

t h e i r  a s s i x i l a t e s  . Sugarcane i s  

loza-e zboct SPA of an i n i t i c ;  pu l se  of zssixilcizca -"c 4 

kxr s  ( S a r t t  and Xortschak 1 % 7 ) ,  suqar  b e e t  t rans2ocztes  &ouc 

;i?A i n  3 hours (Xor~ imer  1965) , soybean about 3C% In i 2  k o ~ r s  

(Clauss e t  a1,1964),  tobacco about 22% i n  5 1 /2  hours (X. S h i r o y ~  

e t  a l .  1961) and p ine  seed l ings  about 15% i n  7 hoillrs (T. S k i r o ~ p  

ez  a L 1 9 6 2 ) .  Corn is a b l e  t o  t r a n s l o c a t e  about 8@4 i n  2 i / 2  >lours 

(3 ig .  la) . 
The method of m e a s ~ r i n g  t r a n s l o c a t i o n  by decerxining t h e  

l o s s  02 a p u l s e  of p h ~ t o s ~ ~ t h s t i c ~ l l y  a s s imi la ted  :ec Gvn- ,,,,,, a l e a f  

was ussd i n  a conpara t ive  s t u d y  of t h e  leaves  of S s p c i e s .  

E x ~ e r i x e n t s  - and Resu l t s .  
* . .  i 

P l a n t  s p e c i e s  were chosen f o r  which seed c ~ u i d  be r e a d i l y  

oSzained and which could be r e a d i l y  grown i n  t h e  g r e e n h o ~ s e .  

TaSle ViII. Developmental Stage of t h e  P l a n t s .  

K i l l s t  

S o r  ghi-irn 

Sunflower 

Radish 

Cas tor  bear, 

Soybean 

Xicot iana  

Toxato 

8 t o  12 ' l eaf  s t a g e ,  mature blades 20 t o  30 cr;; iong 

6 t o  8 l e a f  s t a g e ,  n a t u r e  leaves  20 t o  30 cm long 

6 t o  8 leaves  f u l l y  expanded 

Rose t t e  s t a g e  with 3 f u l l y  expanded l eaves  

3 f u l l y  exsanded l eaves  

1 t o  2 t r i f o l i a t e  leaves  f u l l y  expanded 

1 2  t o  15 l eaves ,  beginning t o  flower 

5 f u l l y  expanzed leaves  



~55i t io : :z l  r a d i o a c t i v i t y  was being noved f r o x  zhs :LC, arb,5 zhey 

ca;r,punds i n  t h e  e t h a n o l - s o l ~ b l e  f r a c t i o n  analyzea by ?a-?z;r 

ckzorr .a~o~rzphy and autoradiography.  

For t h e  tomato p l a n t s  t h e  l o s s  of 14c f r o x  rhe  l a i v e s  

1 ~ s  r ~ s a s u r e d  a s  w e l l  as t h e  amoullt t r ans loca ted  afte: 

darkening , e i t h e r  t h e  f ed  Leaf, t h e  whole p l a n t  exce2t - 2 e  Zed 

i e a f ,  o r  t h e  whole p l a n t  incLuding t h e  fed  Leaf. 

For most of t h e  s 2 e c i e s  a  s tudy  of t r a n s l c c ~ z i c :  iE 

leaves  a t  d i f 5 e r e n t  s t a g e s  of development was i n c l u d ~ t .  --- 

- - L e  i szves  of d i f f e r e n t  s p e c i e s  is  s u m r i z e d  i n  ?is. 2 0  

C ~ r v e ;  & r e  drawn f o r  t h e  mean va lues  of izaves  fzsz cfze- f u l l  

ti.an,ion had been reached. The r a t e s  of l o s s  of i i ~  dec:-;ass6 

- .  
l W ~ a r : S x . i c a l l y  f o r  a l l  t h e  s2ec ies  s t u d i e d  as is  icc :caz~2 wken 

zLe 129 pezcentage 14c r e m i x i n g  is p l o t t e d  a g a i n s t  zine 2 ; .  21) . 
was found i n  corn t h e  r a t e s  of l o s s  were m d e  up G Z  2 ca;;Ir,anenzs, 



Fig. 20. Amount of 14c l e f t  i n  t h e  fed  a r e a  of leaves  of 

d i f f e r e n t  spec ies  a t  var ious  t imes a f t e r  feeding. 







