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ABSTRi.CT

In  view  o f  th e  f a c t  t h a t  f u n c t io n  and s t r u c t u r e ,  a t  

c y to lo g ic a l  l e v e l s ,  can n o t he  s e p a r a te d ,  e l e c t r o n  

m ic ro sc o p ic  s tu d ie s  o f  th e  s ie v e  tu b e s  o f  Nymphoides 

p e t i o l e  u s in g  d i f f e r e n t  p r e p a r a t io n  te c h n iq u e s  were 

c a r r i e d  o u t c o n c u r re n t ly  w ith  p h y s io lo g ic a l  work. The 

s t r u c t u r e  o f th e  s ie v e  p l a t e  was in v e s t i g a t e d  in  d e ta i l*

S ide  by s id e  some e :(q )lo ra to ry  ex p e rim e n ts  to  work 

ou t a m ethod o f  m easu rin g  th e  v e lo c i ty  o f  t r a n s p o r t  and 

i t s  te m p e ra tu re  dependence were c a r r i e d  o u t u s in g  a g a in  

th e  lo n g  p e t i o l e  o f  Nym phoides.

The Im p l ic a t io n s  o f  th e  p r e s e n t  f in d in g s  a r e  

d is c u s s e d  in  r e l a t i o n  to  th e  p r e v a i l i n g  th e o r i e s  o f  

t r a n s p o r t  mechanism*
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GENERiiL INTRODUCT ION

In  r e c e n t  y e a r s  em phasis h a s  b een  l a i d  on th e  problem  

o f  th e  r e l a t i o n s h i p  betw een  th e  s t r u c t u r e  and f u n c t io n  o f  

th e  phloem , v/hich h a s  b een  e s t a b l i s h e d  beyond r e a s o n a b le  

doubt a s  th e  m ain ch an n e l o f  c a rb o h y d ra te  t r a n s l o c a t i o n  in  

p la n ts #  In  s p i t e  o f  t h i s ,  t h e r e  i s  a s  y e t  no g e n e ra l  

agreem ent a s  to  th e  mechanism o f  t h i s  p ro c e ss#  I t  was in  

t h i s  l i g h t  t h a t  th e  p r e s e n t  i n v e s t i g a t io n  was u n dertaken#  

E le c t ro n  m ic ro s c o p ic a l  i n v e s t i g a t io n s  o f  th e  s ie v e  tu b e  

s t r u c t u r e  have b een  c a r r i e d  o u t a lo n g  w ith  p h y s io lo g ic a l  

work on a s in g le  sp e c ie s#  The two a r e  d e a l t  w ith  

s e p a r a te ly  in  t h i s  t h e s i s  f o r  th e  sake  o f  c o n v e n ie n c e , th e  

m ic ro s c o p ic a l  work b e in g  c o n s id e re d  f i r s t #
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INTRODUCTION

The phloem  h a s  lo n g  been  o o n s id e re d  t o  be a  com plex 

t i s s u e  In v o lv e d  in  th e  downward and  upw ard t r a n s l o c a t i o n  o f 

o rg a n ic  m a t e r i a l s  and c a rb o h y d ra te s  p a r  e x c e l le n c e  from  th e  

le a v e s  t o  th e  o th e r  p a r t s  o f  th e  p l a n t .  As such  i t  h a s  

a t t r a c t e d  th e  a t t e n t i o n  o f  b o th  th e  a n a to m is ts  and th e  

p h y s i o l o g i s t s .  I t  was H a r t lg  (1837) who f i r s t  d is c o v e re d  

s le v e - tu b e s  I n  th e  phloem  o f  h ig h e r  p l a n t s .  S ince  th e n  th e y  

have m ost o f te n  been c o n s id e r e d  to  be th e  s p e c i f i c  t i s s u e  o f  

c a rb o h y d ra te  t r a n s p o r t ,  th o u g h  o th e r  v iew s have been  h e ld  

( f o r  I n s ta n c e  by Sachs ( I 863 ) ,  who b e l i e v e d  t h a t  s u g a rs  moved 

p r i n c i p a l l y  i n  th e  " c o n d u c tin g  parenchym a" o f  th e  s t a r c h  

s h e a th ) .  Maiagham (1 9 1 0 -1 1 ) h a s  re v ie w ed  much o f  th e  e a r l i e r  

work d e a l in g  w ith  t h i s  c o n c lu s io n .  In  th e  renew ed p h ase  o f - 

