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Seasona l  changes  i n  t h e  r a t e  of t r a n s l o c a t i o n  i n  grand f i r  

(Abies g r a n d i s  Dougl.)  were fo l lowed  usi r ig  p h o t o s y n t h e t i c a l l y  

a s s i m i l a t e d  14c-organ ic  compounds and a  g e i g e r  tube  p l a c e d  a g a i n s t  t h e  

o u t s i d e  s u r f a c e  of t h e  t r e e .  The g e i g e r  tube t echn ique  was s e n s i t i v e  

enough t o  i d e n t i f y  a  bimodal p a t t e r n  of t r a n s l o c a t i o n  w i t h  peaks  i n  

t h e  s p r i n g  and autumn. T r a n s l o c a t i o n  was measured from t h e  t i p  of b ranches  

t o  r e g i o n s  on t h e  b ranch  c l o s e r  t o  t h e  main t r u n k .  

Organic  compounds were e x t r a c t e d  from t h e  f e d  r e g i o n  and a non-fed 

r e g i o n  on t h e  same branch ,  d u r i n g  t h e  s p r i n g ,  midsummer and autumn. 

S i x  hours  a f t e r  t h e  up take  of 14c02 over  80% of t h e  14c-organ ic  compounds 

were r e c o v e r e d  from t h e  n e e d l e s  of t h e  f e d  r e g i o n .  D i f f e r e n t  amounts of 

1 4 ~  were found i n  t h e  non-fed b ranch  c o r r e s p o n d i n g  t o  t h e  changes i n  r a t e  

of t r a n s l o c a t i o n  w i t h  s e a s o n .  The metabol ism of the  ethanol-so1ubl.e 

o r g a n i c  compounds t o  e  t h a n o l -  i n s o l u b l e  o r g a n i c  compounds i n c r e a s e d  w i t h  

increas5.ng r a t e s  o i  t r a n s l o c a t i o n ,  a l t h o u g h  t h e  r e l a t i o n s h i p  was n o t  

d i r e c t l y  p r o p o r t i o n a l .  Sucrose  was found t o  c o n t a i n  most of t h e  14c i n  

t h e  e t h a n o l - s o l u b l e  compounds of b o t h  t h e  f e d  n e e d l e s  and t h e  non-fed 

r e g i o n  o f  t h e  bra-nch e x c e p t  d u r i n g  t h e  s p r i n g  when t h e r e  were a l s o  l a r g e  

amounts of 14c-sh ik imic  and 1 4 ~ - q u i n i c  a c i d s  i n  t h e  r e d  n e e d l e s .  Thus 

s u c r o s e  a p p e a r s  t o  be t h e  form i n  which t h e  b u l k  of carbon i s  t r a n s l o c a t e d  

i n  grand f i r .  

Fo l lowing  a s s i m i l a t i o n  of boeh 3 ~ 2 ~  nnd 14c02 by soybean 

(GZycine max L . )  i n  t h e  l i g h t ,  s i m i l a r  p e r c e n t a g e s  of non-exchai~geable  



3~ and of 14c were d i s ' t r i b u t e d  i n  e a c h  of t h e  i d e n t i f i e d  compounds w i t h  

t h e  e x c e p t i o n s  of g l y c  ine -  s e r  i n e  and g lu tamic  - a c i d s .  Glycine-  s e r  i n e  

e o n t a i n e d  p r o p o r t i o n a l l y  more 14c ;han expec ted  on t h e  b a s i s  of p e r c e n t a g e  

of 3 ~ ;  and g l u t a m i c  a c i d  c o n t a i n e d  p r o p o r t i o n a l l y  rnore 3~ t h a n  e x p e c t e d  

3  on  t h e  b a s i s  of 14c. 3 0 t h  H- End 14c-organ ic  compounds were t r a n s l o c a t e d  

a t  s i m i l a r  r a t e s  and i n  b o t h  c a s e s  t h e  main compound t r a n s l o c a t e d  was 

s u c r o s e .  The metabol ism of d a r k  a s s i m i l a t e d  'H was d i f f e r e n t  f rom d a r k  

a s s i m i l a t e d  14c, b u t  i n  n e i t h e r  c a s e  was i t  a  c i g n i f i c a n t  f a c t o r  i n  t h e  

p l a n t .  

T r a n s l o c a t  i o n  of 3 ~ -  and 14c- o r g a n i c  compounds under  d i f  f e r b n t  

env i ronmenta l  02 c o n c e n t r a t i o n s  was observed a f t e r  a  s e q u e n t i a l  f e e d i n g  

of 3 ~ 2 ~  arid 14c02 t o  t h e  s2xe soybean l e a f .  A t  2% 02 lower t r a n s l o c a t i o n  

r a t e s  were observed  t h a n  a t  21% o r  99% 02.  Th is  was found t o  be due t o  

t h e  e f f e c t  of O2 on t h e  d i s t r i b u t i o n  of 3~ and 14c among t h e  r e c e n t  

p r o d u c t s  of p h o t o s y n t h e s i s .  
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d i s t r i b u t e d  i n  t h e  s u g a r s ,  amino a c i d s  and 
o r g a n i c  a c i d s  a f t e r  1 minute p h o t o s y n t h e s i s  w i t h  
3820 and 14c02 fo l lowed  by 0 ,  4 ,  9 minu tes  i n  
a i r .  Each v a l u e  i s  t h e  mean f o r  4  pr imary 
l e a v e s  of soybean & s t a n d a r d  d e v i a t i o n .  

F i g .  3 . 4  P e r c e n t a g e  of non-exchangeable 3~ and of 14c 
d i s t r i b u t e d  i n  i n d i v i d u a l  s u g a r s  e x p r e s s e d  a s  a  
p e r c e n t a g e  of t o t a l  s u g a r s  a f t e r  1 minute 
p h o t o s y n t h e s i s  w i t h  3 ~ 2 0  and 14c02 fo l lowed  
by 0, 4  and 9 minu tes  i n  a i r .  Each v a l u e  i s  t h e  
mean f o r  4  pr imary l e a v e s  of soybean f s t a n d a r d  
d e v i a t  ion .  
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F i g .  3 . 5  

F i g .  3 . 6  

F i g .  3 . 8  

F i g .  3 . 9  

F i g .  3 . 1 0  

F i g .  3 . 1 1  

p e r c e n t a g e  of non-exchangeable 3~ and of 14c 
d i s t r i b u t e d  i n  i n d i v i d u a l  amino a c i d s  a f t e - r  1 
minu te  p h o t o s y n t h e s i s  'w i th  3 ~ 2 ~  and 14c02 
fo l lowed  by 0 ,  4 and 9 minu tes  i n  a i r .  Each 
v a l u e  i s  t h e  mean of 4  p r imary  l e a v e s  of soybean + 
s t a n d a r d  d e v i a t i o n .  

P e r c e n t a g e  of non-exchangeable 3~ and of 14c 
d i s t r i b u t e d  i n  i n d i v i d u a l  o r g a n i c  a c i d s  a f t e r  
1 minute  p h o t o s y n t h e s i s  w i t h  3 ~ 2 ~  and 14c02 
fo l lowed  by 0 ,  4  and 9  minu tes  i n  a i r .  Each 
v a l u e  i s  t h e  mean of 4 p r imary  l e a v e s  of 
soybean & s t a n d a r d  d e v i a t i o n .  

T r a n s l o c a t i o n  of non-exchangeable 3~ and of 14c 
i n  t h e  e t h a n o l - s o l u b l e  o r g a n i c  compounds a f t e r  a 
30  minute  f e e d i n g  w i t h  3 ~ 2 ~  and 14c02 b o t h  i n  the  
l i g h t  and i n  t h e  da rk .  P e r c e n t a g e  t r a n s l o c a t i o n  i n  
e a c h  p l a n t  p i e c e  i s  e x p r e s s e d  a s  a  pe rcen tage  of 
t o t a l  3~ and 14c t r a n s l o c a t e d .  Each v a l u e  i s  t h e  
mean of 4  soybeans f s t a n d a r d  d e v i a t i o n .  

P e r c e n t a g e  of non-exchangeable 3~ and of 14c 
d i s  tr  ibute 'd i n  i n d i v i d u a l  o r g a n i c  compounds of 
t h e  f e d  l e a f  expressed  a s  a  pe rcen tage  of t o t a l  
3~ o r  14c i n  the  o r g a n i c  com ounds a f t e r  30 

14 minu tes  p h o t o s y n t h e s i s  w i t h  'H20 and CO2. Each 
v a l u e  i s  t h e  mean of 4  soybeans  + s t a n d a r d  d e v i a t i o n .  

P e r c e n t a g e  of non-exchangeable 3~ and of 14c 
d i s t r i b u t e d  i n  i n d i v i d u a l  o r g a n i c  compounds of 
t h e  s t em expressed  a s  a  p e r c e n t a g e  of t o t a l  3~ 
o r  14c i n  t h e  o r g a n i c  compounds a f t e r  30 minutes  
p h o t o s y n t h e s i s  w i t h  3 ~ 2 ~  and 14c03. Each v a l u e  
i s  t h e  mean f o r  4  soybeans + s t a n  a r d  d e v i a t i o n .  

P e r c e n t a g e  of non-exchangeable 3~ and of 14c 
d i s t r i b u t e d  i n  i n d i v i d u a l  o r g a n i c  compounds of 
t h e  f e d  l e a f  expressed  a s  a  p e r c e n t a g e  of t o t a l  3~ 
and 14c i n  t h e  o r g a n i c  compounds a f t e r  30 minu tes  

3  14 d a r k  a s s i m i l a t i o n  w i t h  H20 and CO2. Each v a l u e  
i s  t h e  mean of 4  soybeans f s t a n d a r d  d e v i a t i o n .  

P e r c e n t a g e  of non-exchangeable 'H d i s  tr i b u t e d  i n  
i n d i v i d u a l  o r g a n i c  con~pounds of the  s tem e x p r e s s e d  
as a  pe rcen tage  of t o t a l  3~ i n  t h e  o r g a n i c  
compounds a f t e r  30 minutes  d a r k  a s s i m i l a t i o n .  Each 
v a l u e  i s  t h e  mean of 4 soybeans * s t a n d a r d  d e v i a t i o n .  

x i i  
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Chapter 4 

F i g .  4 . 1  

F i g .  4 .2  

F i g .  4 . 3  

F i g .  4 . 4  

F i g .  4 . 5  

F i g .  4 . 6  

A ~ p a r a t u s  f o r  s e q u e n t i a l  f e e d i n g  of 3 ~ 2 ~  and 14c02 
t o  a p r imary  l e a f  of soybean. 

Exper imenta l  sequence u s e d  t o  f e e d  pr imary l e a v e s  
of soybean 3 .43 X 1 0 ~ ~  moles ( 5 0 1 y )  of 3~ a s  3 ~ 2 ~  
and 1 . 0 5  X 10- moles (0 .68 pc) C a s  14c02. 
The gas  m i x t u r e s  used  d u r i n g  f e e d i n g  conta i -ned 2%, 
21% o r  99% 02 ,  0.03% CO2 and t h e  remainder  N2.  

T o t a l  non-exchangeable 3~ and 14c a s s i m i l a t e d  i n t o  
soybeans  d u r i n g  f e e d i n g  sequence A and B (F ig .  4 . 2 ) .  
Each b a r  h i s togram r e p r e s e n t s  one p l a n t  and each  
p l a n t  i s  r e p r e s e n t e d  twice ;  once f o r  3~ and a g a i n  i n  
t h e  c o r r e s p o n d i n g  p o s i t i o n  i n  t h e  l4c  f i g u r e .  

D i s t r i b u t i o n  of non-exchangeable 3 ~ i  and of 14c 
among s u g a r s ,  amino a c i d s  and o r g a n i c  a c i d s  i n  
t h e  e  thano l -  s o l u b l e  e x t r a c t s  of t h e  p r  imary 
l e a v e s  of soybean f o l l o w i n g  a s e q u e n t i a l  f e e d i n g  
w i t h  14c02 t h e n  3 ~ 2 ~ ,  f e e d i n g  sequence A ( F i g .  4 . 2 ) .  

D i s t r i b u t i o n  of 14c and non-exchangeahle 311 
between s u g a r s ,  amino a c i d s  and o r g a n i c  a c i d s  
i n  t h e  e t h a n o l - s o l u b l e  e x t r a c t  of t h e  pr imary l e a f  
of soybean f o l l o w i n g  a  s e q u e n t i a l  f e e d i n g  w i t h  

3 14c02 t h e n  H20, f e e d i n g  sequence B ( F i g .  4 . 2 ) .  

Schematic r e p r e s e n t a t i o n  r e l a t i n g  s u g a r s ,  a q i n o  
a c i d s  and o r g a n i c  a c i d s  a t  2% and 99% 02 t o  t h e  
m e t a b o l i c  pathway a t  21% 02. 

x i i i  



INTRODU CTION ' TO THE THESIS 

.Most of the r e c e n t  knowledge about t r a n s l o c a t i o n  of organic  cornpounds 

i n  vascu la r  p l a n t s  has been obtained us ing  14c - l abe l l ed  organic  compounds. 

T rans loca t ion  r a t e s  have been e s t a b l i s h e d  i n  many spec i e s  (1)  bu t  because 

of the  d i f f i c u l t i e s  i n  d e t e c t i n g  low l e v e l s  of 1 4 C  and because t r a n s l o c a t i o n  

resembles a  "speeded-up d i f f u s i o n  process", maximum r a t e s  of t r a n s l o c a t i o n  

a r e  not  completely agreed upon ( 7 ) .  I n  f a c t  two types of t r a n s l o c a t i o n  

have been r epor t ed ,  r a p i d  t r a n s l o c a t i o n  (2000 cm/hr) (9) and slow 

t r a n s l o c a t i o n  (100 cm/hr), both func t ion ing  i n  the Same p l a n t .  

The anatomy of s i e v e  tubes,  be l ieved  t o  c a r r y  organic  compounds ( l 3 ) ,  

i s  a l s o  c o n t r o v e r s i a l .  Some workers be l i eve  t h a t  s i e v e  tubes con ta in  

cytoplasmic s t r a n d s  s t r e t c h i n g  from s i e v e  p l a t e  t o  s i eve  p l a t e  through 

the  lumen of the c e l l  and these  s t r ands  func t ion  i n  t r a n s l o c a t i o n  i n  

i n t a c t  c e l l s  (4,12).  Other workers be l i eve  t h a t  s t r a n d s  a r e  an a r t i f a c t  

of s e c t i o n i n g  and a r e  p a r t  of an imovab le  f i b r i l  l a y e r  a t t ached  t o  the  

p a r i e t a l  l a y e r  of cytoplasm (2 ,3) .  Whichever theory of s ieve-  tube anatomy 

is  proven c o r r e c t ,  i t  w i l l  c l a r i f y  the  seve ra l  t h e o r i e s  of phloem t r ans loca -  

t i o n  which have been proposed t o  da te  (6,11,12,15,16). 

Although an  accu ra t e  c r i t e r i o n  f o r  maximum r a t e  of t r a n s l o c a t i o n  

and the  mechanism by which t r a n s l o c a t i o n  ope ra t e s  has no t  y e t  been e s t a b l i s h e d ,  

bulk movement of organic  compounds can be measured and compared us ing  14c. 

Beyond the t h e o r e t i c a l  l e v e l  of t r a n s l o c a t i o n  s t u d i e s ,  t he re  a r e  many 

unanswered ques t ions  a t  the l e v e l  of movement of organic  compounds i n  i n t a c t  

p l a n t s .  The f a c t o r s  c o n t r o l l i n g  seasonal  changes i n  t r a n s l o c a t i o n  i n  t r e e s  
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s 

(5,10,14) a r e  unknown. These c o n t r o l l i n g  f a c t o r s  a r e  probably r e l a t e d  

t o  environmental changes (8) and i f  they  can be r egu la t ed  perhaps 

t r a n s l o c a t i o n  could be s t imu la t ed  under c e r t a i n  condi t ions .  Another 

problem i s  v a r i a t i o n  i n  t r a n s l o c a t i o n  between p l a n t s  of the Same spec i e s  

wi th  the Same previous  condi t ion ing .  I n c r e a s i n g  the number of p l a n t s  

t o  o b t a i n  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  is  one method t o  reduce the  

problem of i nd iv idua l  v a r i a t i o n  but  i t  would be u s e f u l  t o  perform more than 

one experiment on the Same p l an t .  The na ture  of most t r a n s l o c a t i o n  

experiments u s i n g  14c n e c e s s i t a t e s  t h a t  the p l a n t  be used only  once s i n c e  it 

must be k i l l e d  and e x t r a c t e d  t o  assay  f o r  amounts of 1 4 ~ o r g a n i c  compounds. 

With these  ideas  i n  mind, t r a n s l o c a t i o n  i n  young grand f i r s  was 

s tud ied  wi th  the  hope of producing r e s u l t s  t h a t  could be app l i ed  t o  f i e l d  

a p p l i c a t i o n  of systemic i n s e c t i c i d e s  t o  combat the balsam woolly aphid. 

This  problem was approached from the s t andpo in t  of determining i f  t he re  

was a seasonal  na tu re  t o  t r a n s l o c a t i o n  i n  f i r  t r e e s ,  s i m i l a r  t o  o t h e r  

c o n i f e r s  (5,10,14) and e s t a b l i s h i n g  the c o n t r o l l i n g  f a c t o r s  on t h i s  

seasonal  t r a n s l o c a t i o n .  Because t r a n s l o c a t i o n  r a t e s  between ind iv idua l  

t r e e s  were v a r i a b l e  i t  was decided t o  develop a  technique u s i n g  f i r s t  3~ 

then 14c- labe l led  organic  compounds under two d i f f e r e n t  environmental 

condi t ions  i n  the  Same p l a n t .  Since woody t i s s u e  i s  hard t o  e x t r a c t  t h i s  

technique was developed wi th  soybeans. This technique was used t o  determine 

the  e f f e c t  of environmental oxygen concen t r a t ion  on t r a n s l o c a t i o n  i n  soybean 

bu t  has not  a s  y e t  been app l i ed  t o  t r e e s .  
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Seasonal Var i a t ions  i n  14c Trans loca t ion  i n  Grand F i r  



Chapter 1 

Heavy i n f e s t a t i o n s  of balsam woolly aphid (Adelges p i c e a e  Ratz. ) a r e  

des t roy ing  economically important s tands  of t r u e  f i r s  (Abies spp.)  i n  the  

maritime provinces ,  t he  Appalachians of no r theas t e rn  United S t a t e s ,  north-  

western United S t a t e s  and B r i t i s h  Columbia (1,2).  The balsam woolly aphid 

f eeds  on the  bark of balsam f  ir  causing product ion of abnormal and non-funct ional  

phloem which e v e n t u a l l y  k i l l s  the  t r e e  (13). It has been suggested t h a t  an  

i n s e c t i c i d e  might be sprayed on f i r  t r e e s ,  akisorbed and carr ie 'd  i n  the 

t r a n s l o c a t i o n  s t ream t o  the  i n f e s t e d  reg ion  (12). This would be i n  preference  

t o  d i r e c t l y  spraying  the  aphids which a r e  p ro t ec t ed  by t h e i r  waxy wo01 and by 

c rev ices  i n  t he  bark  and would p r o t e c t  n a t u r a l  i n s e c t  p reda to r s  from c o n t a c t  

w i th  the  i n s e c t i c i d e .  A knowledge of t r a n s l o c a t i o n  and seasonal  v a r i a t i o n s  

i n  magnitude and pa ths  of t r a n s l o c a t i o n  is  r equ i r ed  before  a  proper  eva lua t ion  

of systemic i n s e c t i c i d e s  can be made. 

A systemic i n s e c t i c i d e  sprayed onto the  su r f ace  of the  t i p s  of f i r  

branches w a s  found t o  migrate  i n  the phloem t o  o t h e r  p a r t s  of t he  t r e e  (11). 

I f  t he re  is a seasonal  cha rac t e r  t o  the t r a n s l o c a t i o n  i n  the f i r ,  then  the 

c o r r e c t  time t o  embark on a  Spray program becomes v i t a l .  

There a r e  c o n f l i c t i n g  r e p o r t s  on seasonal  v a r i a t i o n  of t r a n s l o c a t i o n  

i n  t r e e s .  Seasonal changes i n  the magnitude of 14~-photosyntha te  t r a n s l o c a t e d  

from the shoot  t o  t he  r o o t  of three-year-old white pine (Pinus s t robus  L . )  

(7,8,14) and from new needles  t o  r o o t  i n  r e d  pine (Pinus r e s i n o s a  A i t . )  (4)  

f i t s  a  bimodal curve wi th  peaks i n  the s p r i n g  and autumn and l i t t l e  t r a n s -  

l o c a t i o n  dur ing  J u l y  and August. Peak t r a n s l o c a t i o n  of 14~-photosyntha te  
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h a s  a l s o  been r e p o r t e d  i n  t h e  autumn w i t h  no peak i n  t h e  s p r i n g  f rom s h o o t s  

t o  r o o t s  i n  young w h i t e  p ine  (17) and f rom o l d  n e e d l e s  t o  r o o t s  i n  r e d  

p i n e  (4).  Only,  a s p r i n g  peak i n  t r a n s l o c a t i o n  o f  1 4 ~ - p h o t o s y n t h a t e  o c c u r s  

f rom new n e e d l e s  t o  o l d  n e e d l e s  2nd from new n e e d l e s  t o  new n e e d l e s  i n  r e d  

p i n e  ( 4 ) .  

It was s u g g e s t e d  t h a t  t h e  t ime of s low t r a n s l o c a t i o n  f rom t h e  s h o o t s  

t o  t h e  r o o t s  of w h i t e  p i n e  can  be deterrnined a s  f o l l o w s  ( 7 ) :  

1. By p e r m i t t i n g  s h o o t s  t o  c a r r y  on p h o t o s g n t h e s i s  i n  14c02,  e x t r a c t i n g  

and measur ing t h e  1 4 C  t r a n s l o c a t e d  t o  t h e  r o o t s .  