Fig. 21. Amount of 14c l e f t  i n  t he  fed area  of leaves of 

d i f f e r e n t  species a t  various t i m e s  a f t e r  feeding. 
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a r a p i d  r a t e  of l o s s  l a s t i n g  f o r  about 80 minutes followed b y  

a slower r a t e .  The r a p i d  r a t e  of l o s s  v a r i e d  cons iderably  from 

s p e c i e s  t o  s p e c i e s ,  and i n  a l l  t h e  spec ies  was slower than  t h e  

r a t e  found f o r  corn .  Af te r  corn ,  r a d i s h  had t h e  next  most 

r a p i d  r a t e ,  followed by m i l l e t ,  sorghum, sunflower and tomato. 

Soybean, c a s t o r  bean and n i c o t i a n a  had much slower r a t e s  of l o s s  

during t h e  f i r s t  80 minutes.  The subsequent slower r a t e  of l o s s  

d i d  no t  fol low t h e  p a t t e r n  from s p e c i e s  t o  spec ies  a s  t h e  r a p i d  

r a t e ,  and d i d  not  va ry  a s  much a s  t h e  more r a p i d  r a t e .  

The amount of t h e  a s s i m i l a t e s  r e t a i n e d  by  t h e  leaves  of 

d i f f e r e n t  s p e c i e s  a f t e r  24 hours  v a r i e d  from about 12% i n  corn 

t o  about 50% i n  n i c o t i a n a .  M i l l e t  and sorghum were c l o s e  t o  

corn i n  r e t a i n i n g  about 15%. Most of  t h e  o the r  s p e c i e s  r e t a i n e d  

between 30 t o  4% of t h e i r  a s s i m i l a t e s .  

The time a t  which t h e  breaking po in t  occurred i n  t h e  - 

curve (Fig.  21) divided t h e  p l a n t s  i n t o  two groups. This  breaking 

p o i n t  is t h e  turnover  t ime of t h e  t r a n s l o c a t i o n  pool  and was t h e  

same i n  most of t h e  s p e c i e s  s t u d i e d  i n  t h a t  it occurred from 75 

t o  85 minutes a f t e r  t h e  p u l s e  l a b e l .  This  i s  t h e  same time found 

f o r  corn and sugar  b e e t  (Geiger and Swanson 1965).  Radish and 

tomato had much s h o r t e r  turnover  t imes from 35 t o  40 minutes a f t e r  

feeding o r  about h a l f  t h e  t ime requ i red  b y  t h e  o the r  spec ies .  

A pe r iod  of dark had no e f f e c t  on t h e  mobi l iza t ion  of 

t h e  a s s i m i l a t e s  except f o r  t h e  two s p e c i e s  wi th  t h e  s h o r t  turn-  

over t ime of t h e  t r a n s l o c a t i o n  pool .  Whether t h e r e  is  an i n t e r -  

r e l a t i o n s h i p  between t h e  turnover  t i m e  and t h e  e f f e c t  of dark on t h e  



. - , - ts c ~ e  raLes of t r a n s l o c a t i c n  a ~ d  t h e  aaounts t r a r s l c c z t e c  z r s  

cancerned. Leaves both  youngez and o l d e r  were not 2 s  acc ive  iz 

- ,- - I 
L- ans loca t ion .  I 

- .  Conoarison of t h e  a=s-cribution of 14c I n  ?--z fze z reas  -- - ---- 
. - cf d i f f e r e n t  spec ies  a f t e r  t:anslocation. The d i sc rm-a t lon  of -,he - - I 

rez-.ailing 14c i n  t h e  fec? a r e a s  of t h e  d i f f e r e n t  s?ecLes i s  suxzarized,  

i n  F ig .  22  and Table IX. The s p e c i e s  d i f f e r e d  g r e a t l y  ic zhe 1 I 

coxpourds i n  which t h e  14C was be ing  h e l d  i n  t h e  l e a v s s .  12 xosc 

spec ies  t h e  percentage of  he "C i n  t h e  ethanol- icsoluble  f r a c t i o n  

wzs between 55 and 7%. Two zxcept ions wexe r a d i s h  wi-ch & o ~ t  

C@/, and c a s t o r  bean with a b o ~ t  20"/,. The compounds i n  chz e z k n o i -  

so lub le  fractior. .  i n  which t h e  was h e l d  va r i ed  f r c n  s a e c i e s  co 

s p e c i e s .  Cas tor  bean was tke on iy  spec ies  w i t h  l a r g e  zrmur,cs of 

s7mrose ,  S u t  it contained on ly  t r z c e s  of f r e e  glucose and fzac tose  

wkereas t h e  o the r  s p e c i e s  scored oilly smal l  amounts of silczoss bu t  