I n t e r e s t  i n  th e  p ro b lem  o f t r a n s l o c a t i o n  w hich  began  a round  

1920  th e  p o s i t i o n  o f th e  phloem  a s  th e  fa v o u re d  t i s s u e  was 

c h a lle n g e d  f i r s t  by B lr c h - H lr a c h f e ld  (1 9 1 9 -2 0 ) and th e n  by 

D ixon and B a l l  (1922) and a g a in  D ixon (1 9 2 2 ) . The b a s i s  o f  

t h e i r  o b je c t io n  was th e  e x tre m e ly  r a p id  r a t e  o f  c a rb o h y d ra te  

m ovement. D ixon and B a l l  (1922) w ere o f  th e  o p in io n  t h a t  

th e  s le v e - tu b e s  a r e  s t r u c t u r a l l y  In a d e q u a te  f o r  such  a  r a p id  

r a t e  o f  movement to  o c c u r  In  them . They u sed  d ry  w e ig h t 

changes of p o ta to  tu b e r s  I n  c o n ju n c tio n  w ith  th e  c r o s s -  

s e c t i o n a l  a r e a  o f th e  phloem  c£ th e  s to lo n  to  c a lc u la t e  th e



r a t e  o f  movement o f s u g a r s  i n t o  th e  d e v e lo p in g  o rg a n . T h e ir  

v a lu e  was 50om/4ir b a se d  on a  s u g a r  c o n c e n t r a t io n  o f  10^ in  

th e  e n te r in g  s tre a m  -  a  r a t e  w h ich  would t r a v e r s e  th e  f i e l d  

o f  a  medium pow er (V s "  ) o b j e c t iv e  I n  a b o u t tw o se c o n d s . 

A cc o rd in g ly  Dixon (1922) c o n s id e re d  xylem  t o  be th e  c h a n n e l 

o f t r a n s p o r t  th o u g h  I t  m ust be m en tio n ed  t h a t  l a t e r  ( s e e  

D ixon and Gibbon (1 9 3 2 ))  I t  seem s he was c o n v e r te d  t o  th e  

v iew  t h a t  th e  phloem  l a  th e  t i s s u e  In v o lv e d .

I t  was th e  c l a s s i c a l  work o f  C u r t i s  (1920 and  onw ards) 

and  Mason and M a sk e ll (1928 and  onw ards) t h a t  e s t a b l i s h e d  

once a g a in  th e  a sc en d an cy  o f  phloem  o v e r xylem  a s  th e  

fa v o u re d  c h a n n e l o f  t r a n s p o r t  and  th e  s ie v e  e le m e n ts  a s  th e  

m ost l i k e l y  c e l l s .  Schum acher (1930) gave th e  f i r s t  d i r e c t  

e x p e r im e n ta l  e v id e n c e  t h a t  th e  s ie v e  e le m e n ts  a re  th e  a c tu a l  

c e l l s  In v o lv e d  i n  t r a n s l o c a t i o n .  In  1933 he co n firm e d  t h i s  

by show ing th e  movement o f  f l u o r e s c e i n  In  th e  s l e v e - tu b e s ,  

th o u g h  I t  m ust be  co n ced ed , a  p r i o r i ,  t h a t  f l u o r e s c e in  

t r a n s p o r t  I s  n o t  t o  be c o n s id e re d  a s  n e c e s s a r i l y  s t r i c t l y  

an a lo g o u s  t o  s u g a r  movement. More r e c e n t  w orks w ith  r a d io 

a c t iv e  t r a c e r s  by B iddu lph  and  M arkle (1944)»  S ab id eau  and 

B u rr  (1945)» B id d u lp h  (1956 ) and B id d u lp h , B id d u lp h  and 

Cory ( 1958 ) have gone v e ry  f a r  to w ard s  c o n f iim ln g  t h i s  v iew .