2 .  By o b s e r v i n g  t h e  g r o w t h - r a t e s  of t h e  l e a d e r  s tem and t h e  new 
L 

n e e d l e s .  

3 .  By p e r m i t t i n g  a  s h o o t  t o  c a r r y  on p h o t o s y n t h e s i s  i n  14c02 f o r  1 

hour and comparing t h e  s p e c i f i c  a c t i v i t y  of 14c02 r e s p i r e d  a t  t h e  end of 

f e e d i n g  a s  compared t o  t h i s  s p e c i f i c  a c t i v i t y  7 hours  l a t e r .  

4. By o b s e r v i n g  t h e  b i o - e l e c t r i c  p o t e n t i a l  d i f i e r e n c e  between t h e  

b a s e  and t o p  of t h e  s e e d l i n g .  

An a d d i t i o n a l  niethod i s  t h e  use  of a  g e i g e r  tube t o  measure t h e  l o s s  

of 1 4 ~  f rom t h e  f e d  r e g i o n  of a  l e a f  (5)  b u t  t h i s  method has  n o t  been used  

t o  d i r e c t l y  measure t r a n s l o c a t i o n  i n  t r e e s .  By f c e d i n g  14c02 2nd u s i n g  t h e  

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

p h o t o s y n t h e s i s  i t  s h o u l d  be p o s s i b l e  t o  f o l l o w  s e a s o n a l  v a r i a t i o n s  i n  t r a n s -  

l o c a t i o n  w i t h o u t  d e s t r o y i n g  t h e  t r e e .  This  method cou1.d be adaptecl t o  

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

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

e l e v a t i o n  o r  l o c a t i o n .  
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MATE RIALS AND METHODS 

Grand f i r s  (Abies grandis  Dougl.), 20 s tock ,  po t t ed  i n  November 1966 were 

r ep l an ted  and l e f t  o u t  of doors u n t i l  taken t o  the l abo ra to ry  between May 

and September 1968. A t  the  beginning of May 1968 branches t o  be f e d  14C02 

. were s e l e c t e d  f o r  uniform s i z e  from the top  whorl of branches on the t r e e s .  

On t h e  day be fo re  f eed ing ,  the t r e e s  were placed i n  a  growth cab ine t  (16 hours 

of l i g h t  a t  70•‹, 8  hours of darkness a t  56'). L igh t  i n t e n s i t y  was 2,000 f t - C  

a s  measured by a  Weston l i g h t  meter.  A t  the  time of f eed ing  the  t r e e s  were 

four-years  o l d  and had two whorls of branches,  one a t  the  top of t he  t r e e  

and another  a t  the  base of the  main t runk.  

A 1 cm s e c t i o n  of the  branch t i p  was sea l ed  (with p a r a f f i n  wax and 

vase l ine  1 : l )  i n  a  p l e x i g l a s s  f eed ing  chamber (Fig. 1 .1) .  During f eed ings  

from May 16  t o  June 4 (May-June.), the f eed ing  chamber enclosed the branch 

t i p .  I n  feedings  dur ing  J u l y  and September the  branch t i p  was l e f t  ou t s ide  

the chamber and a  s e c t i o n  1 cm long lower on the branch was enclosed i n  t he  

chamber. A ge iger  tube (Anton-Lionel type 6222) was he ld  by a  p r o j e c t i o n  

from the  f eed ing  chamber a g a i n s t  the under su r f ace  of the branch between 

the  f eed ing  chamber and the main t r e e  trunk. Thus on d i f f e r e n t  t r e e s  t he  

ge iger  tube was placed i n  cons tan t  p o s i t i o n  1 cm from the  f eed ing  chamber. 

The ge iger  tube ou tpu t  was connected t o  a  ra temeter  (Nuclear Chicago 8731) 

and a  r eco rde r  (Riken Denshi Model S P-J 2 ) .  This arrangement measured 14c 

which was t r anspor t ed  from the f e d  region.  The f eed ing  chamber was p a r t  

of a  c lo sed  gas c i r c u i t  conta in ing  a  pump, a 14c02 genera t ing  f l a s k  and 

a  second ge iger  tube (Anton-Lionel type 6222). The second ge iger  tube 
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F i g u r e  1.1 Apparatus f o r  f e e d i n e  14c02 t o  1 c m  s e c t i o n  of g rand  i i r .  





with  i t s  ra temeter  and recorder  measuied the l4m2 remaining i n  the c losed  

c i r c u i t  of the  f eed ing  appara tus  t o  i n d i c a t e  uptake of 14c by the branch. 

1 10 p l  a l i q u o t  of ~ a ~ ~ ~ ~ 0 ~  ( s p e c i f i c  a c t i v i t y  76.6 atoms pe rcen t ,  140 p )  

was converted t o  14c02 wi th  2~ H2S04 and the 14c02 o f f e r e d  t o  the branch 

s e c t i o n  f o r  1 hour. A t  the end of the f e e d i n ~ t i m e  the  c i r c u i t  was opened 

and room a i r  was pumped through the chamber. Care was taken t o  f l u s h  the  

14m2 o u t  of the  growth cab ine t .  

From the  beginning of feeding  u n t i l  e x t r a c t i o n  a  continuous record  

l a s t i n g  f o r  2 ,  6  o r  24 hours i n  Nay-June, 2,  6 ,  36 o r  48 hours i n  Ju ly  and 2, 

6, 24 o r  48 hours i n  September was kep t  of t he  Counts per  minute (cpm) on the  

ge iger  tube ou t s ide  the f e d  a rea .  A t  the end of these  t imes the  branch was 

c u t  i n t o  the  f e d  r eg ion ,  t i p  of the branch above the f e d  reg ion ,  and the branch 

between the f e d  r eg ion  and the  main t runk  was d iv ided  i n t o  Stern, needles  and 

s i d e  branches o f f  the main branch. I n  feedings  dur ing  May-June, s i d e  branches 

were included wi th  needles  of the main branch. Each p iece  was weighed, k i l l e d  

i n  b o i l i n g  80% e thano l :  20% water ,  homogenized (VirTis  Homogenizer Model 45) 

and e x t r a c t e d  wi th  hot  80% e thanol :  20% water .  The e x t r a c t  was f i l t e r e d  

through Whatman No 1 f i l t e r  paper and the  e thanol  removed from the e x t r a c t  

i n  a  f l a c h  evapora tor .  The e x t r a c t  was d i l u t e d  wi th  water t o  a  known volume 

and the amount of 14c was assayed i n  a  l i q u i d  s c i n t i l l a t i o n  spectrometer  (Packard 

Tr icarb  S e r i e s  3000) u s i n g  a  dioxane-based s c i n t i l l a t i o n  s o l u t i o n .  Counts of 

14 
C were co r r ec t ed  f o r  quench (18) wi th  an e x t e r n a l  s tandard  (Radium 226). 

The e thano l - in so lub le  r e s idue  was washed from the f i l t e r  paper ,  d r i e d  

and then converted t o  14c02 by wet combustion (9,10,20).  The r e s u l t i n g  

14 
C02 was d isso lved  i n  a  2: 1 mixture of e thylene  g lycol  monomethylether and 
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methanolamine and its radioactiviti determined in a dioxane-based 

scinti11ation solution in the scintillation spectrometer. 
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I n  May-June the  f r e s h  weights of stem and needles  of the  f e d  r eg ion  was 

s l i g h t l y  l e s s  t han  l a t e r  i n  the  season (Table 1.1) s i n c e  new growth a t  t he  

t i p  of the  branch was not  f u l l y  expanded and the  chamber enclosed the  t i p  

r a t h e r  t han  a s e c t i o n  f u r t h e r  down the  branch. Fresh  weights of t he  branch 

t i p  and the  s i d e  branches o f f  the main branch showed the g r e a t e s t  v a r i a t i o n  ( f o r  

J u l y  f eed ings  80% and 83% coeff  i c i e n t  of Variat ion1*).  Diff i c u l t y  i n  

p l ac ing  the  chamber s o  t h a t  a  uniform amount b f  the  branch was. exposed above 

the  t i p  accounts  f o r  v a r i a t i o n  i n  f r e s h  weights of the  branch t i p .  Uneven 

growth of s i d e  branches o f f  t he  main branch accounts  f o r  t h e i r  v a r i a b i l i t y .  

Fresh  weights  of t he  f e d  r e g i o n  showed the  s m a l l e s t  v a r i a t i o n  ( l e s s  than  

25% c o e f f i c i e n t  of v a r i a t i o n ) ,  except  f o r  the  f e d  needles  i n  t he  May-June 

feedings  which- showed a  l a r g e r  v a r i a t i o n  (47% coeff  i c i e n t  of v a r i a t i o n )  . 
This l a r g e r  v a r i a t i o n  i s  due t o  expanding needles .  Since a 1 cm s e c t i o n  

was always enc losed  i n  the  chamber the f e d  r eg ion  showed l e s s  v a r i a t i o n  

than o the r  s e c t i o n s  of t he  branch. 

The arnount of 14c p resen t  i n  the stem was of t he  Same o rde r  of 

nagni tude f o r  a l l  f eed ings  (Table 1.2) .  To ta l  14c found i n  the  branch 

a t  any g iven  time i s  the  amount of 14c a s s i m i l a t e d  i n t o  the  organic  compounds 

i n  photosynthes is  p l u s  14rn2 l o s  t due to r e s p i r a t i o n  and 1 4 ~ o r g a n i c  

compounds l o s t  from the  branch by t r ans loca t ion .  Others 'have 

found (4) t h a t  i n  r e d  p ine ,  r e s p i r a t i o n  dur ing  the  72 hours fo l lowing  

feeding  wi th  1402, accounts f o r  the  l o s s  of on ly  

t o t a l  14c appl ied .  It i s  assumed, i n  the  absence 

coef f  i c i e n t  of v a r i a t i o n  = s tandard  d e v i a t i o n  
me an 

a small  f r a c t i o n  of the 

of d i r e c t  de te rmina t ion  
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~ a b l e  1.1 Fresh  weights  of p i eces  of grand f i r  branches a t  d i f f e r e n t  

pe r iods  dur ing  t h e  season. 

May 16-June 4'. J u l y  8-16' Sept.  2-202* 

g g g 

(branch t i p  

( fed  needles  
( 
( 
( fed  stem 

(stem between f e d  r eg ion  0.11 f 9% 0.12 f 33% 0.16 f 13% 
(and main t runk  
( 
(needles  between f e d  0.65 f 31% 0.52 f 54% 0.52 f 35% 
( reg ion  and main t runk  
( 
(branch o f f  main branch 0 . 2 4 & 8 3 %  0 . 4 8 f  52% 
(outs ide  f e d  r e g i o n  

mean of 4 t r e e s  f c o e f f i c i e n t  of v a r i a t i o n .  

* *  mean of 8 t r e e s  f coeff  i c i e n t  of v a r i a t i o n .  
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Table 1 . 2  T o t a l  14c found i n  t h e  e t h a n o l - s o l u b l e  and e t h a n o l - i n s o l u b l e  

f r a c t i o n  of a b ranch  of grand f i r  where a 1 cm s e c t i o n  of t h e  

b r a n c h  was o f f e r e d  14c02 f o r  1 hour and t h e n  k i l l e d  and e x t r a c t e d  

a t  2 ,  6 ,  24 and 48 hours  a f t e r  t h e  b e g i n n i n g  of f e e d i n g .  

Date t ime frorn s t a r t  of 1 hour 
f e e d i n g  t o  e x t r a c t i o n  

t o t a l  14c found 
i n  b ranch  dpm 

May 1 6  
May 17 
June  3 
June  4  

J u l y  8 
J u l y  9 
J u l y  1 5  
J u l y  1 6  

Sep t  2  
Sep t  3 
Sept  5 
Sep t  6  

Sept  9 
Sep t  1 0  
Sep t  16 
Sep t  1 8  

2 hours  1 0  min 
5 hours  45  min 
2 hours  
6  hours  1 0  min 

2  hours  
6 hours  
2  hours  
6  hour s 

2 hours  
6 hours  
2 hours  
6  hours  

24 hour s 
24 hour s 
48 hour s 
48 hour s 

I' mean + t h e  c o e f f  i c i e n t  of v a r l a t i o n .  
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t h a t  t h e  grand f i r  responds not  too d i f f e r e n t i y .  Trans loca t ion  of 14c 

frorn the  branch t o  o t h e r  p a r t s  of the  t r e e  a l s o  c o n t r i b u t e s  t o  l o s s  of 14c. 

The e x t e n t  of t h i s  l o s s  w i l l  be eva lua ted  i n  a  l a t e r  s e c t i o n .  

For May-June, J u l y  and September the 2 and 6 hour feedings  were 

t r e a t e d  a s  a group t o  determine i f  t he re  were any s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r ences  between the  amount of 14.c l e f t  i n  the  branch dur ing  the d i f f e r e n t  

seasons. There i s  no s i g n i f  i c a n t  d i f f e r ence  ( t - t e s t ,  P=0.05) between the  

average amounts of 14c found i n  the branches 2  and 6 hours a f t e r  the  f eed ing  

began f o r  any of t he  seasonal  per iods  s tud ied .  The average amount of 14C 

i n  branches a f t e r  24 and 48 hours i n  September i s  s i g n i f i c a n t l y  l e s s  

( t - t e s t ,  P=0.01) Chan a f t e r  2  and 6 hours i n  September. This l o s s  of 14c 

could be accounted f o r  by a  g r e a t e r  time f o r  r e s p i r a t i o n  and t r a n s l o c a t i o n  

out of the  branch. 

I n  the  May-June feedings  the re  was a more r a p i d  inc rease  i n  14c i n  the  

branch ou t s ide  the  f e d  r eg ion  during the 1 hour f eed ing  than  l a t e r  i n  the  

season (Fig. 1.2).  This increase  l e v e l l e d  o f f  before  the end of the second 

hour a f t e r  f eed ing  began. This was followed by a  per iod  of slow inc rease  i n  

14c which continued s t e a d i l y  f o r  a t  l e a s t  48 hours. I n  J u l y  feedings  the re  

was only a small increase  (40 cpm) i n  the amount of 14c measured ou t s ide  the  

f e d  r eg ion  dur ing  the  feeding ,  and the amount of 14c d i d  not  i nc rease  wi th  

t irne . 
I n  September f eed ings ,  an  increase  i n  the  amount of 14c ou t s ide  the  

f e d  reg ion  began between 2  and 14 hours a f t e r  the  S t a r t  of feeding .  A 

s t eady  inc rease  cont inued u n t i l  t he re  was about the Same arnount of 14c 

a f t e r  48 hours i n  September (Fig. 1.2C) a s  a f  t e r  6 hours i n  May- June (Fig. 1.2A). 
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F i g u r e  1 . 2  Seasona l  changes  i n  r a t e  of  t r a n s l o c a t i o n  of I4c t o  a  r e g i o n  - 
1 c m  c l o s e r  t o  t h e  main t r u n k  t l ian t h e  f e d  r e g i o n .  The 14c 

was measured w i t h  a g e i g e r  tube  p l a c e d  a g a i n s t  t h e  lcwer 

s u r f  a c e  of t h e  branch.  
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The e f f i c i e n c y  of the 14c measu~ement can be expressed by the value. ob- 

ta ined  on an  instrument  (cpm) divided by the  amount of I4c p resen t  i n  the sample 

measured (dpm). The ge iger  tube was l e s s  t han  1% e f f i c i e n t  a t  measuring 

t o t C l  14c (Table 1 .3) .  I n  J u l y  feedings  the  ge iger  tube measured the small 

amount of 14c wi th  a g r e a t e r  e f f i c i e n c y  b u t  wi th  a  v a r i a t i o n  of over 100% 

as compared t o  v a r i a t i o n  of l e s s  than  30% i n  May-June o r  September. The 

ge iger  tube r e f l e c t e d  the amounts of e thanol -so luble  14c-organic compounds 

wi th  l e s s  v a r i a t i o n  than  the amounts of e thano l - in so lub le  14c-organic 

compounds. There is  no differente i n  e f f  i c i ency  va lues  when e  thanol -so luble  

14c r e p l a c e s  t o t a l  14c i n  the e f f  i c i ency  c a l c u l a t i o n s .  When the 

e thano l - so lub le  14c i s  compared wi th  the  cpm from the ge iger  tube the re  

is  an inc rease  i n  v a r i a t i o n  t o  between 60% and 130%. 

Appendix 1 shows e f f i c i e n c y  values obta ined  wi th  the  ge iger  tube f o r  

count ing  14c-organic compounds on chromatography paper and d r i e d  on a  g l a s s  

Cover s l i p .  The ge iger  tube was more e f f  i c i e n t  and showed l e s s  v a r i a t i o n  

i n  assaying  14c under these  condi t ions .  

A t  the  end of 2 hours ,  needles  i n  the f e d  reg ion  contained about 90% of the  

t o t a l  14c i n  the branch arid-showed no s igns  of l o s i n g  14c even a f t e r  6 hours 

(Fig. 1.3A). September feedings  e x t r a c t e d  a f t e r  48 hours showed a s l i g h t  

decrease i n  14c t o  about 85% (Fig. 1.3A). 

I n  May-June feedings  the percentage of 14c found i n  the  stem 

of t h e  f e d  r eg ion  decreased from 2 t o  6 hours (Fig.  1.3B). There was a 

smal le r  percentage of the  14c i n  the stem of the f e d  r eg ion  i n  J u l y  than  i n  

May-June o r  September. I n  September feedings  there  was a  l a r g e  v a r i a t i o n  i n  

the  two va lues  f o r  the  2 hour experiment,  and the  average percentage of l 4 c  found 
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F i g u r e  - 1.3 P e r c e n t a g e  of t o t a l  14c ( e t h a n o l - s o l u b l e  p l u s  e t h a n o l -  i n s o l u b l  

d i s t r i b u t e d  among d i f f e r e n t  s e c t i o n s  of t h e  b ranch .  Each 

t r e e  ( r e p r e s e n t e d  by a b a r  h i s togram)  was o f f e r e d  14a2 f o r  

1 h o u r ,  t h e n  l e f t  i n  a i - r  f o r  2 ,  6 ,  24 o r  48 hours  f rom the  

b e g i n n i n g  of f e e d i n g .  



JNE JULY SEPTEMBER 

MAY-JUNE JULY SEPTEMBER 

MAY-JUNE 



Chapter I 

I 

i n  t h e  steni of t h e  f e d  r e g i o n  i n c r e a s e d  f rom 2  t o  6 hours .  However, i f  

o n l y  t h e  h i g h e s t  v a l u e  a f t e r  2  hours  i s  u s e d ,  t h e  p e r c e n t a g e  of 14C found 

i n  t h e  s tem remained c o n s t a n t  between 2  and 6 hours .  From 6 hours  t o  24 

hours  t h e  Ff 'cc~>L; .ge  of 14c found i n  t h e  ctem d e c r e a s e d  b u t  i n c r e a s e d  

from 24 hours  t o  48 hours .  

I n  May-June and September f e e d i n g s  t h e  p e r c e n t a g e  of 14C found  t h e  

b ranch  o u t s i d e  t h e  f e d  r e g i o n  i n c r e a s e d  from 2 t o  6 hours  (Fig .  1.3C). 

There was no i n c r e a s e  d u r i n g  J u l y .  May-June f e e d i n g s  showed t h e  l a r g e r  

r a t e  of i n c r e a s e .  The s lower  r a t e  of i n c r e a s e  i n  t h e  September f e e d i n g s  

c o n t i n u e d  t o  48 hours  a f t e r  t h e  s t a r t  of f e e d i n g .  Th is  s e a s o n a l  change 

i n  r a t e  of i n c r e a s e  of amount of 14c found i n  tlie branch o u t s i d e  t h e  f e d  

r e g i o n  cor responds  t o  s e a s o n a l  changes found w i t h  t h e  g e i g e r  tube ,  

Feed ings  dur i n g  May-June showed a  d e c r e a s e  i n  pe rcen tage  of 

e t h a n o l - s o l u b l e  14c-organ ic  compounds of t o t a l  14c-organ ic  cornpoiinds i n  

t h e  n e e d l e s  from 2  t o  6 hours  (F ig .  1.4A).  This  r e p r e s e n t s  a  cor responding  

i n c r e a s e  i n  e t h a n o l - i n s o l u b l e  14c-orgnnic  compounds. There was no d e c r e a s e  

w i t h  t ime i n  e t h a n o l - s o l u b l e  ' - 4 ~ - o r g a n i c  compounds i n  samples examined 

a f t e r  2  and 6 hours  i n  J u l y  and September. Feed ings  d u r i n g  September 

chowed a  d e c r e a s e  i n  e t h a n o l - s o l u b l e  1 4 ~ - o r g a n i c  compounds a t  24 hoiirs 

and 48 hours  (Fig .  1,4A).  