~ ~ S s c a n t i a l  anounEs of f r e e  glucose and f r u c t o s e .  Radisk a d  

nicot5ar.a r e t a i n e d  l a r g e  axounts of t h e  i 4 ~  i n  malic  a c i d .  Soybean 

n- xecained l a r g e  amounts i n  a nun;Sax of d i f f e r e n t  amino c c i d s .  i a e  

o ~ h e r  s p e c i e s  had varying ar.ounts among d i f f e r e n t  anir-o a c i d s  an6 



F i g .  22 .  D i s t r i b u t i o n  of 14c i n  t h e  f ed  a r e a  of leaves  of 

d i f f e r e n t  spec ies  6 hours  a f t e r  feeding i n  soybean, 

m i l l e t ,  corn,  sunflower,  n i c o t i a n a  and sorghum and 

1 hour and 5 o r  10  minutes a f t e r  feeding i n  c a s t o r  

bean and r a d i s h .  

S 

G 

F 

MA 

ASP 

G 1  

Se r  

G ~ Y  

AspA 

sucrose 

glucose 

f ruc tose  

malic a c i d  

asparagine 

glutamic a c i d  

s e r i n e  

g lyc ine  

a s p a r t i c  a c i d  

R remainder 



SOYBEAN 
Insoluble 55 , 3,7 

S G  F MA Asp GI  Ser R 

I CORN 

insoluble 85 
7.6 

Soluble 15 

n - 4  

. S G F M A  H 

lnsoluble 5 6  

Soluble 44 
n =  4 

I a 
S G F  Ay, 5 r( 

SUNFLOWER 

Insoluble 5 8  
? 2 . 3  

Soluble 4 2  

S G F M A  GI Ser R 

NlCOTlANA 

S G  F M A  GI AqpA R 

insoluble 6 2  -+ 4,7 
Soluble 38 

S G F  O i l  



Table I X .  

l eaves  of 

diminshed 

Species  

Corn 

M i l l e t  

Sorghum 

Sunflower 

Radish 

Soybean 

Comparison of d i s t r i b u t i o n  of 14c i n  t h e  f ed  a r e a s  of 

d i f f e r e n t  s p e c i e s  a f t e r  t h e  r a t e  of  t r a n s l o c a t i o n  has  

t o  a slow r a t e .  

% Sucrose 

% of % of 
Soluble  Inso lub le  Soluble  T o t a l  

Cas tor  bean 8 1  19  86 69 

Nicot iana 42 58 22 9.0 

% of 
Fed A c t i v i t y  
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malic  a c i d  I t  i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  d i f f e r e n t  s p e c i e s  

r e t a i n e d  i n  t h e i r  f e d  a r e a s  from 2 t o  4807 of t h e  t o t a l  14c 

a s s i m i l a t e d  i n  sucrose  i n  s p i t e  of t h e  f a c t  t h a t  t h e  r a p i d  r a t e  

of t r a n s l o c a t i o n  was over .  

E f f e c t  of dark on t r a n s l o c a t i o n  i n  tomato. The r e s u l t s  --- - 
of t h e  e f f e c t  of darkening t h e  f e d  a r e a ,  t h e  r e s t  of t h e  p l a n t  o r  

both  on t h e  amount t r a n s l o c a t e d  i n  15 hours  a r e  summarized i n  

Table X. When t h e  e n t i r e  p l a n t s  were kep t  i n  t h e  dark t h e y  

t r a n s l o c a t e d  about 2007 more than  when t h e y  were kept  i n  t h e  l i g h t ,  