In  s p i t e  of th e  p r e s e n t  g e n e ra l  ag reem en t o v e r th e  

pathw ay of t r a n s l o c a t i o n ,  c o n tro v e rs y  i s  s t i l l  g o in g  on



r e g a rd in g  th e  m echanism  o f  t h i s  movem ent. The r e a s o n  f o r  

t h i s  i s  n o t  f a r  t o  s e e k . I t  h a s  lo n g  been  r e c o g n is e d  t h a t  

th e  s t r u c t u r a l  p e c u l i a r i t i e s  o f  th e  s ie v e  e le m e n t a re  

r e l a t e d  t o  t h e i r  r o l e  in  t r a n a l o e a t i o n .  T hat i s  th e  re a s o n  

why s t r u c t u r a l  and f u n c t io n a l  s t u d i e s  o f  phloem  have gone 

, hand i n  h an d . D if f e r e n c e s  i n  i n t e r p r e t a t i o n  o f  th e  ,

s t r u c t u r a l  f e a t u r e s  o f  th e  s ie v e  e lem en t a re  th u s  i n e v i t a b ly  

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

f a c t  th e  r e l a t i o n s h i p  betw een  th e  two f i e l d s  of s tu d i e s  h a s  

been  a  r e c i p r o c a l  one.

The c y to l o g i c a l  f e a t u r e s  w hich have been  m ost d e b a te d  

a r e  th e  g e n e r a l  n a tu r e  o f s ie v e  e lem en t p r o to p la s t  and th e  

p a r t i c u l a r  s t r u c t u r e  o f  th e  s ie v e  p l a t e  in c lu d in g  th e  

c o n n e c tin g  s t r a n d s .  These have  b een  a s s ig n e d  d i f f e r e n t  

r o l e s  i n  t r a n s l o c a t i o n  by th e  a d v o c a te s  o f  d i f f e r e n t  t h e o r i e s  

Thus i t  i s  n e c e s s a ry  t o  b r i e f l y  re v ie w  th e  t h e o r i e s  c u r r e n t  

a t  th e  p r e s e n t  t im e , and to  see  how t h e i r  s t r u c t u r a l  

re q u ire m e n ts  d i f f e r .

P ro b a b ly  th e  m ost fa v o u re d  h y p o th e s is  a t  th e  moment i s  

t h a t  f i r s t  p u t  fo rw ard  by Munch (1 9 3 0 ). T h is  su p poses t h a t  

th e  d r iv in g  fo r c e  o f  movement i s  a  g r a d ie n t  i n  h y d r o s ta t i c  

p re s s u re  a c t in g  l o n g t l t u d i n a l l y  i n  th e  s ie v e  tu b e  co lum ns. 

T h is  g r a d ie n t  i s  e s t a b l i s h e d  o s m o t ic a l ly ,  and c o n se q u e n tly



i s  n o rm a lly  c lo s e ly  r e l a t e d  t o  a  g r a d ie n t ,  o f  o sm o tic  p o t e n t i a l  

i n  th e  s ie v e  tu b e  c o n te n t s ;  f u r t h e r ,  i t  a c t s  e q u a l ly  on a l l  

m o le c u l a r ^ e c i e s  p r e s e n t ,  so  t h a t  a l l  o f  them  p a r ta k e  i n  th e  

r e s u l t a n t  m ass f lo w ; th o u g h , i t  m ust be ad d ed , a l l  do n o t  

n e c e s s a r i l y  a c h ie v e  th e  same v e l o c i t y .  The s t r u c t u r a l  

r e q u ire m e n ts  f o r  th e  p r e s s u r e - f lo w  th e o ry  a r e  th e r e f o r e  f a i r l y  

c l e a r ;  th e  r e s i s t a n c e  t o  l o n g t i t u d i n a l  v is c o u a  f lo w  m ust be 

low , o r  th e  p r e s s u r e  g r a d ie n t  r e q u ir e d  w ould be p r o h i b i t i v e l y  

h ig h ; and t h i s  can be shown to  im p ly  e i t h e r  t h a t  th e  s ie v e  

p l a t e  p o re s  have a f a i r l y  w ide open c h a n n e l th ro u g h  them , o r 

t h a t  i f  f i l l e d  w ith  c y to p la sm , t h i s  cy to p lasm  i t s e l f  p a r ta k e s  