There was no d e c r e a s e  i n  t h e  e t h a n o l -  s o l u b l e  ''C- o r g a n i c  compounds of 

t h e  s tem of t h e  f e d  r e g i o n  from 2 t o  6 hours  i n  any of t h e  f e e d i n g s  

(F ig .  3 .[+B). I n  September t h e r e  was a  d e c r e a s e  from 6 hours  t o  24 and 

48 hours .  The b ranch  o u t s i d e  t h e  f c d  r e g i o n  showed a  d e c r e a s e  i n  pe rccn tage  

of c t h a n o l -  s o l u b l e  1 4 ~ - o r g a n i c  compounds f rom 6 t o  24 hours  and a  f u r t h e r  
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F i g u r e  1 . 4  E t h a n o l - s o l u b l e  14c-organ ic  coinpounds e x p r e s s e d  a s  a  p e r c e n t a g ~  

of t o t a l  14c ( e t h a n o l - s o l u b l e  p l u s  e t h a n o l - i n s o l u b l e )  of 

d i f f e r e n t  s e c t i o n s  of t h e  branch.  Each t r e e  ( r e p r e s e n t e d  by 

a b a r  h i s togram)  was o f f e r e d  14c02 f o r  1 hour ,  t h e n  l e f t  i n  

a i r  f o r  2 ,  6 ,  24 o r  48 hours  f rom t h e  b e g i n n i n g  of f e e d i n g .  
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d e c r e a s e  f rom 24 t o  48 hours  i n  September ( F i g .  1.4C) b u t  t h e r e  was no 

s i g n i f i c a n t  d e c r e a s e  between 2 and 6 hours  a t  any p e r i o d  i n  t b e  sea.son. 
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I 

DISCUSSION 

To fo l low seasonal  v a r i a t i o n s  t r e e s  must be s i m i l a r  i n  s i z e  and age 

and they should be sub jec t ed  t o  seasonal  environmental changes. These 

c r i t e r i a  were met by s e l e c t i n g  branches similar i n  s i z e  and p o s i t i o n  on 

t h e * t r e e  a t  the  beginning of the  season. U n t i l  t he  day before  f eed ing  

and except  f o r  p o t t i n g  the  t r e e s  were kept  o u t  of doors under normal 

seasonal  environmental condi t ions .  

The l a r g e r  amounts of 14c measured by the  ge iger  tube i n  May- June and 

September f eed ings  compared t o  J u l y  feedings  i s  Open t o  s e v e r a l  i n t e r p r e t a -  

t i 0 n s .  An increased  amount of 14c measured by the  ge iger  tube could 

i n d i c a t e  an  increased  amount of 14c accumulation, not  an  increased  amount 

of 14c w i n g  p a s t  i t  dur ing  t r ans loca t ion .  Also an increased  amount of 

14c measured by the  ge ige r  tube could i n d i c a t e  a n  increased  photosynthe t ic  

a s s i m i l a t i o n  of 14c and more 14c-organic compounds t o  t r a n s l o c a t e  not  j u s t  

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

Seasonal f l u c t u a t i o n  i n  photosynthe t ic  a c t i v i t y  does n o t  seem t o  

e x p l a i n  the  d i f f e r e n c e s  i n  t r a n s l o c a t i o n  measured wi th  the  ge iger  tube. 

Since s i m i l a r  amounts of 14c were found i n  the f e d  branch a f t e r  2 and 6 

hours from time of f eed ing  (Table 1 .2 ) ,  photosynthe t ic  a s s i m i l a t i o n  of 

14 
C i n  May-June was not  much g r e a t e r  compared t o  J u l y  and September. Thus 

more 1 4 ~  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  May-June does not  e x p l a i n  the 

g r e a t e r  arnount of 14c i n  the r eg ion  over t he  ge iger  tube a f t e r  2 and 6 

hours i n  May-June a s  compared t o  the  Same l eng th  of time i n  Ju ly  o r  
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more q u i c k l y  i n  May-June b u t  t h e  exCess 14c a s s i m i l a t e d  i s  c o m p l e t e l y  

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

t r a n s l o c a t i o n .  However p r e v i o u s  s t u d i e s  of  t h e  whole t r e e  i n d i c a t e  t h a t  

over  90% of t h e  e t h a n o l - s o l u b l e  14c i s  i n  t h e  f e d  r e g i o n  o r  t h e  r e g i o n  

n e x t  t o  t h e  f e d  r e g i o n  even  a f t e r  48 hours  (Appendix 2 ) .  I n  t h e  b ranch  

s t u d i e s  , e  t h a n o l -  s o l u b l e  14c c l o s e l y  p a r a l l e l s  e t h a n o l -  i n s o l u b l e  14C in 

d i s t r i b u t i o n  a l tho i igh  t h e r e  i c  always more e t h a n o l - s o l u b l e  14c t h a n  

e t h a n o l - i n s o l u b l e  14c (F ig .  1 . 4 ) .  Thus o n l y  a s m a l l  amount ( l e s s  t h a n  10%) 

of t h e  14c s h o u l d  occur  o u t s i d e  t h e  f e d  b ranch  i n  t h e  p r e s e n t  s t u d i e s .  T h i s  

i s  n o t  enough 14c f o r  a  g r e a t e r  r a t e  of p l i o t o s y n t h e s i s  t o  e x p l a i n  the  

i n c r e a s e d  t r a n s l o c a t i o n  r a t e  i n  May-June. I n  w h i t e  p i n e  a t  t h e  end of 8  

hours  of peak t r a n s l o c a t i o n  f o l l o w i n g  1 hour when t h e  e n t i r e  s h o o t  was 

14  o f f e r e d  14c02,  no rnore t h a n  26% of t h e  t o t a l  C was e x p o r t e d  t- t h e  r o o t  ( 7 ) .  

Even i f  26% of t h e  14c was t r a n s l o c a t e d  f rom t h e  g rand  f i r  b ranch  i n  t h e  

May-June f e e d i n g s  t h i s  i s  n o t  enough i n c r e a s e  i n  a s s i m i l a t i o n  t o  a c c o u n t  

f o r  t h e  i ~ i c r e a s e d  t r a n s l o c a t i o n  i n  May- June (F ig .  1 . 2 ) .  

The g e i g e r  tube  ineasures t h e  t o t a l  amount of 14c i n  t h e  b ranch  b u t  

does  n o t  d i s t i n g u i s h  between 14c t h a t  i s  moving and t h e  14c t h a t  i s  

accurnulated i n  t h e  braiich.  Accumulation of liiC could  occur  s o  deep i n  

t h e  b ranch  t h a t  t h e  remainder  of t h e  b r a n c h  s h i e l d e d  i t  f rom t h e  g e i g e r  

tube .  Since  t r a n s l o c a t i o n  of 14c-organ ic  compounds o c c u r s  i n  t h e  phloem 

( rev icws  by K ~ r s a n o v  (G), Thalne (16) ,  WarLlaw ( I  9), Zimner~?ann ( 2 1 ) )  i n  

t h e  b a r k  of c o n i f e r s  ( 3 , 1 5 )  i t  i s  u n l j k e l y  t r a i i s l o c a t i n g  14c i s  s h i e l d e d  

c o m p l e t e l y  f rom t h e  g e i g e r  tube .  The amount of t r a n s l o c a t i n g  14c i n  f r o n t  

of t h e  g e i g e r  tube  a t  any one t ime depends on t h e  v e l o c i t y  and magnitiide 
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, 

of t r a n s l o c a t i o n .  Onre 14c i s  accumu?ated i n  t h e  r e g i o n  t o  which t h e  

g e i g e r  tube  i s  s e n s i t i v e  i t  c o n t i n u e s  t o  be r e c o r d e d  by t h e  g e i g e r  tube .  

Thus w h i l e  a  l a r g e  p r o p o r t i o n  of t h e  14c r e c o r d e d  by t h e  g e i g e r  tube  may 

be  accumulated 14c, i t  i s  more l i k e l y  t h a t  t h e  r e c o r d  a t  any one t ime i s  

a composi te  of t h e  two v e c t o r s .  For  example i n  F i g .  1 . 2 ,  t h e  May-June 

r e c o r d s  p r o b a b l y  i n d i c a t e  inoving 14c d u r i n g  t h e  f i r s t  2  hours  b u t  a f t e r  

t h i s  t ime t h e  r e a d i n g  r e p r e s e n t s  accumulated 14c. I n  t h e  September 

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

48  h o u r s ,  which i s  a  c l e a r  i n d i c a t i o n  t h a t  e x p o r t  i n t o  t h i s  r e g i o n  of t h e  

s t em was s t i l l  go ing  On. 

The e i f i c i e n c y  of  t h e  g e i g e r  tube  t o  measure 14c i n  t h e  b ranch  i s  

low f o r  a v a r i e t y  of  r e a s o n c :  t h e  t h i c k n e s s  of t h e  b r a n c h  s l i i e l d s  t h e  14c 

from t h e  g e i g e r  t u b e ,  t h e  g e i g e r  tube  measures  14c on o n l y  t h e  bo t tom s i d e  

of t h e  b r a n c h ,  t h e  b ranch  cov-ed o n l y  a  s m a l l  a r e a  a c r o s s  t h e  middle  of 

t h e  g e i g e r  tube  and t h e  b r a n c h  i s  a  e y l i n d e r  w i t h  o n l y  a  s m a l l  amount of 

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

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

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

Fo l lowing  t r a n s l o c a t i o n  p a t t e r n s  w i t h  a  g e i g e r  tube  i n v o l v e s  o n l y  a  

miniinum amount of equipment and t h i s  t e c h n i q u e  c o u l d  e a s i l y  be adap ted  t o  

f i e l d  s t u d i e s .  It would y i e l d  a s  nlilch p r a c t i c a l  i n f o r m a t i o n  on t h e  

p h y s i o l o g y  of p l a n t s  i n  f i c l d  c o n d i t i o n s  a s  more s o p h i s t i c a t e d  equipment.  

One p r a c t i c a l  a p p l i c a t i o n  would bc  a  f i e l d  s t u d y  a t  d i f f e r e n t  s e a s o n s  of 

t h e  y e a r  of t h e  t r a n s l o c a t i o n  of s y s t e m i c  i n s e c t i c i d e s  l a b e l l e d  wi fh  

r a d i o a c t i v e  i s o t o p e s .  
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L i t t l e  i s  known about the con t ro l  mechanism governing t r a n s l o c a t i o n  

i n  p l an t s .  Biochemical r e g u l a t i o n  of t r a n s l o c a t i o n  might be ind ica t ed  by 

the  a v a i l a b i l i t y  of products  of photosynthesis  a t  the  source and the use  of 

these  products  a t  t h e  s ink ,  coupled wi th  seasonal  changes i n  t r a n s l o c a t i o n  

pa t t e rns .  Any informat ion  r e l a t e d  t o  the c o n t r o l  mechanism of t r a n s l o c a t i o n  

might then  be used i n  i nc reas ing  the e f f e c t i v e n e s s  of a  systemic i n s e c t i c i d e .  

Various organic  phosphorous and f l u o r i n e  compounds wi th  i n s e c t i c i d e  

p r o p e r t i e s  a r e  absorbed and t r ans loca t ed  i n  f o r e s t  t r e e s  (10). 

Trans loca t ion  of these  systemic i n s e c t i c i d e s  may be c l o s e l y  r e l a t e d  and 

c o n t r o l l e d  i n  a  s i m i l a r  manner t o  t r a n s l o c a t i o n  of food m a t e r i a l  i n  the 

t r e e .  Schradan l a b e l l e d  wi th  3 2 ~  was found mainly conf ined t o  the phloem 

t i s s u e  i n  the  Tower stem a f t e r  a p p l i c a t i o n  t o  the te rmina l  bud of grand 

f i r  (9). T rans loca t ion  of the  herb ic ide  2,4-dichlorophenoxyacetic a c i d ,  

a l s o  a n  organic  compound, was i n i t i a t e d  by the presence of sucrose ,  the 

compound t r a n s l o c a t e d  i n  kidney beans (3,5). Since the d i s t i n c t i o n  

be tween he rb i c ide  and i n s e c t i c i d e  i s  mainly f u n c t i o n a l ,  t r a n s p o r t  of 

systemic i n s e c t i c i d e s  could well  resemble t r a n s p o r t  of systemic he rb i c ides .  

When the  systemic i n s e c t i c i d e s ,  sys tox  and metasystox were sprayed 

on the  f o l i a g e  of balsam f  ir i n  the s p r i n g  they  were found e f f e c t i v e  

a g a i n s t  balsam woolly aphid (Wachtendorf (17.) a s  r epo r t ed  by Rudinsky (10)).  

Spring e f f e c t i v e n e s s  of the  i n s e c t i c i d e  could correspond t o  increased  

f eed ing  of t he  a d u l t  woolly aphid on the t r a n s l o c a t i o n  s t ream (10) o r  t o  

increased  t r a n s l o c a t i o n  of the i n s e c t i c i d e  i n  t he  s p r i n g  (Chap. 1 )  o r  a  
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combinat ion oF b o t h  t h e s e  f a c t o r s .  '1i s e a s o n a l  v a r i a t i o n  i n  t r a n s l o c a t i o n  

i s  r e s p o n s i b l e  f o r  t h c  e f f e c t L v e n c s s  of i n s e c t i c i d e s  i t  becomes v e r y  

impor tan t  f  c r  t h e  p roper  u s e  of s y s t e a i c  i n s e c t i c i d e s  t o  u n d e r s t a n d  t he 

inechanisrns whicli c o n t r o l  t r a n s l o c a t i o n .  The p r e s e n t  s t u d y  on grand f  ir 

was made t o  de tc rmine  i f  t h e  p r o d u c t s  of p h o t o s y n t h e s i s  i n  t h e  n e e d l e s  of 

t h e  f e d  r e g i o n  ( s o u r c e )  o r  t h e  compounds accumulated i n  t h e  s tem ( s i n k )  

were r e l a t e d  t o  s e a s o n a l  changes i n  amounts o i  I4c t r a n s l o c a t e d .  
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. The e thanol -so luble  

Chapter 1 were aepara ted  

e x t r a c t s  of the  grand f i r  branches descr ibed  i n  

i n t o  ind iv idua l  compounds. E x t r a c t s  were analyzed 

from the  needles  of the  f e d  r eg ion  and the stem j u s t  ou t s ide  the f e d  reg ion ,  

taken dur ing  the  two peak times f o r  t r a n s l o c a t i o n  i n  May-June and September, 

and dur ing  the  low t r a n s l o c a t i o n  per iod  i n  June.  

These e x t r a c t s  were sepa ra t ed  i n t o  sugars ,  amino ac ids  and organic  

a c i d s  u s ing  r e s i n  column chromatography - Rexyn 101 (H) and 201 (OH) (11). 

Al iquots  of the  suga r s ,  amino a c i d s  and organic  ac ids  were assayed f o r  14c 

i n  t h e  l i q u i d  s c i n t i l l a t i o n  spectrometer  (Packard S e r i e s  3000) u s ing  a  

dioxane-based s c i n t i l l a t i o n  s o l u t i o n .  The sugars ,  amino ac ids  and organic  

a c i d s  were f u r t h e r  s epa ra t ed  i n t o  ind iv idua l  compounds by two dimensional 

paper chromatography (11).  Ind iv idua l  s p o t s  were iden. t i f  i ed  on the  paper 

chromatogram us ing  autoradiography and a n i l i n e - p h t h a l a t e ,  ninhydrin and 

s i l v e r  n i t r a t e  Sprays f o r  t he  sugars ,  amino a c i d s  and organic  a c i d s  

r e s p e c t i v e l y .  The amount of 14c i n  each s p o t  was determined wi th  a  

me thane-flow, window, Geiger-Mueller,  de t e c t o r  tube (Nuclear Chicago 

Model 470). 
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Seasonal changes occurred i n  the d i s t r i b u t i o n  of 14c i n  the  amino 

a c i d s  and o rgan ic  a c i d s  i n  the e thanol -so luble  e x t r a c t  of t he  f e d  

needles  ( ~ i g .  2.1). I n  May-June f eed ings ,  14c i n  the e thanol -so luble  

compounds was s p l i t  almost evenly between the  sugars  and the  organic  a c i d s  

w i th  l e s s  t han  2% i n  the  amino ac ids .  I n  J u l y  and September f eed ings  

over  90% of t h e  14c i n  t h e  e thanol -so luble  compounds was found i n  the 

suga r s  w i t h  s m a l l  amounts i n  the organic  a c i d s  and amino ac ids .  There 

was l e s s  l 4 c  i n  t h e  e thano l - so lub le  compounds a f t e r  24 and 48 hours a s  

compared t o  a f t e r  2  and 6 hours i n  the  September feedings .  I n  J u l y  

f eed ings  t h e r e  w a s  l e s s  14c i n  the  e thanol -so luble  compounds a f t e r  6 hours 

as compared t o  a f t e r  2  hours .  I n  May-June feedings  the  amount of 14c 

i n  t h e  e t h a n o l - s o l u b l e  compounds d i d  no t  decrease between 2  and 6 hours. 

I n  the  s tem o u t s i d e  t h e  f e d  reg ion  ( a t  a l l  times dur ing  the  season) 

over  90% of t h e  14c i n  t h e  e thano l - so lub le  f r a c t i o n  was found i n  Sugar (Fig. 2.2) .  

Less  t h a n  2% of t h e  14c appears  i n  t h e  amino a c i d s  and l e s s  than  10% i n  

the  o r g a n i c  a c i d s .  A t  no time dur ing  the season d id  the  percentage 

d i s t r i b u t i o n  of 14c among t h e  e thano l - so lub le  compounds of the  stem show 

a s i g n i f i c a n t  Change w i t h  time. Seasonal d i f f e r e n c e s  i n  the amount of 14c 

i n  e t h a n o l - s o l u b l e  cornpounds of t he  stem f i t  seasonal  changes i n  

t r a n s l o c a t i o n  (F ig .  1.3C). 

A n a l y s i s  of s u g a r s  i n  t h e  e thano l - so lub le  cornpounds of the f e d  

n e e d l e s  (Fig.  2 .3)  i n d i c a t e d  t h a t  sucrose  con ta ins  most of the  14c i n  the 

s u g a r s  d u r i n g  t h e  season .  Only 50% of the 14c i n  the sugars  was i n  sucrose 
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F i w  2 .1  D i s t r i b u t i o n  of 14c among Sugars ,  amino a c i d s  and o r g a n i c  a c i d s  -- - 

of t h e  e t h a n o l - s o l u b l e  compounds of t h e  f e d  n e e d l e s .  Ench 

t r e e  ( r e p r e s e n t e d  by a b a r  h i s iogram)  was o f f e r e d  14c02 f o r  

1 hour ,  t h e n  l e f  t i n  a i r  f o r  2 ,  6 ,  24 o r  48 hours  f  rom t h e  

b e g i n n i n g  of f eed ing .  
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a c i d s  of t h e  e t h a n o l - s o l u b l e  compounds of t h e  s t em o u t s i d e  

t h e  f e d  r e g i o n .  Each t r e e  ( r e p r e s e n t e d  by a b a r  hi-stogram) 

was o f f e r e d  1 4 0 2  f o r  1 hour ,  theii  l e f t  i n  a i r  f o r  2 ,  6 ,  24 

or  48 h o u r s  f rom t h e  b e g i n n i n g  of f e e d i n g .  
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F i p r e  - 2 . 3  P e r c e n t a g e  of 14c d i s t r i b u t e d  among t h e  s u g a r s  of t h e  t e d  

n e e d l e s .  Each t r e e  ( r e p r e s e n t e d  by a b a r  h i s t o g r a m )  was 

o f f e r e d  14c02 f o r  1 hour ,  t h e n  l e f  t i n  a i r  f o r  2 ,  6 ,  24 

o r  48  hours  f rom t h e  b e g i n n i n g  of f e e d i n g .  
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I 

i n  May-June feecl ings  compared t o  between 8 0  t o  90% i n  J ~ l y  f e e ,  

70 t o  80% i n  September f e e d i n g s .  Most of t h e  remain ing  14c i n  

d ings  and 

t h e  sugar  

f r a c t i o n  was s p l i t  between g lucose  and f r u c t o s e .  A  h i g h e r  amount of 14C 

was found i n  g l u c o s e  t h a n  i n  f r u c t o s e  i n  May-June f e e d i n g s .  Small amounts 

of 14c (a lways  l e s s  t h a n  10% of t h e  s u g a r  f r a c t i o n )  were found i n  

u n i d e n t i f i e d  s u g a r s  and a t  t h e  o r i g i n  of t h e  chromatogram. During 

May-June, J u l y  and September f e e d i n g s  t h e r e  was l i t t l e  change i n  the  

d i s t r i b u t i o n  of  14c i n  t h e  s u g a r s  w i t h  t ime .  

A n a l y s i b - o f  t h e  o r g a n i c  a c i d s  i n d i c a t e d  t h a t  i n  May-June f e e d i n g s  

q u i n i c  a c i d  c o n t a i n e d  abou t  80% of t h e  14c i n  t h e  o r g a n i c  a c i d s  a f t e r  

2 h o u r s  and f rom 4 5  t o  65% a f t e r  6 hours  ( F i g .  2 . 4 ) .  About 40% of t h e  14c  

i n  t h e  o r g a n i c  a c i d s  was found i n  q u i n i c  a c i d  i n  J u l y  and September f e e d i n g s .  

Shikirnic a c i d  and s u c c i n i c  a c i d  a l s o  c o n t a i n e d  a  l a r g e  p e r c e n t a g e  of 

t h e  14c i n  t h e  o r g a n i c  a c j d s .  I n  r e d  p i n e  a  l n r g e  amount of t h e  

e t h a n o l - s o l u b l e  14c was a l s o  found i n  q u i n i c  a c i d  and sh ik i rn ic  a c i d s ,  

6 days  f o l l o w i n g  a  f e e d i n g  w i t h  14c02 (8). M t e r  6 days no l a r g e  amount 

of s u c c i n i c  a c i d  was found i n  r e d  p i n e .  I n  grand f i r ,  between 10% and 20% 

of t h e  14c i n  t h e  o r g a n i c  a c i d s  was s p l i t  betiueen numerous u n i d e i i t i f  i e d  

o r g a n i c  a c i d s  and t h e  o r i g i n  of tlie chromatogram e x c e p t  i n  September 

f e e d i n g s  a f t e r  48 h o u r s  when 30% t o  35% was found i n  t h e s e  compounds. A t  

a l l  s e a s o n s  t h c  nrinber of o r g x n j c  a c i d s  c o ~ t a i n i n g  srnall  amounts of 14c 

i n c r e a s c d  w i t h  t ime .  