I 
When e i t h e r  t h e  f ed  l e a f  o r  t h e  r e s t  of t h e  p l a n t  a lone were kept  , 
i n  t h e  dark t h e  amount t r a n s l o c a t e d  from t h e  l e a f  was somewhere i n  

between t h e  amounts t r a n s l o c a t e d  when t h e  e n t i r e  p l a n t  was kept  

i n  t h e  l i g h t  o r  when t h e  e n t i r e  p l a n t  was kept  i n  t h e  dark .  The 

p l a n t s  t h a t  were i n  t h e  dark grew about 2 cm more i n  he igh t  than  
I1 

t hose  i n  t h e  l i g h t  over t h e  15 hour pe r iod .  I n  t h e  l i g h t  t h e  
1 

tomato p l a n t s  s t o r e d  l a r g e  amounts of s t a r c h  i n  t h e  l eaves .  I 

lMl 
!I 4 When t h e  t r a n s l o c a t i o n  curves f o r  a l l  t h e  spec ies  were 
I! 

compared it was not iced  t h a t  2 s p e c i e s ,  tomato and r a d i s h ,  had a 

s t imula ted  t r a n s l o c a t i o n  i n  t h e  dark (cf  . Fig .  20) per iod  following 

t h e  1 2  hour l i g h t  per iod .  

Discussion 

The method of measuring t h e  l o s s  of 14c from t h e  fed  

a r e a  of a l e a f  was app l i cab le  t o  o t h e r  spec ies  bes ides  corn.  Data 

was obta ined  on 3 c h a r a c t e r i s t i c s  of  t r ans loca t ion :  t h e  r a t e  of  
. 

l o s s  of 14c, t h e  amount of t h e  a s s i m i l a t e d  14c t r a n s l o c a t e d  and 

t h e  turnover  time of t h e  t r a n s l o c a t i o n  pool.  

.* - 



Table X. E f f e c t  of dark on t h e  pe rcen t  14c t r a n s l o c a t e d  i n  

15 hours  from 14c02 f e d  tomato l eaves .  

Fed l e a f  and Fed l e a f  and Fed l e a f  i n  l i g h t  Fed l e a f  i n  darl 
r e s t  of p l a n t  rest of p l a n t  r e s t  of p l a n t  i n  rest of p l a n t  i.1 
i n  l i g h t  i n  dark dark l i g h t  

48 72 
, . 1 .  . -. 

Mean 5 1  2 5.9 70 3 . 6  



The r a t e  of l o s s  of 14c from t h e  f e d  a r e a s  of leaves  of  

d i f f e r e n t  spec ies  was d i f f e r e n t .  The r a t e s  v a r i e d  from t h e  r a p i d  

r a t e  i n  corn t o  r a t e s  2 t o  3 t i m e s  slower i n  n ico t i ana  and soybean. 

The s t a g e  of development of t h e  l e a f  must a l s o  be  considered.  I n  

most spec ies  t h e  r a t e  of t r a n s l o c a t i o n  from leaves  a t  d i f f e r e n t  

s t a g e s  of development v a r i e d  a s  much a s  t h e  r a t e s  from d i f f e r e n t  

spec ies .  

The turnover  time of t h e  t r a n s l o c a t i o n  pool was t h e  same 

i n  a l l  s p e c i e s  except  i n  tomato and r a d i s h .  Tomato is  known t o  

t r a n s l o c a t e  sucrose (Went & Hull 1949) and it a l s o  s t o r e s  l a r g e  

q u a n t i t i e s  of t h e  a s s i m i l a t e d  14c i n  s t a r c h  ( ~ o f s t r a ,  no t  repor ted)  

i n  t h e  l eaves .  The sucrose ' in  t h e  l e a f  is be ing  used f o r  b o t h  

t r a n s l o c a t i o n  and s t a r c h  formation and t h i s  may be t h e  explanat ion  

f o r  t h e  s h o r t e r  turnover  time of t h e  main sucrose pool .  The o the r  

spec ies  were not  examined f o r  t h e  amount of 14c t h a t  may have been 

s t o r e d  i n  s t a r c h ,  b u t  most of t h e  spec ies  used a r e  known no t  t o  

s t o r e  much s t a r c h  i n  t h e  l eaves .  