i n  th e  r a p id  l o n g t i t u d i n a l  movement of th e  w a te ry  s a p . A

t h i r d  a l t e r n a t i v e  h a s  been  p u t fo rw a rd  by scaae w o rk e rs , 

n o ta b ly  C r a f t s  (1 9 4 8 ); t h a t  th e  c y to p la sm  o f  th e  s ie v e  tu b e s ,  

th o u g h  s t a t i o n a r y ,  i s  d e n a tu re d . I t s  p o ly p e p tid e  c h a in s , he 

su g g e s te d , w ere s t r a i ^ t e n e d ;  some o f  th e  in te r m o le c u la r  

bonds were b ro k en  ; and th e r e  was a  l o s s  o f  th e  l i p i d  m a te r i a l  

a s s o c ia te d  w ith  p e r m e a b i l i ty  b a r r i e r s .  Coupled w ith  th e rm a l 

a g i t a t i o n ,  he b e l ie v e d  a  s t r u c t u r e  would r e s u l t  w hich  w ould 

o f f e r  l i t t l e  r e s i s t a n c e  to  v is c o u s  f lo w . In  any c a s e ,  th e  • 

r o le  o f  th e  s ie v e  p l a t e s  would be t h a t  o f  p a s s iv e  o b s ta c le s ,  

even i f  th e y  were n o t  s e r io u s  o n e s . E a r l i e r  (1 9 3 1 ), C r a f ts  

had  p u t fo rw ard  th e  v iew  t h a t  m ass flo w  m igh t o ccu r w ith in  

th e  o r ie n te d  s t r u c tu r e  o f  th e  th i c k  h y d ra te d  s ie v e  tu b e  w a l l s .



However, a s  ü u r t l s  (1935 ) p o in te d  o u t ,  th e s e  s u g g e s t io n s  

r e s t  on a  m isc o n c e p tio n  o f  th e  m ech an ic s  o f  th e  p ro b lem ; th e  

im p l ic a t io n s  o f P B is e n i l l e ' s  Law a r e  n o t  a v o id e d  by m e re ly  

s t r a i g h t e n i n g  and a l ig n in g  th e  s t a t i o n a r y  p o ly p e p t id e  o r  

c e l l u lo s e  m a tr ix  th ro u g h  w h ich  flo w  i s  assum ed to  ta k e  p l a c e .  

The c h a n n e ls  o f movement rem ain  e x c e s s iv e ly  narrow ^ and th e  

p r e s s u r e  g r a d ie n t  n eed ed  t h e r e f o r e  c o r re s p o n d in g ly  e x c e s s iv e .  

Thus th e  o n ly  p o s s ib le  a l t e r n a t i v e s  i f  th e  p r e s s u r e  f lo w  

th e o ry  i s  t o  s ta n d  a re  th e  f i r s t  tw o : a  l a r g e  open c h a n n e l

th ro u g h  e a c h  s ie v e  p o re ,  o r  r a p id  movement of th e  cy to p la sm  

i t s e l f .  On each  o f  th e s e  two p o in t s  th e  e l e c t r o n  m icro sco p e  

h a s  th row n  v a lu a b le  l i g h t ,  and th e  p r e s e n t  s tu d y  adds a  l i t t l e  

m ore.

The seco n d  th e o r y ,  t h a t  o f  p ro to p la s m ic  s tre a m in g , was 

f i r s t  p ropounded by de V r ie s  (1 8 8 5 ), and h a s  fo u n d  a  more 

r e c e n t  champion i n  C u r t is  (1 9 3 5 -5 0 ) . At th e  p r e s e n t  tim e 

i t  can n o t be s a id  t o  be w id e ly  h e ld .  T h is  i s  leo’g e ly  b ecau se  

no r e l i a b l e  r e p o r t s  o f  s tre a m in g  i n  m atu re  s ie v e  tu b e s  have 

e v e r  a p p e a re d ; f u r t h e r ,  th e  speed  o f  c y c le s i s  w hich would be 

n e c e s s a ry  t o  s u s t a in  th e  known v e lo c i ty  o f  t r a n s p o r t  a p p e a rs  