Glutamic a c i d  c o n t a i n e d  more 14c thnn  any o t h e r  arnino a c i d  i n  t h e  

e t h a n o l - s o l u b l e  e x t r a c t  f rom t h e  n e e d l e s  of t h c  f c d  a r e a ,  hav ing  

a p p r o x i i u a t ~ l y  30% of tlie 14c i n  t h c  May-June f c e d i n g s ,  over  90% i n  t h r  
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F i g u r e  2 . 4  P e r c e n t a g e  of 14c d i s t r i b u t e d  among t h e  o r g a n i c  a c i d s  of t h e  

f e d  n e e d l e s .  Each t r e e  ( r e p r c s e n t e d  by a b a r  h i s t o g r a m )  was 

o f f e r e d  14c02 f o r  1 hour ,  t h e n  l e f t  i n  a i r  f o r  2 ,  6 ,  2 4  o r  

48 hours  f rom t h e  b e g i n n i n g  of f e e d i n g .  
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J u l y  f e e d i n g s  and between 10% t o  50%' i n  t h e  September f e e d i n g s  (F ig .  2 . 5 ) .  

B e t r e e n  20% and 40% of t h e  14c i n  t h e  amino a c i d s  was iound  i n  a s p a r t i c  

a c i d  i n  t h e  May-June f e e d i n g s .  I n  t h e  September feed i i lgs  t h e  p e r c e n t a g e  

of 14c i n  a s p a r t i c  a c i d  d e c r e a s e d  i rom 20% t o  40% a t  2  and 6 hours  t o  l e s s  

t h a n  10% a t  24 and 48  hours .  Change i n  p e r c e n t a g e  of 14c a l s o  i n d i c a t e s  

a change i n  amount of  14c i n  a n  amino a c i d  s i n c e  t h e r e  i s  no s i g n i f i c a n t  

d i r f e r e n c e  i n  t h e  amount of 14c found i n  t h e  amino a c i d  f r a c t i o n  a t  

d i f f e r e n t  p e r i o d s  i n  t h e  s e a s o n  o r  a t  d i f f e r e n t  t imes  from t h e  b e g i n n i n g  

of f e e d i n g  (F ig .  2 .1 ) .  I n  J u l y  f e e d i n g s  a l l  t h e  14c was found i n  g lutarnjc  

a c i d  e x c e p t  f o r  a  smal l  amount a t  the  o r i g i n  of t h e  chromatogram. I n  

May-Jiine f e e d i n g s  t h e  amount oC 14c in a s p a r t - i c  a c i d  d e c r e a s e d  from over  

30% a f t e r  2  hours  t o  between 20% t o  30% a l t e r  6 hours .  I n  September 

f e e d i n g s  t h e r r  was a  d e c r e a s e  wi t t i  t ime  i n  t h e  amounC of 14c i n  a s p a r t i c  

a c i d  a f t e r  24 h o u r s  r a t h e r  t h a n  a f t e r  6 bours  a s  i n  t h e  May-June f e e d i n g s .  

I n  May-June and S e p t e d l e r  f e ~ d i n g s  t h e  amount of 14c i n  s s p a r a g i n e  was 

abou t  10% o r  l e s s  of t h c  t o t a l  1 4 C  i n  Llie amino a c i d s .  I n  t h e s e  f e e d i n g s  

t h e  amount of I4c i n  g l y c i n e  was a l s o  abou t  10%. A f t e r  2  hours  i n  llay-June 

and September f e e d i n g s  abou t  10% 05 t h e  I 4 C  i n  t h e  amjno a c i d s  was found 

i n  s e r i n e .  A f t e r  6 hours  i n  May-June and a i t e r  24 hours  i n  September t h e  

p e r c e n t a g e  of 14c i n  s c r i n e  had f a l l e n  t o  aboiit 1%. No 1 4 C  was found i n  

s e r i n e  a f t e r  48 hours  i n  September. I n  May-June f e e d i n g s  no 14c was found 

i n  l c u c i n e  a f t c r  2  hours  b u t  1 4 C  i n  l e u c i n e  i n c r e a s e d  t o  15% t o  20% of t h e  

amino a c i d  14c a f i e r  6 hours .  S i m i l a r l y  i n  September f e e d i n g s  no 14c was 

foiind i n  l e u c i n e  a f t e i '  2  hours  and 6 houi-s b u t  l e u c i i ~ e  c o n t a i n e d  between 

307, and 5 0 b f  t h e  14c a f t e r  24 hours  •’011 owed by a i ' educ t ion  t o  10% and 
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j e  Percen tage  of 14c d i s t r i b u t e d  among t h e  aiiiino a c i d s  of t h e  

f e d  n e e d l e s .  Each t r e e  ( r e p r e s e n t e d  by a  b a r  h i s togram)  

was o f f e r e d  14c02 f o r  1 hour ,  t h e n  l e f t  i n  a i r  f o r  2 ,  6 ,  

24 o r  48 hours  f rom t h e  beg inn ing  of f e e d i n g .  
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20% a f t e r  48 hours.  Af t e r  2  and 6 hdurs i n  May-June, J u l y  and September 

f eed ings  l e s s  t han  15% of t he  14c i n  the  amino a c i d  f r a c t i o n  was found 

a t  the  o r i g i n  of the  chromatogram o r  i n  numerous un iden t i f  i e d  amino a c i d s .  

Af t e r  24 and 48 hours between 15% and 30% of t he  14c i n  amino a c i d s  was 

found a t  the  o r i g i n  of t he  chromatogram and i n  u n i d e n t i f i e d  amino ac ids .  

Sugars of the  e thanol -so luble  f r a c t i o n  of the  stem contained enough 

l4e t o  sepa ra t e  i n t o  ind iv idua l  compounds by paper chromatography. Over 

90% of the  14c was found i n  sucrose and the  r e s t  of the  14c was s p l i t  

between glucose and f r u c t o s e  (Fig. 2 .6) .  D i s t r i b u t i o n  of 14c be tween 

glucose and f r u c t o s e  f o r  i nd iv idua l  t r e e s  showed a s i m i l a r  p a t t e r n  

i-e. when the  percentage of 14c i n  glucose was h i g h ,  the percentage of l 4 C  i n  

f r u c t o s e  was a l s o  high.  I n  J u l y  and September feedings  the d i s t r f b u t i o n  

of 14c between the  Sugars of the f e d  a r e a  (Fig. 2.3) was the  Same a s  the  

d i s t r i b u t i o n  i n  the  stem (Fig.  2.6). This was no t  t r u e  i n  May-June, About 

50% of the  14c i n  the  sugar  f r a c t i o n  of the  needles  of the  f e d  a r e a  was 

i n  sucrose and i n  t he  stem over 90% of t h i s  14c was i n  sucrose.  
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F i y r e  2 . 6  P e r c e n t a g e  of 14c d i s t r i b u t e d  among t h e  s u g a r s  of t h e  s tem 

o u t s i d e  t h e  f e d  r e g i o n .  Each t r e e  ( r e p r e s e n t e d  by  a  bar  

h i s t o g r a m )  was o f f e r c d  14c02 f o r  1 h o u r ,  t h e n  l e f t  i n  a i r  

f o r  2 ,  6 ,  24 o r  48 hours  f rom t h e  b e g i n n i n g  of f e e d i n g .  
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I 

DISCUSSION 

Differentes between 14c compounds found i n  t h e  f e d  n e e d l e s  and t h o s e  

found i n  t h e  Stern c o r r e l a t e  t h e  d i f f e r e n c e s  between a s s i m i l a t e d  compounds 

which may o r  may n o t  be 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  a s  compared w i t h  t h e  

compounds t h a t  a r e  t r a n s l o c a t e d .  The compounds i n  t h e  s tem r e p r e s e n t  

accumula t ion  i n  t h e  s tem of t r a n s l o c a t e d  compounds ancl any p o s s i b l e  

compounds d e r i v e d  f rom t r a n s l o c a t e d  conipounds. I n  a l l  p l a n t s  i n  which 

14 
CO2 has  been  u s e d  t o  l a b e 1  t h e  p h o t o s y n t h e t i c a l l y  a s s i m i l a t e d  o r g a n i c  

compounds, 14c i s  found i n  tlie s u g a r s ,  amino a c i d s  and o r g a n i c  a c i d s ,  

components of t h e  e  t h a n o l -  s o l u b l e  and e  t h a n o l -  i n s o l u b l e  compounds. I n  

herbaceous  p l a n t s  tlie 14c i n  t h e  e t h a n o l -  i n s o l u b l e  compounds i s  f ound i n  

c e l l u l o s e  , h e m i c e l l u l o s e  and s t a r c h  (G). C e l l u l o s e ,  hen i ice l lu lose  and 

s t a r c h  a r e  a l s o  found i n  t r e e s  as w e l l  a s  a r o m a t i c  compounds such  a s  

l i g n i n ,  coumarins ,  f lavei io ids  , a r o m a t i c  a l k a l o i d s  and t a n n i n s  (2 ,13 ,14) .  

I n  t r e e s  l i g n i n  c o n t a i i i s  14c a f t e r  f e e d i n g  w i t h  s e l e c t e d  p r e c u r s o r s  such 

a s  14~-shi lc i in ic  a c i d  ( 7 ) )  1 4 ~ - n a i i n i t o l  (16) and ' ' ' ~ 0 ~  (1). Quinic  a c i d  

and s h i b i m i c  a c i d  c o n t a i n  over  60% of t h e  14c i n  tlie o r g a n i c  a c i d s  i n  

balsam f i r  (F ig .  2.14). These o r g a n i c  a c i d s  a r e  on t h e  pathway towards 

l i g n i n  (7 ) .  Unless  t b e  p o l y s a c c h a r i d e s  and l i g n i n  a r e  b roken  down t o  t h e i r  . 

components t h e y  a r e  u n 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 .  O n l y  a  few o r g a n i c  
1 
k 

compounds a r e  kliown t o  t r a n s l o c a t e  (4 ,15,18,19)  t h u s  many e t h a n o l - s o l u b l e  . 

compounds a r e  a l s o  u n 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 .  

Since. over  90% of t.he e t h a n o l - s o l u b l e  1 4 C  i n  t h c  stem was always 

found i n  s u g a r s  ( F i g .  2 .2 )  t r a n s l o c a t e d  compounds i n  grand f i r  a r e  most 
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l i k e l y  sugars .  The t r ans loca t ed  s u g a r ' i s  most l i k e l y  sucrose s ince  90% of 

t h e  14c i n  sugar  i n  the  stem was i n  sucrose  (Fig. 2.6).  Equal percentages  

of glucose and f r u c t o s e  i n  the  stem (Fig. 2.6) suggest  the  hexoses a r i s e  

from hydro lys i s  of t r a n s l o c a t e d  sucrose.  Many o the r  p l a n t s  a l s o  t r ans -  

l o c a t e  sucrose (4,15,18,19).  

D i s t r i b u t i o n  of 14c i n  the  organic  compounds found i n  f e d  &ed le s  i n  

barsam f i r  (Fig. 2.1) i s  s i m i l a r  t o  the  d i s t r i b u t i o n  found i n  the o l d  shoo t s  

of white  p ine  (11). However, no d i f f e r e n c e  i n  t he  d i s t r i b u t i o n  of 14c 

between organic  a c i d s  and sugars  was noted f o r  white  p ine  dur ing  the  peak 

pe r iod  of t r a n s l o c a t i o n  but  young shoots  of white pine were not  included 

i n  t he  e thano l - so lub le  e x t r a c t .  The decrease of 14c i n  sugar  and inc rease  

i n  organic  a c i d s  (Fig.  2.1) i n  balsam f i r  occurred i n  young needles .  

D i s t r i b u t i o n  of 14c among sucrose ,  glucose and f r u c t o s e  i s  s i rn i la r  f o r  

e x t r a c t s  from o l d  shoots  of white  pine (11) and i n  J u l y  and September 

f eed ings  f o r  t he  c u r r e n t  y e a r ' s  needles  of balsam f  ir (Fig.  2 . 3 ) .  

During May-June the  period of r a p i d  t r a n s l o c a t i o n  i n  b a l s a m . f i r ,  

t h e  amount of 14c i n - s u g a r s  was lower and the  amount of 14c i n  organic  a c i d s  

was h igher  than  du r ing  the  per iods  of slower t r a n s l o c a t i o n .  Less sugar  

and more organic  a c i d s  i n  t he  f e d  needles  could r e s u l t  from: (a )  increased  

t r a n s l o c a t i o n  of sucrose  (b) more sugars  converted t o  s t r u c t u r a l  

po lysacchar ides  (14) o r  (C)  a d i f f e r e n t  p a t t e r n  of 14c a s s i m i l a t i o n  i n  the 

spr ing .  

About 6% of the  14c i n  the  branch was found ou t s ide  the f e d  r e g i o n  i n  

t he  May-June f eed ings  (Fig. 1.3, Chapt. 1 ) .  Only a  small  amount of 14c 

was found i n  the  e thano l - so lub le  organic  compounds ou t s ide  the  f e d  branch 
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(Appendix 2). I n  May-June feedings  t r a n s l o c a t i o n  f rom the  f e d  r eg ion  was 

probably no more than  10% of ehe 14c a s s i m i l a t e d  i n  the  f e d  reg ion .  Thus 

t r a n s l o c a t i o n  of sucrose  can account f o r  on ly  a small  amount of the decreace 

. i n  sucrose  found i n  May-June feedings .  

Conversion of sugar  t o  s t r u c t u r a l  po lysacchar ides  might e x p l a i n  the  

lower amount of 14c i n  the  e thanol -so luble  sugars  i n  May-June feedings .  

I n  i h e  s p r i n g  the  amount of 14c i n  the  e thanol - inso luble  cpmpounds increased 

frorn 2% of t he  t o t a l  14c i n  the  f e d  a r e a  t o  about  30% a f t e r  6 hours 

(Fig. 1.4,  Chap. 1 ) .  Since the d i s t r i b u t i o n  of 14c between sugars  and 

organic  a c i d s  was s i m i l a r  a t  both 2 hours and 6 hours the  conversion of 

e thanol -so luble  t o  e thanol - inso luble  compounds should have occurred before  

2 hours i f  i t  were t o  account f o r  the  g r e a t e r  amount of 14c found i n  organic  

a c i d s  and the  smal le r  amount of 14c f ound i n  sugars  a f  t e r  2 hours i n  t he  

May-June feedings .  Af t e r  6 hours the  conversion of 30% of t he  e thano l - so lub le  

t o  e thano l - in so lub le  compounds might p a r t i a l l y  account f o r  t he  lower amount 

of 14c found i n  the  suga r s  bu t  would no t  account f o r  the  increased  amount 

of 14c found i n  organic  ac ids .  Af te r  48 hours i n  September, 30% of the  

e thano l - so lub le  compounds were converted t o  e thano l - in so lub le  compounds. 

However a t  t h i s  time t h e r e  was no increase  i n  percentage of 14c-organic 

ac ids .  Thus conversion of sugars  t o  polysaccharides does no t  completely 

e x p l a i n  the  lower amount of 14c i n  sugars  and increased  amount of 14c i n  

the organic  ac ids  f  ound i n  the May-June feedings .  

Since n e i t h e r  increased  t r a n s l o c a t i o n  of sucrose nor increased  conversion 

of "free" sugar  groups t o  polysaccharides can completely account f o r  t he  
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t h e r e  appears  t o  be a  d i s t i n c t l y  d i f f e f e n t  p a t t e r n  of a s s i m i l a t i o n  of carbon 

i n t o  organic  compounds i n  the  spr ing .  This p a t t e r n  is  cha rac t e r i zed  by a 

g r e a t e r  product ion  of organic  ac ids  composed inainly of qu in i c  and sh ik imic  

ac ids .  Rangnekar and Forward (8) showed t h a t  s i x  days fo l lowing  a  f eed ing  of 

14 
CO2 t o  the  shoot ,  q u i n i c  and shikimic a c i d s  con ta in  23% of the t o t a l  14C 

found i n  the  organic  compounds of the bud of a  r e d  pine seedl ing .  They 

be l i eve  t h a t  i n  the bud of the r e d  p ine ,  q u i n i c  and shikimic ac ids  a r e  

formed from sucrose  and a r e  des igna ted  f o r  the  s y n t h e s i s  of l i g n i n  i n  the  

growing shoot  apex. I n  the  s p r i n g  the shoot  of balsam f  ir i s  growing more 

r a p i d l y  than  l a t e r  i n  the season and the a s s i m i l a t i o n  of more 14c i n t o  q u i n i c  

and shikimic a c i d s  would provide more of the p recu r so r s  of l i g n i n  ( 7 )  which 

could be used f o r  c e l l  wa l l  formation. Whether qu in i c  and shikimic a c i d s  I 

a r e  formed from sucrose  o r  from another  precursor  could be determined 

wi th  f eed ings  of s h o r t e r  du ra t ion .  

A r e l a t i o n s h i p  between the  increased  t r a n s l o c a t i o n  i n  the s p r i n g  

and the increased  p ropor t ions  of organic  a c i d s  of the e thanol -so luble  

organic  compounds can be only  a  specu la t ion  on the b a s i s  of these  

experiments.  Rapid growth dur ing  the s p r i n g  could account f o r  a  g r e a t e r  

demand f o r  food m a t e r i a l  and thus g r e a t e r  t r a n s l o c a t i o n  of organic  compounds. 

More organic  a c i d s  f o r  product ion  of l i g n i n  f o r  c e l l  wa l l s  could a l s o  be a  

response t o  more r a p i d  growth. However . increased t r a n s l o c a t i o n  and the 

increased  p ropor t ion  of organic  ac ids  may be more c l o s e l y  r e l a t e d .  Perhaps 

the  l e v e l  of organic  a c i d s ,  promotes c e l l  wa l l  e longa t ion  and makes the c e l l s  

more permeable t o  organic  compounds. Thus more Sugars Irleak" out  of the  

c e l l s  t o  i nc rease  t r a n s l o c a t i o n .  Addit ion of organic  a c i d s  t o  a systemic 
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i n s e c t i c i d e  might promote the t r p n s l o c a t i o n  of the  i n s e c t i c i d e  m c h  a s  the  

- a d d i t i o n  of sucrose  proinoted the  t r a n s l o c a t i o n  of 2,4-dichlorophenoxyace t i c  

a c i d  i n  kidney beans (3,5). 

The sugars  a s s i m i l a t e d  i n  the f e d  needles  and accumulated i n  the stem 

from the  t r a n s l o c a t i o n  s t ream contained over 90% of the  14c i n  the  e thanol -  

so lub le  f r a c t i o n  except  i n  f e d  reg ion  i n  the May-June feedings  where 40% of 

the  14c was found i n  organic  ac ids .  I n  May-June the magnitude of t r a n s l o c a t i o n  

w a s  h i g h e s t ,  needles  were youngest and organic  a c i d  product ion  was h ighes t .  

I n  J u l y  and September t r a n s l o c a t i o n  was lower 'and needles  were -more mature. 

Since e x t r a c t i o n  occurred  a t  r e l a t i v e l y  long times from the  beginning of 

feeding ,  s h o r t  term changes i n  the  r e l a t i v e  d i s t r i b u t i o n  of 14c among the 

organic  compounds might have been l o s t .  These s h o r t  term changes i n  t he  

r e l a t i v e  d i s t r i b u t i o n  of 14c among the organic  compounds would i n d i c a t e  

changes i n  r a t e -  of me t a b o l i c  conversion be tween organic  compounds. 

Metabolism could c o n t r o l  t r a n s l o c a t i o n  by making more compounds 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 ,  conve r t ing  compounds 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  t o  ones 

t h a t  a r e  no t  t r a n s l o c a t e d  o r  by making more energy 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  (4) .  The d i f f e r e n t  amount of 14c d i s t r i b u t e d  between the 

sugars  and the  organic  a c i d s  i n  May-June compared t o  J u l y  and September 

feedings  may be s i g n i f i c a n t  i n  r e l a t i o n  t o  g r e a t e r  magnitude of t r ans loca -  

t i o n  i n  May-June. However i t  is  impossible t o  determine if these  changes 

r e s u l t  i n  g r e a t e r  t r a n s l o c a t i o n  o r  a r e  the r e s u l t  of g r e a t e r  t r a n s l o c a t i o n .  

Short  term feedings  could make t h i s  d i s t i n c t i o n  by demonstrat ing whether 

o r  no t  14c-sugars a r e  converted t o  14c-organic a c i d s  dur ing  the f i r s t  two 

hours a f  t e r  a s s i m i l a t i o n  i n  May- June f  eedings.  
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3  After  a  green l e a f  i s  placed i n  a i r  con ta in ing  t r i t i a t e d  water ( H20), 

' 3~ can be found i n  organic  compounds and i n  water w i t h i n  the  l e a f .  Some 

H bonds (0-H,N-H, S-H and Hal-H) r e a d i l y  exchange wi th  water o r  a l coho l s .  

Others  (C-H) a r e  s t a b l e  except  i n  the presence of s t r o n g  a c i d s ,  s t r o n g  

3 bases  o r  c a t a l y s t s  (14). Thus when H20 i s  f e d  t o  a  p l a n t , 3 ~  may be 

incorpora ted  by enzymatic reduct ion  r e a c t i o n s  i n t o  non-exchangeable 

p o s i t i o n s  and it may a l s o  be incorpora ted  by hydrogen-isotope exchange 

i n t o  exchangeable p o s i t i o n s  (8).  Since most organic  compounds con ta in  

some exchangeable hydrogens , phys i c a l  exchange of 3 ~ 2 ~  and organic  compounds 

3  could r e s u l t  i n  uniform H labe1  i n  the  e thanol -so luble  organic  compounds 

(14). The percentage of 3~ d i s t r i b u t e d  i n  the exchangeable 3~ of the  

o rgan ic  compounds i n d i c a t e s  t he  r e l a t i v e  amounts of t hese  organic  compounds 

i n  t he  e x t r a c t  b u t  no t  n e c e s s a r i l y  the  r e c e n t  formation of t hese  compounds 

i n  enzymatic r educ t ion  processes .  