The amount of t h e  a s s imi la ted  14c r e t a i n e d  by t h e  l e a f  

a l s o  v a r i e d  wi th  t h e  spec ies .  Almost a l l  t h e  spec ies  h e l d  back 

most of t h e  14c i n  t h e  e thanol - insoluble  compounds w i t h  smaller  

amounts i n  o the r  compounds t h a t  a r e  no t  t r a n s l o c a t e d .  A l l  t h e  

spec ies  s t i l l  contained s i g n i f i c a n t  amounts of t h e  14c i n  sucrose 

a f t e r  t h e  t r a n s l o c a t i o n  of  14c had v i r t u a l l y  ceased. I n  a l l  t h e  



s p e c i e s ,  except c a s t o r  bean, t h e  amount of 14c i n  sucrose was 

between 2 and 8% of t h e  f ed  14c (Table I X )  . Thus sucrose does no t  

appear t o  be  a  major s to rage  compound i n  t h e  leaves  of most spec ies ,  

and y e t  small  amounts a r e  h e l d  i n  t h e  leaves .  Castor bean is  

d i f f e r e n t  i n  t h a t  it con ta ins  l a r g e  q u a n t i t i e s  of sucrose (48% of  

t h e  f e d  14c) which apparent ly  were n o t  r e a d i l y  a v a i l a b l e  f o r  t r a n s -  

l o c a t i o n .  This  spec ies  provides i n t e r e s t i n g  mate r i a l  f o r  a  f u r t h e r  

s tudy.  



Summary: Control  - of Trans loca t ion .  

Trans loca t ion  is t h e  process  whereby a s s i m i l a t e d  carbon 

is t r anspor ted  from t h e  leaves  t o  organs where t h e  carbon is 

u t i l i z e d  o r  accumulated. This  process  makes p o s s i b l e  t h e  ' s torage  

of l a r g e  q u a n t i t i e s  of organic  carbon i n  s p e c i a l i z e d  organs i n  

t h e  p l a n t .  On t h e  o the r  hand t h e  s t o r a g e  of carbon i n  organs 

d i f f e r e n t  from t h e  leaves  is  completely dependent on t r a n s l o c a t i o n  

from t h e  l eaves .  Thus t r a n s l o c a t i o n  through t h e  vascular  t i s s u e  

se rves  t o  supply s i n k s  with t h e  necessary  a s s i m i l a t e s .  I n  t h i s  

r e sea rch  work s e v e r a l  p ieces  of information have come t o  l i g h t  

which suggest  where t r a n s l o c a t i o n  may be l imi ted  and c o n t r o l l e d  

i n  t h e  p l a n t .  

I t  seems probable t h a t  t h e  organ most d i r e c t l y  dependent 

on t r a n s l o c a t i o n  ( the  s i n k )  i s  t h e  one having most c o n t r o l  over 

t h e  process .  I n  corn it was found t h a t  i n  young f a s t  growing p l a n t s ,  
1 I 

up t o  900b of t h e  a s s imi la ted  14c was t r a n s l o c a t e d  from t h e  fed  a r e a s  1 

of t h e  l eaves .  Most of t h e  t r a n s l o c a t e d  14c was found i n  t h e  

growing regions  of t h e  p l a n t .  Although o lde r  leaves  t r ans loca ted  

s e e  whether a decrease i n  t h e  a c t i v i t y  of t h e  s i n k  would decrease 

a t  a slower r a t e  than  younger l eaves ,  t h e y  t r a n s l o c a t e d  t h e  same 

t o t a l  amount of t h e  a s s i m i l a t e d  14c over a 24 hour per iod .  Thus 

i n  young a c t i v e  p l a n t s  t h e r e  was no apprec iable  b u i l d  up of 

t h e  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  from t h e  leaves .  Evidence from 

I 

o the r  work sugges ts  t h a t  a decrease i n  t h e  a c t i v i t y  o f ' t h e  s i n k  

I 

a s s i m i l a t e  i n  any of t h e  l eaves .  These p l a n t s  were not  t e s t e d  t o  I 
I 



does decrease t r a n s l o c a t i o n ,  causing a b u i l d  up of a s s i m i l a t e s  

i n  t h e  leaves  and stems (Burr e t  a1.1957, Lupton 1966, Nelson and 

Gorham 1959, T .  Shiroya e t  a1.1962a, and S ta rck  1964).  