Pho tosyn the t i c  a s s i m i l a t i o n  of 3 ~ 2 ~  and.14c02 has been compared i n  

Ch lo re l l a  (8) .  I n  t h e  l i g h t , t h ? e e  times a s  much 3~ is  incorpora ted  i n t o  

non-exchangeable p o s i t i o n s  a s  i n  the  dark i n  Ch lo re l l a  and the  percentages 

of non-exchangeable 3~ d i s t r i b u t e d  among organic  cornpounds i s  s i m i l a r  t o  

t h e  percentages  of 14c d i s t r i b u t e d  among organic  cornpounds (8) .  Choi and 

Aronoff found t h a t  i n  soybean more 3~ i s  incorpora ted  i n t o  organic  compounds 

dur ing  photosynthes is  t han  i n  t he  dark (4) b u t  exchangeable 3~ was not  

s epa ra t ed  from non-exchangeable 3~ s o  these  r e s u l t s  a r e  no t  cornpletely 

comparable t o  t he  Ch lo re l l a  r e s u l t s .  
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In t r a n s l o c a t i o n  experiments the  water f r a c t i o n  has been l a b e l l e d  

3  wi th  3 ~ 2 ~  ( l , 2 , 4 , l l ,  l 6 ) ,  the  organic  f r a c t i o n  wi th  H-organic compounds 

formed dur ing  photosynthes is  (1,4,7,16) and g l u c o s e - 6 - 3 ~  has been o f f e r e d  

. through a c u t  f l a p  technique (15). I n  t he  above experiments u s ing  

3 H-organic compounds formed during photosynthesis ,no d i s t i n c t i o n  was made 

between exchangeable 3~ and non-exchangeable 3~ i n  the  organic  compounds. 

~ i i c e  exchangeable 3~ i n  organic  compounds is i n  equ i l i b r ium wi th  3~ from 

water,  it is  no t  p o s s i b l e  t o  determine the  a c t u a l  amounts of organic  

compounds and water  t r a n s l o c a t e d  i n  these  experiments.  

In t h e  fo l lowing  work the  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  of 

non-exchangeable 3 ~ - o r g a n i c  compounds were compared wi th  the  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  of 14c-organic compounds i n  young soybeans wi th  the  hope 

3  t h a t  bo th  H- and 14c - l abe l l ed  products  of photosynthes is  can be used i n  

t r a n s l o c a t i o n  experiments.  
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MATE RIALS AND METHODS 

Soybeans, Glycine max L. var .  Comet, were grown i n  s o i l  i n  a 

greenhouse f o r  19  days. The p l a n t s  were watered d a i l y  and f e r t i l i z e d  

wi th  commercial f e r t i l i z e r  20:20:20. They rece ived  approximately fou r t een  

hours of d a y l i g h t .  Natura l  s u n l i g h t  was supplemented wi th  Grow-Lux 

f l u o r e s c e n t  l i g h t s .  A primary l e a f  on each p l a n t  was s imultaneously 

3  3  
, o f f e r e d  3.43 1 0 - ~  moles of H a s  H20 (50 mc) arid 1 - 0 5  X 10-8 rnoles 

of 14c02 (0.68 pc) i n  a c l o s e d - c i r c u i t  feeding  appara tus  (Fig.  3 .1) .  

During the  longer  (30 minute) feedings  a 2,000 m l  f l a s k  was added t o  i nc rease  

the  volume of the  c i r c u i t  p revent ing  the f e d  l e a f  from reaching  the CO 
2  

compensation p o i n t .  

Af t e r  a  primary l e a f  was placed i n  the  chamber the p l a n t  was given a  

30 minute pre t rea tment  per iod .  .The l e a f  chamber was Open t o  room a i r  u n t i l  

j u s t  p r i o r  t o  feeding .  P l a n t s  f e d  i n  the dark were kep t  i n  the dark 

dur ing  the  pre t rea tment  per iod .  P l a n t s  f e d  i n  the l i g h t  were i l luminated  

by a Sylvania  R30 Superf lood Lamp (3400'~) f i l t e r e d  through 10 cm of water 

t o  y i e l d  2,000 f t - C  measured wi th  a  Weston l i g h t  meter.  

A i r  w a s  pumped through the  c losed  c i r c u i t  u s i n g  the  chamber by-pass and 

a D r i e r i t e  column f o r  20 minutes t o  remove water vapour. Before gene ra t ing  

14 m2 from N ~ ~ ~ ~ c o ~  and 2N H2S04 the  D r i e r i t e  column was removed from the  

3 3 c i r c u i t .  H20 vapour was produced by hea t ing  the H20 gene ra t ing  f l a s k  and 

the gases were mixed by pumping them through the c i r c u i t  f o r  5 minutes before  

t he  f eed ing  began. 

Two experimental  p l ans  were followed. I n  the f i r s t ,  the primary 
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F igure  - 3.1 Apparatus f o r  s imultaneously f eed ing  3 ~ 2 ~  and 14c02 t o  a  

primary l e a f  of soybean. Volume of c i r c u i t  and chamber 

350 m l .  B a l l a s t  f l a s k  added 2,000 m l  t o  c i r c u i t .  
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3 leaves  were f e d  H20 vapour and 1 4 ~ 0 2 ' f o r  1 minute followed by 0 minutes ,  

4 minutes o r  9 minutes i n  a i r  (300 ppm C02, 21% 02) before  the l e a f  was 

e x t r a c t e d  wi th  hot  80% e thanol  : 20% water.  Changes i n  percentage of 

non-exchangeable 3~ and 14c d i s t r i b u t e d  among the e thanol -so luble  organic  

compounds was determined a t  the d i f f e r e n t  t imes fo l lowing  feeding .  I n  

3 the  second experimental  p l an  the  primary leaves  were f e d  H20 vapour and 

14 
CO2 f o r  30 minutes i n  the  l i g h t  o r  i n  the dark.  Before e x t r a c t i o n  wi th  

ho t  80% e thano l  the  p l a n t s  were c u t  i n t o  the fo l lowing  p ieces :  second 

t r i f o l i a t e  l e a f ,  f  i rs t  t r i f o l i a t e  l e a f ,  stem between f  i rs t  t r i f o l i a t e  l e a f  

and primary l e a f ,  f e d  primary l e a f ,  oppos i te  primary l e a f ,  stem between 

the  primary l eaves  and cotyledons,  stem below cotyledons,  and r o o t s .  

Percentages of non-exchangeable 3~ and 14c d i s t r i b u t e d  among ind iv idua l  

organic  compounds were determined f o r  the  f e d  l e a f  and the stem be tween 

primary l eaves  a n d  cotyledons.  Tota l  amounts of non-exchangeable 3~ and 14c 

i n  the organic  compounds d i s t r i b u t e d  among the va r ious  p i eces  of the  p l a n t  

were a l s o  de termined. 

Each e x t r a c t  was evaporated t o  dryness ,  taken up i n  50 m l  of co ld  80% 

e thano l  and evaporated t o  dryness  again.  This process  was repea ted  th ree  

3 t imes u n t i l  H dpm reached a  s teady  value (Fig.  3 .2)  i n d i c a t i n g  t h a t  the 

3 e a s i l y  exchangeable 3~ and ~~0 had been removed from the  e x t r a c t .  F i n a l l y ,  

the  e x t r a c t s  were taken  up i n  1 m l  of water and 1 m l  of chloroform. When the 

chloroform phase had s e t t l e d  from the water (24 h r s ) ,  100 p1 a l i q u o t s  of the 

water phase were assayed i n  a  l i q u i d  s c i n t i l l a t i o n  spectrometer  (Packard 

Tr i ca rb  S e r i e s  3000) f o r  3~ and 1 4 C  u s ing  a  dioxane-based s c i n t i l l a t i o n  

s o l u t i o n .  Correc t ions  were made f o r  counting e f f i c i e n c y  wi th  an  
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F i g u r e  3.2 LOS" of 3~~ aud 14c frorn tlie e t h a n o l - s o l u b l e  e x t r a c t  w i t h  

s u c c e s s i v e  washings  w i t h  80% e t h a n o l  and e v a p o r a t i o n s  t o  

d r y n e s s .  
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e x t e r n a l  s tandard  (Radium 226). The'chloroform f rac t ion ,which  contained 

l e s s  t han  1 percent  of 3~ and 14c i n  the  t o t a l  ex t rac t ,was  discarded.  

For  t he  1 minute feedings  the e x t r a c t s  from the f e d  l e a f  were 

sep&ated i n t o  suga r s ,  amino ac ids  and organic  ac ids  u s ing  r e s i n  column 

chromatography-Rexyn 101 (H) and 201 (OH). Sugar, amino a c i d s  and 

organic  a c i d s  f r a c t i o n s  were separa ted  i n t o  ind iv idua l  compounds us ing  

two dimensional paper chromatography, and i d e n t i f i e d  wi th  benzidine-TCA, 

n inhydr in  and s i l v e r  n i t r a t e  sprays r e s p e c t i v e l y .  

For the  30 minute feedings  the sugars  and amino a c i d s  i n  the e x t r a c t s  

from the  f e d  l e a f  and stem between primary leaves  and cotyledons were 
i 

s epa ra t ed  us ing  two dimensional paper chromatography. Sugar and amino 

a c i d  s p o t s  were i d e n t i f i e d  on r e p l i c a t e  chromatograms us ing  benzidine-TCA 

and n inhydr in  sprays.  

Organic compounds were e l u t e d  from chromatogram spo t s  wi th  d i s t i l l e d  

water running down a wick and dropping of f  the  end of 'the chromatogram 

spo t  (5). Seven drops of water were found s u f f i c i e n t  t o  remove 99% of 

t he  3~ and 14c from a l l  chromatogram s p o t s  (Appendix 2).  Amounts of 3~ 

and 14c i n  the  e l u a t e s  were determined i n  a  l i q u i d  s c i n t i l l a t i o n  spectrometer .  
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3 Ass imi la t ion  of H and 14c i n t o  the e thanol -so luble  organic  compounds of 

t he  f ed l e a f  . 
Less than  one percent  of the 3~ o f f e r e d  t o  the  primary l e a f  was 

a s s i m i l a t e d  i n t o  the  non-exchangeable 3~ i n  the  e thanol -so luble  organic  

compounds i n  the  l i g h t  while from 10% t o  36% of the  14c w a s  a s s imi l a t ed  

i n t o  the e thano l - so lub le  organic  compounds (Table 3.1).  I n  a l l  experiments 
I 

t h e r e  was more v a r i a t i o n  i n  a s s i m i l a t i o n  of 3~ than  14c. Af te r  4  minutes 
I 

I 

1 

fo l lowing  a 1 minute feeding,about  20 times more 3~ was a s s imi l a t ed  than  

imrnediately a f t e r  the  1 minute feeding  (Table 3.1). There was no increase  

3  i n  a s s i m i l a t i o n  of H between 4  and 9 minutes a f t e r  the  1 minute feeding.  

Ass imi la t ion  of 14c i n t o  organic  compounds d id  not  increase  with time from 

the  end of feeding .  

I n  the  30 minute feedings  the a s s i m i l a t i o n  of non-exchangeable 3~ 

i n t o  the e thanol -so luble  f r a c t i o n  i n  the dark was about t e n  percent  of 

3  t he  a s s i m i l a t i o n  of H i n  the l i g h t  (Table 3.1). I n  a  s i m i l a r  experiment 

w i th  soybean, Choi and Aronoff a l s o  measured the  a s s i m i l a t i o n  i n  the dark 

t o  be about t e n  percent  of the  a s s i m i l a t i o n  i n  the l i g h t  (4). Ass imi la t ion  

of 14c i n t o  the  e thanol -so luble  organic  compounds i n  the  dark was l e s s  than 

one percent  of the  a s s i m i l a t i o n  of 14c i n  the  l i g h t  (Table 3.1).  Sen and 

~ e o p o l d  showed f o r  soybean t h a t  the a s s i m i l a t i o n  of 14c i n  the dark was 

about 0.5% s f  the  a s s i m i l a t i o n  i n  t he  l i g h t  (13) .  

Although the  30 minute feedings  l a s t e d  30 times longer  only about 



Table  3 . 1  A s s i m i l a t i o n  of non-excha&able 3~ and 14c i n t o  t h e  

e thanol-so1ubl .e  o r g a n i c  compounds of p r imary  l e a v e s  of 

19-day-o ld  soybeanc o f f e r e d  3 .43  x 1 0 ' ~  moles (50 mc) of 

3 3~ a s  H20 vapour and 1 . 0 5  X 1 0 ~ ~  moles (0 .68 pc) of 14c 

a s  l4w2 s i m u l t a n e o u s l y .  

e x p e r i m e n t a l  moles of i s o t o p e  a s s i m i l a t e d  i s o t o p e  a s s i m i l a t e d  as 
c o n d i t i o n s  X 10-l2 a p e r c e n t  of i s o t o p e  

of f e r e d .  
3~ l4 C 311 1 4 C  

I 
I 
I 

1 m i m t e  f e e d i n g ,  
0 ~ n i n u t e s  i n  a i r ,  
i n  t h e  l i g h t .  

1 m i n i ~ t e  f e e d i n g ,  
4 minutes  i n  a i r ,  
i n  t h e  l i g h t .  

1 minute  f e e d i n g ,  
3 minutes  i n  a i r ,  
i n  t h e  l i g h t .  

30  m i m t e  f e e d i n g  
i n  t h e  l i g h t .  

33 minute  f e e d i n g  
i n  t h e  da rk .  

e a c h  v a l u e  i s  t h e  m a n  of f o u r  y l m t s  & c o e f f i c i e n t  of v a r i a t i o n .  
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fol lowed by 9 minutes i n  a i r  (Table 3: 1 ) .  I n  the  30 minute f eed ings ,  t he  

3 t o t a l  amount of H20 vapour and 14w2 of fe red  was the  Same b u t  the concen- 

t r a t i o n  of the  r ad io i so topes  was decreased a s  the  volume of t he  c losed  

c i r c u i t  w a s  2,000 m l  l a r g e r  than i n  the 1 minute feedings .  

Metabolism of non-exchangeable 3 ~ -  and 14c-organic compounds i n  the  f e d  l e a f  . 
Changes i n  percentages of non-exchangeable 3~ c l o s e l y  p a r a l l e l e d  

changes i n  percentages  of 14c d i s t r i b u t e d  i n  the  sugars ,  amino a c i d s  and 

organic  a c i d s  a t  0 ,  4  and 9 minutes fo l lowing  a 1 minute f eed ing  (Fig. 3.3). 

There was no d i f f e r e n c e  a t  the 95% s ign i f i cance  l e v e l  between the  ind iv idua l  
I 

values  f o r  3~ and 14c. Percentages of 14c d i s t r i b u t e d  among the / 

e thanol -so luble  compounds of the primary leaves '  a f t e r  1 minute followed by 

9 minutes i n  a i r  were t y p i c a l  of the r e s u l t s  ob ta ined  f o r  19-day-old 

soybeans a f t e r  10 minutes photosynthesis  w i th  14w2 (9).  

Percentages of non-exchangeable 3~ d i s t r i b u t e d  in. i nd iv idua l  sugars  

were similar t o  t he  d i s t r i b u t i o n  of 14c (Fig. 3.4). About 70%-80% of 3~ 

and 14c i n  the  sugars  was found i n  sucrose,  about 15% i n  glucose,  5%-10% 

i n  f r u c t o s e  and t r a c e  amounts i n  o the r  sugars  (Fig. 3.4). These percentages 

of 14c were t y p i c a l  of o the r  experiments w i th  soybean where 1 4 c - i s  

a s s i m i l a t e d  pho tosyn the t i ca l ly  from 14w2 f o r  20 minutes (18). Percentages 

of non-exchangeable 3~ d i s t r i b u t e d  i n  a s p a r t i c  a c i d ,  asparagine and 

glutamine were s i m i l a r  t o  the  d i s t r i b u t i o n  of 14c (Fig. 3.5). Glutamic 

a c l d  contained a  g r e a t e r  percentage of 3~ than  1 4 ~  (79% : 4.9%) f o r  1 

minute f eed ings  followed by 0 minutes i n  a i r .  Di f fe rences  betveen the 

percentage of t he  3~ and 14c decreased a f t e r  4  minutes and 9 minutes i n  

a i r  b u t  remain s i g n i f  i c a n t .  Glycine-ser ine has the  oppos i te  p a t t e r n ,  
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F i g u r e  ---. 3 . 3  P e r c e n t a g e  of non-exchangeable 3~ und of 14c d i s t r i b u t e d  i n  

t h e  Sugars ,  arnino a c i d s  and  o r g a n i c  a c i d s  a f t e r  1 minu te  

p l i o t o s y n t h e s i s  w i t h  3112~ and 14c02 fo l lowed  by 0 ,  4 ,  9 

minu tes  i n  a i r .  Each va lue  i s  t h e  mean f o r  4 pr imary  l e a v e s  

of soybean & s t a n d a r d  d e v i a t i o n .  
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w r e  3.4 P e r c e n t a g e  of non-exchangeable 3~ and of 14c d i s t r i b u t e d  i n  -- 
i n d i v i d u a l  Sugars  e x p r e s s e d  a s  a p e r c e n t a g e  of t o t a l  s u g a r s  

3 a f t e r  1 m i m t e  p h o t o i y n t h e s i s  w i t h  H 2 0  and 14c02 f o l l a i i e d  

by 0,  4 and 9 minu tes  i n  a i r .  Each v a l u e  i s  t h e  mean f o r  

4 p r imary  l e a v e s  of soybean f s t a n d a r d  d e v i a t i o n .  
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F i g u r e  3.5 P e r c e n t a g e  of non-exchangeable 3~ und of 14c d i s t r i b u L e d  in 

i n d i v i d u a l  amino a c i d s  a f t e r  1 minute  p h o t o s y n t h e s i s  w i t h  

3 ~ 2 0  and 14c02  f o l l o w d  by 0 ,  4 and 9 in inutes  i n  a i r .  Each 

v a l u e  i s  t h e  mean of 4 p r imary  l e a v e s  of soybean f s t a n d a r d  

d e v l a t i o n ,  
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3 b u t  t he re  was a  s i g n i f i c a n t l y  g r e a t e r ' p e r c e n t a g e  of 14c than H (75% : 2.6%) 

f o r  the  1 minute f eed ing  followed by 0 minutes i n  a i r .  Di f fe rences  between 

3~ and 14c i n  g lyc ine - se r ine  decreased wi th  a longer  time f o r  metabol ic  

turnover .  Comparable d i f f e r e n c e s  between glutamic a c i d  and s e r i n e  

l a b e l l i n g  p a t t e r n s  a r e  a l s o  found i n  Ch lo re l l a  (8). D i s t r i b u t i o n  of 14c 

i n  the  amino a c i d s  was s i m i l a r  t o  t he  d i s t r i b u t i o n  of 14c i n  o the r  

experiments w i t h  soybean (12). 

Percentages  of 3~ d i s t r i b u t e d  i n  i nd iv idua l  organic  a c i d s  f o r  the  1 

minute feedings  were about the  Same a s  t h a t  of 14c d i s t r , i bu ted  i n  i nd iv idua l  

organic  a c i d s  (Fig.  3 .6) .  Since the re  was more 3~ i n  the  organic  a c i d s  i n  

1 minute f eed ings  fol lowed by 0 minutes i n  a i r  (Fig. 3.3) it was e a s i e r  

t o  d e t e c t  a  g r e a t e r  number of 3 ~ - o r g a n i c  compounds. 

3  Trans loca t ion  of non-exchangeable H- and 14c-organic compounds. 

Af te r  a 30 minute simultaneous f eed ing  of 3 ~ 2 ~  and 14c02 both  

non-exchangeable 3~ and 14c were t r a n s l o c a t e d  i n  the l i g h t  (Fig. 3.7).  

Percentages of 3~ and 14c of t o t a l  t r a n s l o c a t e d  were s i m i l a r  i n  var ious  

p a r t s  of t he  p l a n t .  I n  the  dark the re  was no t r a n s l o c a t i o n  of 14c b u t  

percentages of 3~ d i s t r i b u t e d  i n  d i f f e r e n t  p a r t s  of t he  p l a n t  were s i m i l a r  

t o  t h a t  found i n  t he  l i g h t .  

I n  t he  f e d  l e a f  i n  t he  l i g h t  a f t e r  a  30 minute f eed ing  the percentages 

of non-exchangeable 3~ d i s t r i b u t e d  i n  the  e thanol -so luble  organic  compounds 

were s i m i l a r  t o  t h a t  of 14c (Fig. 3.8). A t  l e a s t  60% of 3~ and 14c was 

found i n  Sugars ( sucrose ,  glucose and f r u c t o s e ) .  Large amounts of 3~ and 

14 
C i n  sucrose  and smal le r  amounts i n  glucose,  f r u c t o s e ,  amino a c i d s  and 

E 
organic  a c i d s  i n  t he  30 minute feedings  were s i m i l a r  t o  the  d i s t r i b u t i o n  

1 



F i g u r e  3 .6  P e r c e n t a g e  of non-exchangeable 3~ and of 14c d i s t r i b u t e d  i n  -- -- 
i n d i v i d u a l  o r g a n i c  a c i d s  a f t e r  1 minute  p h o t o s y n t h e s i s  w i t h  

14  
3 ~ 2 0  arid C02 f o l lowed by 0, 4 and 9 rninutes i n  a i r .  Each 

v a l u e  i s  rhe  mean of 4 pr imary l e a v e s  of soybean + s t a n d a r d  

d e v i a t  iotr. 
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F i g u r e  -... 3 . 7  T r a n s l o c a t i o n  of non-eachangcnble 3~ and of 14c i n  tlie 

e t h a n o l - s o l u b l e  o r g a n j c  compounds a f t e r  a  30 niinute f e e d i n g  

w i t h  3112~ and 14m2 b o t h  i n  t h e  l i g h t  and i n  t h e  d a r k .  

P e r c e n t a g e  t r a n s I o r a C i o ~ i  i n  each p l a n t  p i e c e  Ls e x p r e s s e d  a s  

a p e r c e n t a g e  of t o t a l  3~ and 1 4 C  t r a n s l o c a t e d .  Eacli v a l u e  

i s  t h e  n1ea.n of 4 soybeans  + s t a n d a r d  d e v i a t i o n .  
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F i g u r e  3.8 P e r c e n i a g e  of  non-exchangeable 3~ and of 14c d i s t r i b u t e d  i n  
-P -- 

i n d i v i d u a l  o r g a n i c  compouuds o i  t h e  f e d  l e a f  e x p r e s s e d  a s  a  

p e r c e n i a g e  of t o t a l  3~ o r  14c i n  Clie o r g a n i c  coinpounds a f t e r  

30 r i i n u t e s  p h o t o s y n t l i e s i s  wi t l i  3 ~ 2 ~  and 14c02. Each v a l u e  

i s  t h e  mean of 4  soybeans f s t a n d a r d  d e v i a t i o n .  
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3 of H and 14c i n  the  1 minute feedinbs  a f t e r  4  and 9 minutes i n  a i r .  

I n  t h e  stem i n  the  l i g h t  a f t e r  a  30 minute feeding ,  the percentages 

of non-exchangeable 3~ d i s t r i b u t e d  i n  the  e thanol -so luble  organic  compounds 

were t h e  Same a s  t he  percentages of 14c (Fig. 3.9).  The d i s t r i b u t i o n  of t he  

14c i n  the  l i g h t - w a s  t y p i c a l  of d i s t r i b u t i o n s  of 14c a f t e r  30 minutes (9).  

Dark a s s i m i l a t i o n  of almost s i x t y  percent  of the  t o t a l  14c i n t o  a s p a r t i c  

acid-malic  a c i d  of t h e  f e d  l ea f  (Fig. 3.10) i s  t y p i c a l  of 14c a s s i m i l a t i o n  

i n t o  o rgan ic  compounds (10,12). Ass imi la t ion  of 3~ i n t o  the  e thanol -so luble  

organic  compounds i n  t he  dark was n o t  the Same a s  t he  a s s i m i l a t i o n  of 14c 

i n  the  dark. There was more 3~ fhan 14c i n  a s p a r t i c  acid-malic  ac id .  

Sugars conta ined  some non-exchangeable 3~ bu t  no 14c. 

I n  the  dark the  percentage of non-exchangeable 3~ d i s t r i b u t e d  i n  the 

organic  compounds of the  stem was s i m i l a r  t o  the d i s t r i b u t i o n  . 

p a t t e r n  i n  the  f e d  l e a f  (Table 3.2).  

No 14c was found i n  the e thanol -so luble  organic  compounds of the  

stem of p l a n t s  f e d  i n  the  dark (Fig. 3.11). This i s  expected,  s i n c e  14c 

i s  t r a n s l o c a t e d  a s  sucrose  and no 14c was a s s i m i l a t e d  i n t o  sucrose i n  the  

f e d  l e a f  i n  t he  dark. 
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a u r e  -- 3 . 9  P e r c e n t a g e  of non-exchangeable 3~ and of "'C d i s t r i b u t e d  i n  

i n d i v i d u a l  o r g a n i c  compounds of t h e  s t em e x p r e s s e d  a s  a  

p e r c e n t a g e  of t o t a l  3~ o r  14c i n  t h e  o r g a n i c  coapoiinds a f t e r  

30 m i m t e s  p h o t o s y n t h e s i s  w i t h  3 ~ 2 ~  and l4 CO2. Each v a l u e  

i s  tlie m a n  f o r  4 soybeans rt s t a n d a r d  d e v i a t i o n .  
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F i g u r e  3 .10  P e r c e n t a g e  of non-exchangerble 311 and of 14c d i s t r i b u t e d  i n  

i n d i v i d u a l  o r g a n i c  compoiinds 05 t h e  f ed l e a f  e x p r e s s e d  

a s  a p e r c e n t a g e  of t o t a l  311 and C i n  t h e  o r g a n i c  conipounds 

1 4  a f t e r  30 minu tes  d a r k  a s s i m i l a t i o n  wiLh 3 ~ 2 ~  and COZ Each 

v a l u e  i s  t h e  mean of 4 soybeans & s t a n d a r d  d e v i a t i o n .  
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Table  3 .2 .  D i s t r i b u t i o n  of 3~ i n  t h e  e t h a n o l - s o l u b l e  o i g a n i c  conpouiids of 

19-day-o ld  soybcans f e d  i n  t h e  d a r k .  

I .  ainount of 3il found i n  e a c h  clirornatograrn s p o t  
e x p r e s s e d  a s  a  p e r c e n t  of t h e  t o t a l  a c t i v i t y  
f ound on t h e  chro i~ ia togran .  

f e d  l e a f  s tem 
- - - - -  _--.^-~----^---^--.--- -.----^------- _ll_l_----r--p--- .----L- 

m a l  i c  a c  id -  a s p a r t  i c  a c  i d  28.6  i 17% 22.6 rt- 42% 

g l u t a m i c  a c i d  47.1. i 11% 2 9 . 6  ?C 43% 

g l y c i n e -  s e r  i n e  

s u c r o s e  

g l u c o s e  

f r u c t o s e  0 . 5  11 60% 5 . 2  -1 63% 

e a c h  v a l u e  i s  t h r  m a n  of fo i i r  p l a n t c  I t h e  c o e f f i c i e n t  of v a r i a t i o n .  
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F i g u r e  3 . 1 1  p e r c e n t a g e  of non-exchangeable 'H d i s t r i b u t e d  i n  i n d i v i d u a l  -- - 
o r g a n i c  coinpounds of t h e  s t em e x p r e s s e d  a s  a p e r c e n t a g e  of 

t o t a l  'H i n  t h e  o r g a n i c  compounds a f t e r  30 minu tes  da rk  

a s s i m i l a t i o n .  Each v a l u e  i s  t h e  mean of 4 soybeans  & 

s t a n d a r d  d e v i a t  i o n .  
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A n a l y s i s  of t h e  e t h a n o l - s o l u b l e  compounds b o t h  i n  t h e  f e d  l e a f  and 

t h e  remaindcr  of t h e  p l a n t  i n d i c a t e s  t h a t  t h e  d i s t r i b u t i o n  of 

non-exchangeable 3~ i n  d i f f e r e n t  r e g i o n s  of i h e  p l a n t  and i n  i n d i v j d u a l  

o r g a n i c  compounds i s  comparable t o  t h e  d i s t r i b u t i o n  of 14c. Howevei t h e r e  

3 a r e  some differentes. A s s i m i l a t i o n  of 3~ of t h e  t o t a l  1120 o f f e r e d  ums 

l e s s  and had a  g r c a t e r  v a r i a t i o n  coriipared t o  t h e  a s s i i n i l a t i o n  of I4C of 

t h e  t o t a l .  I 4 C n 2  o f f e r e d .  The f c d  l c a f  c o n t i n u e d  t o  a s s i m i l a t e  non-exchange- 

3  a b l e  H i n t o  o r g a n i c  compounds a f t c r  t h e  1 minu te  f e e d i n g  s topped  b u i  d i d  

not a s s i m i l a t e  more 14c. Tl-iere was a  d i f f e r c i i c e  i n  d i s t r i b u t i o n  of 3 i ~  

and I4c  i n  g l u t a n i c  a c i d  and g l y c i n e - s e r i n e .  

l e s s  a s s i m i l a t i o n  and g r e a t c r  v a r i a t i o n  of 3~ coriipared r i i t h  I 4 c  

r e s u l t s  f rom a  conibinat ion of s e v e r a l  f a c t o r s ,  inc lud i r ig  t h e  d i l u t i o n  of 

3  
H20 by w a i e r  a l r e a d y  p r e s e n t  i n  ilie f e d  l e a f ,  t h e  d i l u t i o n  of 3 ~ 2 ~  by 

wa tc r  from t h c  r o o t s ,  t h e  l o s s  of 3 ~ 2 ~  f rom t h e  f e d  l e a i  t o  t h e  t r a n s l o c a t i o n  

s t rca in ,  t h e  l o s s  of excliangea1~1e 3~ i n  thi. o r g a n i c  compounds 2nd t h e  

d i f f  i c u l t y  of get  t i n g  a 3 1  t h e  wntcr  o f f e r e d  t o  t h c  p l a n t  i n t o  t h e  vapour 

form i.n t h e  CI  osed c i r c u i t  of t h e  f e e d i n g  a p p a r a t u s .  

Continued assi ini1ai . j  on 01 %20 afccl-  t h e  1 m i n ~ t e  f e e d j  ng had s toppcd  

can  bc nccounled fol: by a  1.argcr poo l  of v a t e r  i n  t h e  IeaF .  This  poo l  i s  

d i f f i c u i t  t o  Flush nnd  'tl20 remairis i n  t h e  l e a f  anr l  co i i t inucs  t o  be 

a s s  i.mil.aled a f  t.rr t he 1e.d i s  no loi iger surrounded w i t h  3 ~ 1 2 ~  vapour . The 

s m a l l e r  poo l  of i 4 ~ ~ 2  i n  t h c  l e a f  i s  more e a s i l y  f  l u s h e d  and t h c  14c f e e d i n g  

i s  a  bcttcii- " p i i l i , c - c h ~ s c "  experiii?e;:l t hnn  ilic 3~ f e e d i n g .  
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One might expec t  some 3~ l a b e l  i s  formed by exchange of e a s i l y  

exchangeable hydrogen followed by metabolism i n t o  non-exchangeable 

That t h i s  process  does not  account f o r  a  l a r g e  p a r t  of the  non-exchangeable 

3~ l a b e l  i n  soybean i s  ind ica t ed  by the small  amount of 3~ i n  sucrose i n  

the  dark (Fig. 3.10). Since the  concent ra t ion  of endogenous sugars  i n  

the  l e a f  i s  f a r  l a r g e r  than  any of the o the r  compounds the  sugars  would be 

expected t o  con ta in  the bulk of the  3~ i f  phys i ca l  exchange were the  main 

process  of l a b e l l i n g  i n  the  dark. Thus, it i s  more l i k e l y  t h a t  the bulk of 

3  the  H i n  t he  e thanol -so luble  f r a c t i o n s  occurs  by enzymatic f i x a t i o n  r a t h e r  

than  ~ h i s i c a l  exchange. 

The r e l a t i v e l y  low amount of l a b e l  i n  sucrose and malic  a c i d s  a r e  

n e i t h e r  t he  t y p i c a l  p a t t e r n s  obtained wi th  14c i n  photosynthe t ic  f i x a t i o n  

o r  i n  dark f i x a t i o n .  It i s  known t h a t  only a  few organic  compounds a re  

t r a n s l o c a t e d  from leaves  (18,19). Previous work has shown (9) t h a t  small  

amounts of 14c i n  compounds o the r  than sucrose a r e  der ived  from conversion 

of the  t r a n s l o c a t e d  sucrose  r a t h e r  than  the t r a n s l o c a t i o n  of the  non-sucrose 

compounds from the  primary l e a f .  The s i m i l a r  d i s t r i b u t i o n  of 3~ i n  leaf  

and stem i n  the  dark sugges ts  t h a t  the  compounds i s o l a t e d  from the  stem 

were no t  t r a n s l o c a t e d  a s  such from the  a s s i m i l a t i n g  l e a f  b u t  t h a t  . 3 ~ 2 ~  

3 was the  form i n  which H  was t r ans loca t ed  g iv ing  r i s e  a f t e r  t r a n s l o c a t i o n  

t o  the  s e v e r a l  compounds i s o l a t e d  from the stem. 

3  I f  such a  mechanism f o r  t r a n s l o c a t i o n  of H  e x i s t s  i n  the  dark i t  i s  

probable t h a t  it a l s o  e x i s t s  i n  the l i g h t .  However, the  a s s i m i l a t i o n  of 

3~ i n  t he  dark was only  a t  b e s t  one-tenth of t h a t  i n  the l i g h t  (Table 2.1). 

' Any t r a n s l o c a t i o n  of water i n  the  l i g h t  and subsequent dark a s s i m i l a t i o n  



Chapter  3  

i n t o  non-exchangeable 3~ i n  o r g a n i c  cumpounds c o u l d  be  masked by the  l a r g e  

amount of 3H-sucrose t r a n s l o c a t e d  i n  t h e  l i g h t .  T h i s  i s  e v i d e n t ,  s i n c e  i n  

t h e  l i g h t  t h e  d i s t r i b u t i o n  of non-exchaiigeablc 3~ i n  t h e  o r g a n i c  compuunds 

of t h e  s tem (F ig .  3 . 9 )  does  noi; reseaible  t h e  d i s t r i b u t i o n  p a t t e r n  of 3~ and 

14c i n  t h e  f e d  l e a f  ( F i g .  3 . 8 )  b u t  resernbles  t h c  d i s t r i b u t i o n  p a t t e r n  of 

14  
C i n  t h e  s tem ( F i g .  3 . 9 ) .  

D i s t r i b u t i o n  of  non-exchangeable 3~ and 14c i n  t h e  e t h a n o l - s o l u b l e  

o r g a n i c  coinpounds of t h e  f e d  l e a f  f o r  t h e  30 minu te  f e e d i r g  (P ig .  3 . 8 )  wus 

c o n s i s t e n t  w i t h  t h e  r e s u l t  O E  t h e  I ininvte f r e d i n g s  (F ig .  3 . 4 ,  3 .5 ,  3 . 6 ) .  

At l e a s t  60% of non- axcliangcablc 3~ and 14c was found i n  sugar  f o r  t h e  30 

minute  f e e d i n g s  conpared  t o  abou t  70% i n  s u g a r  f o r  t h e  1 minute  feedi-ngs  

f o l l o w e d  by 9  minii tes i n  a i r  and a.bout 10% i n  s u g a r  f o r  t h e  1 minute  

f e e d i n g  f o l l o w e d  by 0 niiiiutes i n  a i r  (F ig .  3 . 3 ) ,  I n  t h e  30 minute f e e d i n g s  

non-exchangeable  3~ and 14c i n  siigar was s l i g h t l y  l e s s  t h a n  ir.  t he  1 minute  

f e e d i n g  le f  t Tor 9  n ~ i n u t c s  i n  a j r  s i n c e  t h c  p e r c e n t a g e  of 3~ and ' 4 ~  

d i s t r i b u t e d  i n  t h e  Sugars  was always a f f e c t e d  by r c c c n t l y  a s s i m i l a t e d  3~ 

aiid ''C i n t o  t h e  Sugars .  Boriever, i n  t h e  1 iiiinute f e e d i n g s  f o l l o v e d  bp 

9  in inutes  i,? a i r ,  tlie p c r c e n t a g e  of 3~ and 14c d i s t r i b u t e d  i n  the  s u g n r s  

r e ~ i l l i - s  frorn n i e t a b o l i c  t u r n o v e r  and v-;- i r ~ t  a l t e r e d  by r c c c n t l y  a c s i m i l a t e d  
\ 

3 ~ 1  and  I4c  i n r o  t h e  sugni-s. Loiier p r c c i l t a g e s  of 311 w i t h  E r r a t e r  percei i t -  

ages  of 14c i n  g l y c i n e - " s e r i n c  and the  r e v e r s e  i n  g l u t a m i c  a c i d  was s e e n  

i.n 3 0  mi.nuLe f e e d i n g s  a s  w e l l  a s  I. m inu tc  feedi .ngs .  Rowever t h e  d i f T e r e n c e  

f  o r  t h e  30 mlnu t e  f  e e d i n g s  a r e  n o t  s t a t i s t i c a l . l y  s i g r i i f i c a n t .  Decreased 

s t a t i s t j c a l  s - i g n i f  i c a n c e  of t h c  30 mjnutc  f e e d i n g s  as comparecl t o  t h e  

1 minute  f e c d i n g s  i s  c o n s i s t e r ~ t  w i t h  t h e  l o n g c r  t ime f o r  m c t a b n l i c  t u r n o v e r  
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i n  t h e  30 minute f eed ings  which al lows the  i n i t i a l  d i f f e r e n c e  t o  be 

masked. . 

The d i f  f e r ence  be tween the  d i s  tr i b u t  ion  of non-eichangeable 3~ and 14c 

i n  g lyc ine - se r ine  and glutamic a c i d  l eads  t o  a n  i n t e r e s t i n g  specu la t ion .  

I f  g lyc ine  and s e r i n e  con ta in  very  r e c e n t l y  incorpora ted  carbon then they 

might be expected t o  be high i n  14c (17). I f  the  c h l o r o p l a s t ,  t he  reg ion  

of carbon a s s i m i l a t i o n  from CO2,  i s  i s o l a t e d  by a  membrane and not  f r e e l y  

in te rconnected  wi th  water  ou ts ide  the c h l o r o p l a s t  then the organic  compounds 

r e c e n t l y  formed i n  photosynthes is  would be low i n  3 ~ .  Glycinr -ser ine  i s  

low i n  non-exchangeable 3~ and h igh  i n  14c. I f  non-exchangeable 3~ i s  

incorpora ted  i n t o  ensuing  products  of photosynthes is  by enzymatic r educ t ion ,  

perhaps ou t s ide  the  c h l o r o p l a s t  i n  reg ions  f r e e l y  mixed wi th  3 ~ 2 ~  e n t e r i n g  

the  c e l l ,  then  non-exchangeable 3~ i s  no t  a d i r e c t  i n d i c a t i o n  of photosyn- 

t h e t i c  a s s i m i l a t i o n  b u t  i s  a  measure of the  metabol ic  a c t i v i t y ' o f  the  

organic  compounds i n  which it i s  a s s imi l a t ed .  More me tabo l i ca l ly  a c t i v e  

compounds a s s i m i l a t e  more non-exchangeable 3~ than  l e s s  me tabo l i ca l ly  

a c t i v e  compounds. Compounds involved i n  "dark f i x a t i o n "  i n  photosynthes is  

a r e  more me tabo l i ca l ly  a c t i v e  and have a s s i m i l a t e d  more non-exchangeable 

3 ~ .  Since more non-exchangeable 3~ is  a s s imi l a t ed  i n  the  l i g h t  than  i n  the  

dark  t h i s  would mean t h a t  soybean is  more me tabo l i ca l ly  a c t i v e  i n  the  l i g h t  

t han  i n  the  dark. The increased  r a t e  of ' 'photorespirat ion" over "dark 

r e s p i r a t i o n "  sugges ts  soybeans i n  t he  l i g h t  a r e  t e n  times more me tabo l i ca l ly  , 

a c t i v e  (2,6), which corresponds t o  t e n  times more 3~ f i x a t i o n  i n  the  l i g h t  

t han  i n  the  dark. 

The l a r g e  percentage of non-exchangeable 3~ i n  glutamic a c i d ,  be tween 
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I 

40 t o  80% f o r  t h e  1 m i m t e  f e e d i u g s ,  i n d i c a t e s  thai: g lu tarnic  a c j d  i s  a  

metabol i c a l l y  a c t i v r  compound i n  soybean.  The l o v  p e r c e n t a g e  of 14c i n  

g l u t a m i c  a c i d  i n d i c a t e s  t h e  p r e c u r s o r s  t o  g lu ta in ic  a c i d  a r e  a number of 

m e t a b o l i c  s t e p s  renioved f rom t h e  i n i . t i a 1  c a r b o n  i n c o r p o r a t i o n  s t e p  (17) .  

The t e n - f o l d  i n c r e a s e  of 3~ and t h e  hundred- fo ld  i n c r e a s e  of 14c i n  

t h e  f e d  l e a f  of p l a n t s  j n  t h e  l i g h t  over  p l a n t s  i n  t h e  d a r k ,  i n d i c a t e s  

t h a t  t h e  n i a j o ~  p r o c e s s  i n  t h e  a s s j n i i l a t i o n  of non-exchangeable 3~ and 14c 

i n t o  orgar i ic  coinpounds i s  p l i o t o s y n t h e t i c  a s s i n i i l a t i o n .  Coinparable 

p e r c e n t a g e s  01 3~ and 14c d i s t r i - b u t e d  i n  t h e  o r g a n i c  compounds of t h e  

a s s i m i l a t j - o n  l e a f  of p l a n t s  i n  t h e  l i g h t ,  i n d i c a t e s  t h a t  p h o t o s y n t h e t i c  

a s s i r n i l a t i o n  i n v o l v e s  s i i n i l a r  orgai l ic  coiupounds f o r  b o t h  c a r b o n  and hydrogen.  

The coinpounds ac t i -ve  i n  C02 a s s i m i l . a t i o i ~  i n  p h o t o s y n t h e s i s  a r e  niore 

m e t a b o l i c a l l y  a c t i v c  and a s s i m i l a t e  more hydrogen.  

I n  Summary, tlie s i m l L a n e o u s  ass in i i ia t j .o i i  aiid t r a n s l o c a t i ~ n  of 3~ 

an<: 14c boti i  a t  tiic l e o c l  o i  t h e  q i ~ a i i t i t i e s  of  t o t a l  i s o t o p e  t i a n s l o c a t e d  

and t h e  Level  of t h e  d i s t r i b u t i o n  of i s o t o p e  i n  t h e  o r g a n i c  conipounds 

i n d i c a t e s  t l i a t  : 

1. phorosynt f i e s i s  i s  t h e  rnost i m p o r t a n t  p r o c e s s  i n  t h e  a s s i i n i l a t i o n  

of non-exchaiigrali lr  '1' and "C: j n t o  o r g a n i c  cornpouiids i n  t l ie  l i g h t .  