J u s t  where t h e  s i n k  a f f e c t s  t r a n s l o c a t i o n  and how c o n t r o l  

i s  exer ted  over t h i s  process  i s  s t i l l  poor ly  understood. There 

a r e  many s i t e s  along t h e  t r a n s l o c a t i o n  pathway where t h e  s i n k  

might a f f e c t  t r a n s l o c a t i o n .  One of t h e  p o s s i b l e  s i t e s  is a t  t h e  

s i n k  i t s e l f .  Munch (1930) suggested t h a t  t r a n s l b c a t i o n  through 

t h e  phloem was due t o  t h e  removal of t r a n s l o c a t e  from t h e  phloem 

a t  t h e  s i n k ,  s e t t i n g  up a concent ra t ion  g rad ien t  of t h e  t r a n s l o c a t e  

along which it would move. The work with corn shows t h a t  concen- 

t r a t i o n  g rad ien t s  do e x i s t  a long t h e  phloem, bu t  t h e s e  a r e  due 

t o  a l o c a l  accumulation of t h e  t r a n s l o c a t e  which was mostly 

r e v e r s i b l e .  These g rad ien t s  were independent of t h e  s i n k s .  Other 

workers have found t h a t  sucrose i n  t h e  p l a n t  w i l l  move a g a i n s t  

concent ra t ion  g r a d i e n t s ,  and t h a t  ' t h i s  movement is po la r  (Loomis 
8 A 

1945, Leonard 1938, 1939, and P h i l l i s  and Mason 1933).  ~ r a n s l o c a t i o i ' ~  

through t h e  phloem is not  by  a d i f f u s i o n  along a g r a d i e n t ,  but  

r a t h e r  t h e  process  is under metabol ic  c o n t r o l  a s  shown by i ts  

temperature s e n s i t i v i t y  (Bohning e t  al .1953, H a r t t  1965, Hewitt 

and C u r t i s  1948, Swanson and Bohning 1951, Vernon and Aronoff 1952, 

Webb and Gorham 1965, and Whi t t l e  1964) . 
Stud ies  on t h e  e f f e c t  of temperature on t h e  t r a n s l o c a t i o n  

of 14c from t h e  fed  a r e a  of t h e  l e a f  i n d i c a t e  t h a t  movement from 

t h e  l e a f  i s  ve ry  s e n s i t i v e  t o  a lowering of t h e  temperature.  It 

was more s e n s i t i v e  t h a t  t h e  movement i n  t h e  phloem. Trans loca t ion  
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f z a m  zhc l e a f  was a f fec ted  i inecirly bctwccn 7 a;-16 25", ';i-crc;a 

t r ans loca t ion  through the p1;ioem was i n s e n s i t i v e  'CG G C?.L:-~L 

1~ taxscl-atcre between 13 acd 30' (Webb 1967) . T ~ C S E  r e ~ c k s  

. - saggi.st cha t  the t r a n s f e r  of a s s i m i l a t e s  f r o x  t h e  a s s ; i l l l z ; i ~ ~  

c c l l s  may becone l i m i t i n g  very quickly under sub-o2tir;lzl cc::tltior,s. 

&cause of t h i s  s e n s i t i v i t y  YO temperature i r  seexs p roba ;e  zkar  

the t r a n s f e r  of  the t r a n s l o c a t e  t o  the  phloem may be the  process  

i n  t r a s l o c a t i o n  where t r ans loca t ion  i s  c o n t r o l l e d .  

 here i s  o the r  evidence t o  suggest  t h a t  the coL-crol of 

mans loca t ion  may be i n  the  ~ r a n s f e r  of  the a s s i m i l a t e s  ,cross 

'the menbrane t o  the  phloem.  he membranes appear t o  c o n ~ r o l  the 

coxpounds t h a t  a r e  t r ans loca ted .  A1thouc;"n many water-solubie 

corpo-mds were p r e s e n t  i n  the  l eaves ,  only sucrose was t c m s l o c a t e d .  