2. i io l i -pho tosyn the t i c  a r s i m j  I a t io i :  i s  more in ipor tan t  f o r  

non-exchangeable 3~ t h m  l4  C. 

3 .  3fl i s  rral-bsloca!-cd a s  3 ~ 2 ~  a s  r e l l  a s  non-eschangcablc  3~ i n  

o r  gnn ic  compounds . 

4 .  lzeepir,& j ~ i  iriind t h e  abovc p o j n t s  t r a n s l  occztion of non--excl~arigcable 

3 
ii i n  orpai i ic  cunipniincls i s  B inii l o r  t o  t r a i i s l o c a t i o ; ,  of "C i n  o r g a n j c  
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INTRODU CTl ON 

Modern t h e o r i e s  of t r a n s l o c a t i o n  u s u a l l y  jnc lude  m e t a b o l i c  c o n t r o l  

a c t i n g  a t  t h e  s o u r c e  of  t h e  t r a n s l o c a t e d  coinpounds e . g .  t h e  l e a f ,  a t  t h e  

s i n k  t o  which t h e  coapounds a r e  t r a n s l o c a t e d  e , g .  t h e  r o o t s ,  i n  t h e  

conduc t ing  v e s s e l s  e . g .  t h e  phloern, o r  sonie c o d ~ i n a t i o i i  of t h e s e  t h r e e  

( 8 6 , 7 1 0 1 4 )  M n t a b o l i c  c o a t r o l  c a n  be media ted  by env i ronmenta l  

c o n d i t i o n s  a t  t h e  s i n k  o r  a l o n g  t h e  t r a n s l o c a t i o n  r o u t e  (10) e . g . ;  

t e m p e r a t u r e  on s tem and p e t i o l e  (11,12)  01- l i g h t  on ~ h e  lowcr l e a v e s  and 

Stern (5) .  However a t  t h e  source  l e a f  i t  i s  d i f f i c u l t  t o  s e p a r a t e  a d i r e c t  

e f f e c t  on t h e  t r a n s l . o c a t i o n  p r o c e s s  f rom a n  j n d i r e c t  e f f e c t  through t h e  

p r o c e s s  of  photosy,:? h e s i s .  

Knoiiing tlie p a t i e r n s  of a s s i m i l a t i o n  of 311 und 14c a r e  s i m i l a r  and 

t h a t  3~ and I4c  a r e  tra.iislocai-ed i n  s u c r o s c  at t h e  Same r a t e  (Chapt.  3 ) ,  

t h i  s  i n f o r m a t i o n  c a n  bc u s e d  t o  str idy t h e  e i l e c t  of v a r i o ~ s  f a e t o r s  on 

t r a n s l o c a t i o n  i n  t h e  Same p l a n t .  S ince  O2 concen( ; ra t ion  is knorn  t o  a f f e c t  

p h o i o s y n t h e s i s  ( 1 , 4 , 9 )  i t  was dec ided  t o  determiiie i f  02 c o n c e n t r a t i o n  

a f f e c t e d  t r a n s 1 , o c a t i o n  and i f  i t  d i d ,  was t h e  e f f e c t  d i r e c t  o r  th rough  

p h o t o s y n t h e s i s ?  I n  t h e  Same p l a n t  u s i n g  a  s e q u e n t i a l  f e e d i n g p  one i s o t o p e  

can  l a b e 1  t h e  yi-oducts of p h o t o s y n t h c s i s  a t  21% O2 and t h e  o t h e r  i s o t o p e  

can  Label t h e  p r o d u c t s  of p h o t o s y n t h e s i s  a t  a l - t e r e d  O2 c o n c e n t r a t i o n .  

I l a n s l o c a t i o n  of t h e s e  1a.bell.ed o r g a n i c  conipounds c a n  t h e u  be f o l l o w e d .  
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P r imary  l e a v e s  of soybeans groxm a s  d c s c r i b e d  i n  Chapt. 3  were 

3 o f f e r e d  3 .43 x 10-' moles (50 mc) oS 3~ a s  H20 vapour alid 1 . 0 5  x 10- 8  

moles (0 .68 pc) of 14C02 i n  a s e q u e n t i a l  f e e d i n g  i n  a  c l o s e d  c i r c u i t  f e e d i n g  

a p p a r a t u s  (F ig .  4 . 1 ) .  The a p p a r a t u s  c o n t a i n e d :  a  p l c x i g l  a.ss l e a f  charnber , 

a n  i n f r a  r e d  gas  a n a l y z e r  (Beclmian s e r i e s  2 l 5 ) ,  a n  02 e l e c t r o d e  (Beckman 7 7 7 ) ,  

a g e i g e r  tube  (Anton--Lionel  type  6222),  connec ted  t o  a  r a t e m e t e r  

(Nuclear Chicago 8731) and a r e i o r d e r  (Rilcen Denshi Model S P-J 2 ) ,  f l a s k s  

3  f o r  gellera;ill;; 14cO2 a ~ d  ~ ~ 0 ,  a  c o l ~ ~ r n n  Tor tlie reinoval  of e a i e i  vapour 

(Drj .eri t .e)  which c o u l d  be remo~red f r o x  Ehe systein previ.ous t o  geneira t i n g  

3112~, and a  pump t o  c i . r c u l a t i  the  gas  streaiii si:hiii t h e  c l o s e d  c i r c u i t .  

During g a i i a i a i i o ~  of 3 ~ 2 ~  vapour and 14C0. tiie l e a f  c1;amber cou ld  be L 

by-pa.ssed from t h e  c i r c u i t  and d i f f e r e n t  gas  m i x t u r e s  ( c o n t a i n i n g  2%, 

21% o r  99% 02, w i t h  0 .03% CO2 and rcmainder  N2) ~ a s s e d  th rough  t h e  l e a f  

One of t h e  p r i ins ry  l e a v e s  of eacli soybean was p l a c e d  i n  t h e  l e a f  

cha-nrbcr f o r  a  30 minutle ac lap ta t ion  perj.od i n  l i g h t  f rom quar tz - . iod ine  

larrips (750 w a t t s )  f  i l t e r e d  th rough  10  ein OS wairer t o  y i e l d  2 ,000 f t - c  

measured b ~ i t h  a  Nes ton  l i g h t  me te r .  Duriiig tfiis p e r i o d ,  a i r  was c i r c u l a t ~ d  

a c r o s s  t h e  l e a f  and  t h e  r a t e  o i  n e t  p h o t o s p n t h e s i s  was measured u s i n g  t h e  

i n f r a  r e d  gas  a n a l y z e r .  

' h o  e x p e r i i n r n t a l  p l a n s  rlrerc f o l l  owed ( F j  g. 4 . 2 ) .  l n  f e e d i n g  sequence 

A, a primai-y . l e a f  was f c d  31120 vapour f o r  1 ininute i n  a i r  a t  21% 0  0.03i3 2  ' 

CO2. The cliainber was t h c n  f l i i shed  w i t h  a i r  c o n t a i n i n g  2%, 21% o r  99% 0 2 ,  



F i g u r e  W- 4.1  A p p a i a t u s  f o r  s e q u e i ~ t i a l .  f e r d i n g  o i  3 ~ ~ 2 ~  and 14cg2 t o  a 

p r i m a r y  leaf o•’ soybean.  
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F i g u r e  Exper imenta l  sequencc u s e d  t o  f eed  p r imary  l e a v e s  of soybean 

3 3 . 4 3  x 1 0 ~ ~  moles (50 m c )  of H a s  3 ~ 2 0  and 1 . 0 5  x 10-8 

(0 .68  pc) 14c a s  14  
CO2. The gas  n i ix t i i rcs  used  d u r i n g  f e e d i n g  

c o n t a i n e d  2%, 21% o r  99% 02,  0.03% CO2 ancl t h e  r e m a i n d t r  N?. 



k i l l  and e x t r a x t  

k i l l  a n d  e x t r a c t  

0 rnin. 

? min. 

5 min. 

6 min. 

10 min.  

0 min. 

1 min. 
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, 
0.03% CO2, und a f t e r  4 minu tes  14c02 was added t o  t h e  a i r  s t r e a m  and 

o f f e r e d  t o  t:he l e a f  f o r  1 minute .  The 14c02 was t l ien removed f r o n  t h e  a i r  

s t r e a m  by f l u s h i n g  wich t he  gas  m i x t u r e  a p p r o p r i a t e  t o  t h e  sequence and 

a f t e r  4 minu tes  tl-ie l e a f  was k i l l e d  i n  b o i l i i l g  80% e t h a n o l  : 20% wate r .  

Feed ing  sequence B was i d e n t i c a l  t o  f e e d i n g  sequence A e x c e p t  t h e  t ime of 

i n t r o d u c t i o n  of 31i20 and 14c02 was r e v e r s e d .  

I n  b o t h  f e e d t n g  sequences ,  t h e  O2 c o n c e n t r a t i o n  of t h e  complete c i r c u i t  

was changed w i t h i n  30  seconds .  At a l l  t imes  d u r i n g ,  between and a f t e r  

f e e d i n g s  t h e  CO2 c o n c e n t r a t i o n  d i d  n o t  v a r y  f rom 0.03% by rnore t h a n  

rt 0.005%. 

The l e a f  and o t h e r  p l a n t  p a r t s  were e x t r a c t e d  s e p a r a - t e l y  and washed 

repeatecll-y w i t h  c o l d  80% ethl inol  : 20% ~ a a t e r  u n t i l  t h e  aniount of 3~ was 

c o n s t a n t  ( s e e  Chapt. 3). E t h a n o l - s o l u b l e  e x t r a c t s  of ttie f e d  l c a f  were 

s e p a r a t e d  i n t o  S u g a r s ,  amino a c i d s  and o r g a n i c  a c i d s  by r e s i n  column 

chromatogrzphy---Rcsya 1.01 R a& 201 OH. The amounts of 3~ and 14c were 

deterinined u s i n g  a l i q u i d  s c i n t i l l a t i o n  spectrorrieter  and a  dioxanc-based 

s c i n t i l l a t i o n  s o l u t i o n .  
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Arnounts of 3~ and 14c as s imi l a t ed  i n t o  the  organic  compounds va r i ed  

wi th  the  02 concen t r a t ion  dur ing  the  f eed ings  (Fig. 4.3). When 1402 was 

f e d  at  21% 02 ( f eed ing  sequence B) the amount of 14c as s imi l a t ed  was found 

t o  be cons t an t  wi th  inc reas ing  O2 concent ra t ion .  When 3 ~ 2 0  was f ed  a t  21% O2 

( feeding sequence A), v a r i a t i o n  between p l a n t s  was l a r g e  enough t h a t  no 

s i g n i f  i c a n t  t r end  i n  3~ a s s i m i l a t i o n  was apparent  when the feeding  was 

followed by 2%, 21% o r  99% 02. When 14c02 was f e d  a t  2%, 21% or  99% 02 

( feeding  sequence A) the  amount of 14c a s s i m i l a t e d  was found t o  decrease 
' 

w i t h  i n c r e a s i n g  02 concent ra t ion .  When 3 ~ 2 ~  was f e d  a t  2% and 99% 02 

( feeding  sequence B) more than  twice a s  much 3~ was a s s imi l a t ed  a s  when 3~ 

w a s  f e d  a t  21% 02. 

I n  f e e d i n g  sequence A (Fig. 4.4) and sequence B (Fig. 4.5) the  

percentages of 3~ and 14c d i s t r i b u t e d  among the  sugars ,  amino ac ids  and 

organic  a c i d s  d i f f e r e d  wi th  the  02 concent ra t ions .  These r e s u l t s  should 

be considered toge the r  f o r  t he  most e f f e c t i v e ~ c o m p a r i s o n .  Both feeding  

sequences A and B p r e s e n t  s i m i l a r  d i s t r i b u t i o n  w i t h  21% 02 no mat te r  which 

i so tope  was .o f f e red  f i r s t .  However, t h e r e  a r e  d i f f e r e n c e s  between the  two 

feeding  sequences when t rea tment  included 2% and 99% 02. When the i n i t i a l  

f eed ing  was followed by 2% O2 (Fig. 4.4A and 4.5A), bo th  i so topes  produced 

similar d i s t r i b u t i o n s ,  b u t  when followed by 99% 02, t he  p ropor t ion  i n  

s u g a r s  was markedly depressed wi th  r e spec t  t o  3~ (Fig. 4.4C). The organic  

an& amino a c i d s  had p ropor t ions  e s s e n t i a l l y  equal  t o  sugars  (Fig. 4.4C). 
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F i g u r e  4 . 3  T o t a l  non-exchangeable 3~ and 14c a s s i m i l a i e d  i n t o  soybeans --- *-- 

d u r i n g  f e e d i n g  sequence A and B ( F i g .  4 .2) .  Each b a r  

h is togra i i i  r e p r e s e n - t s  olle p l a n t  aizd e a c h  p l a n t  i.s r e p r e s r n t e d  

twjce ;  ouce f o r  3~i and agai i i  i n  t h e  c o r r e s p o n d i n g  p o s i t i o i i  i n  

t h e  l4 C f i g u r e .  



FEEDING SEQUENCE, (a) 

FEEDIRG SEQUENCE (h) 
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F i o u r e  4  4 Dis t r ibu t io i - i  of n o n - e c h a e a . 1 l . e  3~~ and of 1 4 C  among Sugars ,  
--C'--- -*L.- 

alnino a c i d s  i n  t h e  e t h a n o l - s o l u b l e  e x t r a c t s  of t h e  p r imary  

1-eaves oF soybcan f o l l o w i n g  a  s e q u e n t i a l  f e e d i n g  w i t h  14C02 

t h e n  j ~ ~ 0 ,  f e e d i i i g  scquence A ( F  4 .2 ) .  



SUGARS 

Cl AMINO ACIDS 

~ O R G A N I C  ACIDS 
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Ficrure 4 .5  D i s t r i b u t i o n  of 14c and non-exchungeable 3~ between Sugars ,  &-.-- -- 

amino a c i d s  and o r g a n i c  ac i -ds  j.n t h e  e t h a n o l - s o l u b l e  e x t r a c t  

of  t h e  p r imary  1ea.f of soybean f o l l o w i n g  a s e q u e n t i a l  f e e d i n g  

3 w i t h   CO^ t h e n  B20,  f c e d i n g  sequence B ( F i g .  4 . 2 ) .  



C j-"! SUGARS 
*-- 

/-J AMINO ACIDS- 

OKGANIC ACIDS 
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I 

I n  t h e  Second P a r t  of t h e  f eed ing  sequences where t h e  i so topes  were 

presented  du r ing  the  a l t e r e d  environmental t rea tment ,  h igh  amino a c i d  

l a b e l l i n g  occurred wi th  2% and 99% 02 f o r  14c b u t  on ly  a t  2% f  o r  3 ~ .  

I n  o t h e r  words, we note  t h a t  the 2% 02 t rea tment  i nc reases  the  

p ropor t ion  of 3 ~ -  and 14c i n  the  amino a c i d s  and organic  a c i d s  i n  bo th  

f e e d i n g  sequences A and B. The Same p a t t e r n  appeared wi th  one p a i r  of 

p l a n t s  (Fig. 4 .4)  a t  the  99% 02 bu t  not  wi th  the  second p a i r  (Fig. 4.5) 

when t h e  o rde r  of i so tope  admin i s t r a t i on  was reversed.  

T rans loca t ion  of 3 ~ -  and 14c-organic compounds from the  f e d  l e a f  was 

3  l e s s  t han  10% of t he  H and 14c a s s i m i l a t e d  i n t o  the  organic  compounds f o r  

a l l  02 concen t r a t ion  i n  both  f eed ing  sequences A and B (Table 4.1).  At 

2% O2 i n  f eed ing  sequence A lower percentages of 3~ and 14c were t r a n s l o c a t e d  

than  a t  21% and 99% 02. A t  2% 02, i n  feeding  sequence B ,  a  lower percentage 

3  of t he  H b u t  5 s i m i l a r  percentage of 146 w a s  t r a n s l o c a t e d  a s  t h e  percentage 

3  3  of H and 14c t r a n s l o c a t e d  a t  21% and 99% 02. Thus t r a n s l o c a t i o n  of H 

was 

21% 

w a s  

lower a t  2% 02. A t  2% O2 t r a n s l o c a t i o n  of 14c was a l s o  lower than  a t  

o r  99% 02 i f  t he  14c was f e d  a t  2% 02 b u t  was n o t  lower when t h e  14c 

fed at  21% O2 and fol lowed by 2% 02. A t  a l l  O2 concen t r a t ions ,  

t r a n s l o c a t i o n  of t he  f i r s t  i so tope  f e d  i n  the  sequence was always g r e a t e r  

t han  the  i so tope  f e d  5  minutes l a t e r .  
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Table 4.1 h o u n t  of 3 ~ -  arid 14c-organic compounds t r ans loca t ed  from the  

f e d  l e a f  as a  percentage of t o t a l  3~ o r  14c i n  the  p l an t .  Each 

va lue  i s  the  mean of two plants .  

. Feeding sequence A 1. Feeding sequence B" 

3 ~ 2 ~  followed by 1 4 ~ 0 ~  
14 

CD2 followed by 3 ~ 2 ~  

02 concen t r a t ion  pe rcen t  3~ percent  14c percent  14c percent  3~ 
dur ing  second t r a n s l o c a t e d  t r ans loca t ed  t r ans loca t ed  t r a n s l o c a t e d  

f eed ing  a f t e r  10 min. a f t e r  5 min. a f t e r  10 min. a f t e r  5 min. 

See Fig. 4.2 f o r  d e t a i l e d  d e s c r i p t i o n  of f eed ing  sequences. 
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I 

(F ig .  4 . 4  and 4 .5 )  ancl ~ l s o  a t  h igh  O2 c o n c e n t r a t i o n  i n  t h e  p l a n t s  j n  

feecl ing sequence A ( F i g .  4 . 4 ) .  

A s c h e m a t i c  r e p r e s e n t a t i o n  r e l a t i n g  t h e  e f f e c t  of h i g h  and low O2 

c o n c e n t r a t i o n  on c a r b o n  a s s i m i l a t i o n  i n  p h o t o s y n t h e s i s  i s  proposed i n  

F i g .  4 .6 .  A t  h i g h  O2 c .oncen t ra t ion  p h o t o r e s p i r a t i o n  i s  i n c r e a s e d  

consequent l -y  i n c r e a s i n g  t h e  l o s s  of CO2 and d e c r e a s i n g  t h e  n e t  a s s i m i l a , t i o n  

of c a r b o n  ( 4 ) .  Cooinbs aiid Wliittingham (3)  concluded t l i a t  i n  C h l o r e l l a  
J 

h i g h  oxygen i n h i h i t e d  CO2 a s s i m i l - a t i o n  by i n c r e a s i n g  t h e  l o s s  of carbon 

f rom t h e  i n t e r m c d i a t c s  of a C-2 c y c l e  r a t h e r  t h a n  a  s p e c i f i c  i n h i b j . t i o n  

of a p a r t i c u l a r  enzynie. I f  O2 i . i lcreases t h e  r a t e  of o x i d a t i o n  of t h e  C-2 

f ragnients  tlie e q n i l i b r  iuni between m e t a b o l i c  r e a c t i o n s  inFght be s h i f t e d  

so a s  t o  i n c r e a s e  t h e  aniounts of oi-ganic a.cids and amino acicls arid 

d e c r e a s e  tlle amounts of Sugar .  Decreasecl amounl:s of s u g a r  was found a t  

h i g h  O2 i n  C h l o r e l l a  (3 ,13)  a s  w c l l  a s  soybean (F ig .  4 . 4  and 4 . 5 ) .  I f  

g lu ta in ic  a c i d ,  c o n t a i n i n g  a  l a r g c r  ainouni of 3~ t h a n  I4c (Ciinpi-. 3 , '  P i g .  3 . 5 ) ,  

was f a v o u r e d  a t  h i g h  O2 c o n c e n t r a t i o n  t h i s  c o u l d  accoun t  f o r  t n c r e a s e d  

aniou~ils  of 3~ a s s i m i l a t i o n  a t  h i g h  02 i n  s p i t e  of t h r  reduced ca rhon  

a s s i m i J . a t i o n  a t  h i g h  02 ( ~ i ~ .  4..3). 

A t  2% O2 c o n c e n t r a t i o n  p h o t o r e s p i r a . t i o n  c o n s e q u e n t l y  

d e c r e a s i n g  t h e  l o s s  of Co2 and i n c r c a s i n g  t h e  n e t  assin-i i lat io:? 01 carbon 

( 4 ) .  At low 02 i n  - ChLoreL3.a . .- ( 1 3 ) ,  a s  w e l l  a s  soybean (F ig .  4 .4  and 4 . 5 )  

amino a c i d  p rod i i c t jon  i s  i n c r c n s c d ,  By i avo i i r ing  ~rr i ino a c j d u  t h ~  c q u i l i b r j u l n  

betwecn m e t a b o l j c  r e a c t j o n s  might- be u p s e t  s o  a s  t o  d e c r e a s e  the anoun ts  

of Sugar ( F i g .  4 . 4  and 4 . 5 ) .  

I n  t h c  r e l a t i v e  s h o r t  perjocls of Linie a l lowed f o r  t r a n s l o c a t i o n ,  a  



Figi i re  4 . 6  Schematic r e p r e s e n t a t i  on r e l a t i n g  S u g a r s ,  ainino acicls aiid - - -"- -- 

o r g a n i c  a c i d s  a t  2% and 99% 02 t o  the m c t a b o l i c  pz thvay  

a t  21% 02.  



LOW 
OXYG EN 

HIGH 
OXYG EN 

AMINO ACIDS L ORGANIC ACIDS U - I  

TRANSLOCATION 
POLYSACCHARIDES 



Chapter 4 

s1.oai.r t r a u s l o c a t i o n  r a t e  was n o i i c L d  witl i  on1.y 2% 02.  When '['C wzs 

o f f e r e d  a t  21% o2 and fo l lowed  by 2% O2 t r a n s l o c a t i o n  was n o t  a f f e c t e d .  