In a i l  the  spec ies  the  menbranes were a  b a r r i e r  t o  soze G: the 

t 

s ~ c r o s e  i n  the  c e l l s .  Only the sucrose i n  the t r a n s l o c a ~ i o n  pool I 

'11 

was t r ans loca ted .  In c a s t o r  bean l a r g e  q u a n t i t i e s  of  sucrose were 

r e t a i n e d  i n  the  l e a f .  In most of  the o the r  spec ies  a hiqh 

percentage of the  a s s i m i l a t e s  was he ld  i n  the c e l i s  i n  o the r  

compounds. Species such as  corn and sunflower d id  n o t  r e t a i n  such 

a  high percentage.  One might specula te  t h a t  t h i s  high rexent ion 

i s  due t o  the f a c t  t h a t  the  t r a n s f e r  of a s s i m i l a t e s  o u t  of  the 

c e l l s  i s  l i m i t i n g  as  has  been suggested i n  soybean  elso son 

e c  a l .  1961) . 

The s t u d i e s  on t r ans loca t ion  i n  corn show t h a t  t r ans -  

l o c a t i o n  o u t  of  the  fed a rea  of the  l e a f  is more ser i s i t ive  to  a  

change i n  temperature than CO f i x a t i o n .  ~t low temperature the  
2 



- . -  laci x z n  reduced more tkzn  the r a t e  of p'notoslmt?,esis. ~t lower 

- ~ e ~ ~ ~ ~ ~ a c u r e s t r a n s l o c a t i o n  becones l i m i t i n g  and a s s i z ~ L l a t e s  

a c c z x i l a t e  i n  t h e  l e a f .  

A l l  t h e  s t u d i e s  on t zans ioca t ion  repor ted  k e r s  show 

c5az l i s h t  has  no e f f e c t  on t r c n s l o c a t i o n ,  except t o  ~ O T Z  t h e  

t r a n s l o c a t e .  I n  corn t h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  jetween 

zhe r a t e  of t r a n s l o c a t i o n  i n  t h e  l i g h t  and i n  t h e  daryc. I n  t h e  

ocher srjecies s tud ied  t h e  r a t e  of l o s s  of 14c wzs no slowsr in the 

dark than  it w a s  i n  the l i g h t .  I n  2 spec ies  ( t o m t o  anC r a d i s h )  

eke raLe of l o s s  of '*c increased  i n  t h e  dark ,  These r e s c l t s  

i n d i c a t e  t h a t  t h e  c o n t r o l  of t r a n s l o c a t i o n  i s  not  a f feczzd  by 

l i g h t .  

Some evidence is besinning t o  accuinulate on t h e  mechanism 

c'nrmgh which t r a n s l o c a t i o n  may be c o n t r o l l e d  i n  t h e  g lanc .  A s  

has  been mentioned e a r l i e r  a  comparison of t h e  work of Eew (1365) 

and ;upton (1966) sugges ts  t h a t  t h e  s i n k s  may be in f l ce rAc ins  

t r a n s l o c a t i o n  through hormones. It is a  w e l l  e s t a b l i s h e d  f a c t  tk-" ~ i a  L 

z c t i v e l y  growing regions  a r e  'nigh i n  9 l a n t  hormones. Auxir, i s  

k c o m  co  be t r a n s l o c a t e d  i n  2 l a n t s  (Skoog 1938, and Went 1937)  . 
iz corn t h e  r a t e  of t r a n s l o c a t i o n  &creased a s  t h e  leaves  beczze 

clcez, a s  would be expected i f  a ~ x i n s  were inf luencing  t h s  r a t e  of  



translocation, Older leaves are known to become low in hormones 

as they reach senescence. Auxins are known to stimulate 

respiration (~onner 1933) and also increase the movement of 

material through the membranes (Ursino 1964). Vernon and Aronoff 

(1952) found that 2,4-dichlorophenoxyacetig, acid (2, 4-D) decreased 

the rate of translocation from the site of photosynthesis to the 

translocation stream. Since 2,4-D acts like an auxin and becomes 

inhibitory at very low concentration, these results again indicate 

a sensitivity of translocation out of the leaf to auxin. 

The experiments reported here suggest that translocation 

from the leaves may be the limiting factor in translocation. That 

the sink is able to alter or control translocation through hormones 

was not established in this work. However, the test system that 

was established for translocation out of the leaves gives a ready 

way of testing the effect of the activity of the sink on trans- 

location. The test system can be used to study the effect of 
i 

inhibiting or stimulating the activity of the sink on translocation 
1 1  1" 

from the leaf. 

These studies suggest that translocation may be 

controlled at the membranes between the assimilating cells and the 

phloem. The studies here could readily be expanded to an intensive 

study of the control of translocation in higher plants. 
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