3 When H was o f f e r e d  a t  2 1 m 2  and f o l l o w e d  by 2% 0 2 ,  t r a n s l o c a t i o n  was 

s l o w e r .  Howcver t h i s  might  be expectecl  s i u c e  most  of t h e  J~ was a s s i m i l a t e d  

a t  2% O2 (Chapt.  3 ,  Tab1.e 3 . 1 ) .  Thus low O2 c o n c e n t r a t i o n s  appear  t o  a l t e r  

t r a n s 1 o c a t i . o n  by  a l t e r i n g  asc i :mi la t ion  p a t t e r n s .  Exper imcnts f o r  longel: 

p e r i o d s  of t:ir!?e a r e  needecl t o  deterinj-ne whether  t r a n s l o c a t i o n  is  a f f e c t e d  

v i t h  99% 0 2 ,  s i n c e  it seems i n c o n s i s t e n t  t h a t  w i t h  bot11 99% 02 and 2% 0 2 ,  

a s s i m i l a t i o n  P a t t e r n s  a r e  a l t e r e d  s o  as t o  d e c r e a s e  tlie aniount of Sugars  

" a v a i l a b l e "  f o r  t r a n s l o c a t i o ~ l  b u t  t h e  r a t e  of t r a n s l o c a t i o n  i s  slowed w i t h  

So i a r  i n  t l i i s  d i s c u s s i o n  pl-iotosyntl-,e t i c  a s s i i n i l a t  ion  and t r a n s l o c a t  i o n  

h a s  been considerccl  s e p n r a t e l y .  Ry th?  u s e  of more p l a n t s  t h e  Same 

i n f ~ ~ j ~ ~ a t i o n  c a n  be ob t a i n e d  from convent  i o n i ~ l  si.izgle ' isotope expcr  iments . 
was Iiopcd t h a t  tlie i s o t o p e  f e d  at. 21% OC woulcl a.ct a s  a  c o n t r o l  f o r  t h e  L 

cxper iment  and t h e  e f f e c t  of 0 on a c s i m i l a t i o n  and t r a n s l o c a t i o i l  cou ld  be 2  

s c p a r a t e d  i n  t h e  saint p lamt .  Hohqever d e c r e a s i u g  o r  i n c r e a s i n g  t h e  O2 

c o n c e n % r a L i o i ~  a f f  ectccl  t f ie  subsecjuen t metabo l  ism of t h e  o r g a n i c  coinpoui-rds 

making t h e  2 i r s t  i so topc.  fecl a poor contl-01 for t h e  experimei-it. The 

exper i incnta l  dcs ig i l  c a n  be i m p r o v ~ d  t o  make bet-Ler u s c  of the  KWO i s o t o p e s  

by i n c r e a c i n g  t h e  t ime ~ C ~ T L * S C ~ ~  f e e d i n g s  and a l l o w i n g  i h e  f  i r s t  i s o t o p e  t o  

cha-nging t h e  0 c o n c e n t r a t i o n .  I n  t h i s  way t h e  f i r s t  i s o t ~ o p e  becomes a  2  

t r u e  c o n t r o l  f o r  t t ie  e x p c r  j.men.t. whj.ch t h c n  c a n  be  compaxed t o  the second 

i s o t o p e  a t  redciced O2 coiicentrat ior-i .  
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I 

i n  Summary, a t  2% O2 t h e  d i s t r i b u t i o r  of  311 and 14c amone tiic o r g a n i c  

compouiids changcs  f r o n  t h e  d i s t r i b u t i o n  a t  21% 02. At t h e  san:e t ime t h e r e  

i s  a d e c r c a s e  i n  t r ans loca l . io i i  of 3 ~ -  and 1 4 ~ - o r g a n i r  compounds. A t  99% 02 

the  d i s t r i b u t i o n  of 3~ and 1 4 C  asoiig t h e  o r g a n i c  compounds clianges from the  

d i s t r i b u ~ i o n  a t  21% O2 alid y e t  t h e r e  i s  no chaiige i n  t r a n s l o c a t i o i i  o i  311 

and I 4 c - o r g a n i c  compounds. Thus a  f a i r l y  complex r e l a t i o n s h i p  e x i s t s  

between amount of compounds a v a i l a b l e  i n  t h e  f e d  l e a f  f o r  ~ r a i l s l o c a t i o n  

and t h e  anoun t s  of compounds a c t u a l l y  t r a n s l o c a t e d .  To coinple te ly  

u n d e r s t a n d  t h i s  r e l  a t i o n s h i p  f u r t h e r  knowledge is  needed concern  i n g  t h e  

e f f c c t s  of O2 on t h e  p e r c e n i a g e  of 3~ o r  1 4 C  d i s i r i b i i t e d  i n  t h r  o rga i i i c  

coinpounds a t  s l i o r t e r  i n t e r v a l s  of t ime a s  we13 a s  dc te rmin i i lg  i f  tl-it're i s  

a  l o n g  terin i n h i b i t i o n  of  t r a n s l o c a t i o n  a t  2% 0 2 .  
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I 

S-TION OF THE THESIS 

The bimodal p a t t e r n  of t r a n s l o c a t i o n  i n  grand f i r  wi th  peak r a t e s  i n  

s p r i n g  and autumn makes the  t iming of a p p l i c a t i o n  of systemic i n s e c t i c i d e s  

very  important .  Experiments c a r r i e d  ou t  when t r a n s l o c a t i o n  was low might 

give the  impression the systemic i n s e c t i c i d e  was i n e f f e c t i v e .  The Same 

i n s e c t i c i d e  might be more e f f e c t i v e  a t  another  time of year .  Trans loca t ion  

of 3 2 ~ - s c h r a d a n  was found t o  be i n  the phloem of grand f i r  (1)  bu t ,  a l l  

systemic i n s e c t i c i d e s  may no t  be t r a n s l o c a t e d  i n  the same way as photosynthe- 

t i c a l l y  a s s i m i l a t e d  organic  compounds. However, the mode of t r a n s l o c a t i o n  of 

a n  i n s e c t i c i d e  could be determined by l a b e l l i n g  i t  wi th  a  r ad ioac t ive  i so tope  

and t r a c i n g  i t s  movement wi th  a  ge iger  tube. For i n s e c t i c i d e s  t r a n s l o c a t e d  

wi th  a  seasonal  p a t t e r n ,  the geiger- tube technique could e a s i l y  be adapted t o  

determine peak r a t e s  of t r a n s l o c a t i o n  under f  i e l d  condi t ions .  

The l a r g e  amounts of l4C-shikimic arid 1 4 ~ - q u i n i c  a c i d s  f y n d  i n  the s p r i n g  

t i s s u e  may i n d i c a t e  t h a t  c e l l  metabolism i s  d i r e c t e d  towards l i g n i n  formation 

and b u i l d i n g  c e l l  wa l l s .  It would be i n t e r e s t i n g  t o  pursue t h i s  f u r t h e r  by 

determining i f  increased  t r a n s l o c a t i o n  i n  the  s p r i n g  is  due t o  "leaky" c e l l s  

and i f  t h i s  t r a n s l o c a t i o n  could be induced a t  o the r  per iods  of the  year 

wi thout  t oo  much damage t o  the  t i s s u e .  

The technique of u s ing  non-exchangeable 3~ and 14c t o  labe1  the organic  

compounds i n  t r a n s l o c a t i o n  experiments appears u s e f u l  i n  e s t a b l i s h i n g  the  e f f e c t  

of environmental f a c t o r s  on the con t ro l  of t r a n s l o c a t i o n .  It may be p a r t i c u -  

l a r l y  important  i n  p l a n t s  which show cons iderable  amount of i nd iv idua l  v a r i a t i o n  

i n  r a t e s  of t r a n s l o c a t i o n  such a s  t r e e s  grown under f i e l d  cond i t i ons .  



Sunlmat i o n  

and l n b c l l i i l g  p a t t e r n s  i n  t h e  photosyritiie t i c a l l y  a s s i i n i l a t e d  o r g a n i c  

coiupounds. The g r e a t e r  p e r c e n t a g e  of 33i i n  glutarnic a c i d ,  t han  e x p e c t e d  

on t h e  b a s i s  of t h e  p e r c e n i a g c  o i  14c, may be a  c l u e  t o  tlie u s s i m i l a t i o n  

of S~ i n t o  t h e  o r g a n i c  compounds and c o u l d  be wor th  f u r t h c r  e x p e r i m e n t a t i o n .  

The g r e a t e r  p c r c e n t a g e  of 14c i n  g l y c i n e - s e r i n e ,  t h a n  e x p e c t e d  on tho b a s i s  

I 
of t h e  p c r c e n t a g e  o i  3H, cou ld  i n d i c a t e  a compar t rnen ta l i za t iun  of 

g l y c i n e - s e r i n e  i n  a n  a r e a  of t h e  c e l l  which i s  "c lose l '  t o  t h e  f i r s t  

p r o d u c t s  of photosynt l les  i s  b ~ i t  i s  " r e r n ~ t e ' ~  f som w a t e s  e n t e r i n g  t h e  

cytoplasrri. These i deas  coul d  a l s o  be worth  f u r t h c r  d e v e l o p e n t .  

Seasona l  v a r  i a t i  ons i n  r a t e s  of t r a r s l  o c a t  ion  of  o r g n n i c  cornpounds 

i s  i rnpor taa t  froin b o t h  p r a c t i c a l  2nd t l i e o r e t i c a l  a s p e c t s .  The g e i g e r - t u b e  

tec l in ique and t h e  d u a l - i s o t o p e  l a b e l l i n g  t e c h n i q u c  may prove u s e f u l  t o  

stuciy t r a n s L o c a t i o n  a i  t h i s  l e v e l .  

1. Rcdiske ,  J .  H . ,  and N .  E ,  Johnson.  1965. The absorpi i ion and ' 

t r a n s l o c a t i o n  01 t h e  s y s t e m i c  i i i s e c t i c i d e  scl3radan j n  s i t k a  sp ruce  
and grrcnd f  i r .  Wcyerhneuser F o r e s t x y  Paper  NO.  5. Cent i ra l ia ,  Wasl-i. 
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APPENDIX 1 

. Ef f i c i ency  of the  Anton-Lionel Minia ture  Counting Tube Type 6222 

Previous t o  u s i n g  the  Anton-Lionel ge iger  tube f o r  experiments w i th  

the  girand f irs and aga in  a f t e r  the s e r i e s  of experiments were completed, 

t h e  count ing  e f f i c i e n c y  of t he  tube was checked a g a i n s t  a l i q u o t s  of 

1 4 ~ - a s p a r t i c  a c i d  (0.1 mc per  1 .0  ml) d r i e d  On a g l a s s  Cover s l i p .  To 

o b t a i n  a concept of the  amount of s h i e l d i n g  by the  t r e e ,  s p o t s  1/4 inch i n  

diarneter c u t  from paper chromatograms and conta in ing  14c-organic compounds 

were counted wi th  the Anton-Lionel ge iger  tube. The diameter of t he  end 

window of t he  ge iger  tube i s  1/4 inch. 

Although the  ope ra t ing  vol tage  had increased  from 700 t o  750 v o l t s  

the  e f f i c i e n c y  of the ge iger  tube d id  not  change from beginning of the 

experiments t o  the end (Table A, Appendix I ) .  The mean e f f i c i e n c y  of 

19.5% i s  probably not  s i g n i f  i c a n t l y  l e s s  than  the  20.0% e f f  i c i ency  quoted 

by the  company. 

The chromatography paper sh i e lded  a cons iderable  amount of the  

r a d i o a c t i v i t y  from the  ge iger  tube. However e f f i c i e n c y  of counting 

chromatogram spo t s  (Table A, Appendix 1 )  i s  s t i l l  higher  than  e f f i c i e n c y  

of counting 14c i n  the  branch (Table 1.3,  Chapt. 1 )  s i n c e  very  l i t t l e  of 

the  c y l i n d r i c a l  branch i s  aga ins t  the  f l a t  su r f ace  of the  ge iger  tube. 



T a b l e  A .  Tlze e f f i . c i e n c y  of t h c  Anton-Lionel  gc.j.ger tube  t o  measiire 

1 4 ~ - a r p a r t i c  a c i d  d r i e d  t o  a  g l a s s  cover  s l i p  and 14c--organic  

compounds On chromatography p a p e r .  

e f f i c i e n c y  o p e r a t i n g  v o l  t a g e  

(beg inn ing  of '' 1 9 . 6  -ii 3% 7 00 
(exper  Ements 

1 4 ~ - a s p a r t i c  a c i d  d r i e d  ( 
t o  a g l a s s  cover  s l i p .  ( 

(end of ,J 1. 1 9 . 5  i 4% 
(exger  irnent s 

' *  mzan of t h r e e  v a l u e s  I c o e f f j c i c n t  of v a r i a t i o n .  

2 '  mcan of e i g h t  v a l u e s  & c o e i f i c i c n t  of v a r i a t i o n .  



D i s t r i b u t i o n  of Ethanol-Soluble 14c-Organic Compounds i n  Grand F i r s  
i .' 

t . 

Grand f i r s  (Abtes grandis  ~ o u g l . )  a s  descr ibed  i n  Chapt. 1 were 

f e d  135.1 pc of 1 4 q  f o r  2 and 2  1/2 hours dur ing  the  s p r i n g  t o  autumn 

of 1967 u s i n g  the  appara tus  descr ibed i n  Chapt. 1. The l eng th  of time the  

t r e e s  were l e f t  i n  a i r  between beginning of f eed ing  and ex t rac t i 'on  wi th  

80% e thano l  : 20% water va r i ed  between 2  hours and 48 hours.  These t imes 

a r e  recorded i n  Table B ,  Appendix 2. Only the  e thanol -so luble  e x t r a c t  was 

assayed f o r  1 4 ~ .  

I n  a l l  feedings  dur ing  the  season over 90% of t he  e thanol -so luble  14c 

remained i n  the  f e d  b;anch (Table B ,  Appendix 2). Less t han  2% of t he  

e thano l - so lub le  14c was found i n  t he  r o o t s  a f t e r  24 and 48 hours i n  May 

feedings .  I n  white  p ine  a f t e r  8 hours i n  May the  percentage of 

e thanol -so luble  14~-compounds t r ans loca t ed  t o  t he  r o o t s  va r i ed  between 5% 

and 26% of t o t a l  e thanol -so luble  14c found i n  the t r e e  d e ~ e n d i n g  on whether 

the  txees  were grown a t  high l i g h t  and high moisture (1,2) .  Greater  

t r a n s l o c a t i o n  t o  the  r o o t s  found i n  white  pirie a s  compared t o  balsam f i r  

could be due to :  -1 

1. Increased  t r a n s l o c a t i o n  t o  t he  r o o t s ,  t he  white  p ine  were kept  

a t  CO2 compensation po in t  a f t e r  f eed ing  wi th  l4w2, while the  

balsam f i r s  were kept  i n  a i r .  

2. A l l  t he  shoot  above the  r o o t s  of the  white  p ine  w a s  o f f e red  l4w2 

whi le  only  a  1 cm s e c t i o n  of a  balsam f i r  branch from the  top  whorl 



of h r a n c h e s  was o f f e r c d  " ~ 0 ~ .  

3 .  The w h i t e  p i n e  and balsain f ir b e l o n g  t o  d i f f e r e n t  genera  and had 

d i f f e r e n t  c o n d i t i o n s  of growth p r e v i o u s  t o  t h e  exper iments .  

L i s t e r ,  G,  R . ,  V. S l a n k i s ,  G. Krotkov and C. D. Nelson.  1967. 
P h y s i o l o g y  of P i n u s  s t r o b u s  L .  s e e d l i n g s  grown under  h i g h  o r  low ---- - ----F 
s o i l  m o i s t u r e  c o n d i t i o n s .  Annals of Bot .  31: 121-132, - 

2. S h i r o y a ,  T . ,  G. R. L i s t e r ,  V. S l a n k i s ,  G. Krotkov and C. D. Relson.  
1966. Seacona l  changes  i n  r e s p i r a t i o n ,  p h o t o s y n t h e s i s  and 
t r a n s l o c a t i o n  of t h e  C l a - b e l l e d  p r o d u c t s  of p h o i o s y n t h e s i s  i n  
young -- Pirills --.--W- s t r o b u s  L .  p l a n t s .  Annals of Bo t .  30:81-91.  

-V- 
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E l u t i o n  of 3 ~ -  -- and 1 4 ~ - - ~ s e i c  --V Compounds froin C h r o n i a t o ~ a m  Spots  - -  2 --- 

P l a n t  e x t r a c t s  were s e p a x a t e d  i n t o  i n d i v i d u a l  o r g a n i c  compoundc u s i n g  

paper  c h r o m a b g r a p h y .  To a s s a y  for tlre amount of 3~ and 14c, e a c h  o r g a n i c  

conipound was e lu tec l  f rom i t s  chroiiintograin s p o t  and t h e  e l u a t e  was coiinted 

i n  t h e  l i q u i d  s c i n t i l l a t i o n  spec t ron ie te r  u s i n g  a  d ioxane s c i n t i i l a t i o n  

s o l u t i o n .  The t ime t a k e n  and t h e  number of d rops  n e c e s s a r y  t o  f l u t e  99% 

of tlie 311- arid 1 4 ~ - o r g a i l i c  compounds f rom chrornatogram s p o t s  c o n t a i n j  ng 

s u c r o s e ,  g l u c o s e  , f r u c t o s e ,  a s p a r t i c  acid-mrl. i c  a c i d ,  g l u t a m i c  ac  i d ,  

g l y c i n e - s e r  i n e  arid a s p a r a g i  nc was deteruii  r e d  p r e v i  ous t o  working w i t h  t h e  

expes  i inenta l  e x t r a c t s  . 
A l i q u o t s  of  an e x t r a c t  froiii a p r i ~ n a r y  l e a f  OE 19-clay-old' soybean 

3 which had been  o i i e r e d  H20 aiiil 14c02  f o r  3 0  in inutcs  vei-e s e p a r a t e d  i i i t o  

i n d i v i d u a l  o r g a n i c  compounds u s i n g  two d imens iona l  paper  chromatography. 

The positi.011 of t h e  r a d i o a c t i . v e  s p o t s  on t h e  paper  chroniatogram were 

determincd f rom rad ioau tograms  of t h c  chrornatogram and by s p r a y i n g  r e p l i c a t e  

c b r o m a t o g r m s  w i t h  n t i ~ h y c l r i n  and b e n z i d i n e  Sprays .  Chroriiatogram s p o t s  

wei-e ci i t  j.n o v a l s  wich olle end t a p e r e d  t o  a  p o i n t  f rom which t h e  e l u a t e  

c o u l d  clr ip.  Wickc made f rom s t r i . p s  of chromatograin paper  were s t a p l e d  t o  

t h e  s p o t s  and t h e  t o p  of t h e  wick was dipped i n t o  a  10  r n l  beaker  c o n t a i n t n g  

d i s t i l  l e d  t r a t e r .  S u c c e s s j v e  d r o p s  werc c o l l c c t c d  i n  inc l iv idua l  v i a 1  s  

c o n t a i n j n g  s c i i ~ t i l  l a t i o n  s o l u t i o n .  Thc 1 0  m l  bealcer was s u p p o r t e d  011 3 
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enclosecl  under  a  j n v e r t e d  1000 i r i l  b e a k e r .  A f t e r  s e v e n  d rops  had been 

e l u t e d  f rom t h e  chromatogram s p o t ,  t h e  s p o t  was dropped i n t o  a  v i a l  

coi: taining s c i n t i l - l a t i o n  s o l u t i o n  ancl coun ted  i n  t h c  l i q u i d  s c i n t i l l  a t i o n  

s p e c t r o m e t e r .  The arnoilnt of 3~ i n  e a c h  drop was e x p r e s s e d  a s  p e r c e n t  of 

3 t o t a l  H e l u t e d  f rom t h e  chromatogram s p o t  p l u s  t h e  r e s i d u a l  3~ on t h e  

c1:roiimtograin s p o t  a f t e r  t h e  seven  d rops  were e l u t e d .  A s i n i l a r  p e r c e n t a g e  

was c a l c u l  a l e d  f o r  t h e  amount O•’ li'c i n  c a c h  d r o p .  

Over 60% of  t h e  t o t a l  3~ and 14c was e l u t e d  i n  t h e  f i r s t  drop from t h e  

chrcniatogr-arn s p o t  f n r  a l l  compounds t e s t e d  ( l a b l c  C, Appendix 3 ) .  A r a p i d  

d rop  i n  t h e  amounL of 3~ and '"C e l u t e d  a f L e r  tlie f i r s L  3  d rops  was 

3 c h a r a c t e r i s t i r  of a l l  cornpounds and w i r h i n  6  d r o p s  99% of t h e  11 2nd 14c 

was c l u t e d .  The time Laken f o r  e a c h  drop t o  l e a v e  t h e  chroma;oglam was 

v a r i a b l e .  The f i r s t  drop took from 1 5  t o  30 minu tes  t o  l e n v e  t h e  

chromatograin s p o t  and subsequent: d rops  tooli l e s s  t i m e l  A l l .  7. dropa took 

froin 50 t o  100 riii.nutes t o  fa.11. 

Ori t h e  b a s i s  of  t l iese  t e s t  d r o p s ,  i n  t h e  e x p e r i m e n t a l  proceclure 7 

d rops  were e l u t e d  f roci  e a c h  chromatogram s p o t  i n t o  t h e  samc s c i n t i l l a t i o n  

v i a l .  Th i s  was aboii i  99% of t h e  t o t a l  31: and 14.C p r e s e n t  i n  each  s p o t .  
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