* to  be q u i te  in c o n c e iv a b le .  S t r u c t u r a l l y ,  th e  th e o ry  does 

n o t r e q u i r e  th e  s ie v e  p l a t e  p o re s  t o  be open, a s  i t  h a s  been 

commonly su g g e s te d  t h a t  p a ssag e  a c ro s s  th e  p l a t e s  i s  by sim p le  

p h y s ic a l  d i f f u s i o n ,  a  p ro c e s s  to  w hich th e  s t a t i o n a r y



s

cy to p lasm  w ould o f f e r  v e ry  much l e s s  r e s i s t a n c e  th a n  to  

v is c o u s  f lo w . However, i t  i s  v e ry  d i f f i c u l t  t o  m a in ta in  

t h a t  even  w ith  th e  h e lp  o f  c y c lo s i s  d i f f u s io n  c o u ld  be  f a s t  

' enough, and i t  i s  a lm o s t c e r t a i n l y  n e c e s s a ry  t o  assum e t h a t  

th e  cy to p lasm  m ust i t s e l f  move r a p id ly  th ro u g h  th e  p o re s .  

F u r th e r ,  i t  w ould be e x p e c te d  t h a t  i f  th e  p r o t o p l a s t  w ere 

i n  r a p id  c y c lo s i s  t h i s  movement would somehow e x p re s s  i t s e l f  

a t  th e  l e v e l  o f  su b m io ro sco p ic  m orpho logy ; and th u s  from  

b o th  a n g le s  i t  m igh t be  e x p e c te d  t h a t  th e  e v id e n c e  o f  an 

e l e c t r o n  m icro sco p e  s tu d y  would be r e l e v a n t .

l a s t l y ,  t h e r e  i s  a  g roup  o f t h e o r i e s ,  f o r  t h e  m ost p a r tV
r a t h e r  i n d e f i n i t e ,  Which a r e  o f te n  d e s c r ib e d  a s  in v o k in g  

" a c t iv a te d  d i f f u s i o n " .  T h is  te rm  was a p p a re n t ly  f i r s t  

a p p l ie d  by Mason and P h i l l i s  (1 9 3 4 ), who seemed t o  mean by 

i t  t h a t  th e  movement fo llo w e d  th e  p a t t e r n  o f  a  d i f f u s io n  

b u t  was i n  some u n s p e c i f ie d  way speeded  up  by th e  e x p e n d itu re  

o f  m e ta b o lic  e n e rg y . The id e a s  o f  K ursanov (1952) seem to  

b e lo n g  h e r e .  At th e  p r e s e n t  tim e  " a c t iv a te d  d i f f u s io n "  i s  

o f te n  h e ld  to  le a d  to  a  s o r t  o f  m ass flo w  i n  which th e  s o lv e n t  

w a te r  s h a re s  a s  w e ll  a s  th e  s o lu t e s ;  and th e  r e t e n t i o n  cf 

th e  te rm  " d i f f u s io n "  to  d e s c r ib e  th e  p ro c e s s  seems to  be 

j u s t i f i e d  by th e  argum ent t h a t  th e  im p u lse s  w hich s e t  th e  

column moving a re  n o t g e n e r a l ,  l i k e  a  p re s s u r e  g r a d ie n t ,  b u t 

. ex tre m e ly  l o c a l .  Thus i f  i t  i s  su g a r t h a t  i n i t i a l l y
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e x p e r ie n c e s  th e  im p u lse s  th e n  th e s e  m ig h t be c o n c e iv e d  o f 

a s  a r i s i n g  a t  e x tre m e ly  num erous l o c i  i n  th e  c y to p la sm  and 

a s  b e in g  o f  o n ly  m o le c u la r  r a n g e .  The s u g a r  m o le c u le s  a s  

th e y  d i f f u s e d  p a s t  would r e c e iv e  a  'k i c k '  i n  th e  fo rw a rd  

d i r e c t i o n  from  a  m e ta b o l is in g  e lem en t i n  th e  s t a t i o n a r y  

cy to p la sm  (a n d  w ould o f  c o u rs e  t r a n s f e r  some o f th e  e n e rg y  

r e c e iv e d  to  s o lu te  and  o th e r  m o b ile  m o le c u le s ) ;  b u t  th e s e  

'k i c k s ' ,  w h ile  a l l  d i r e c t e d  i n  s u b s t a n t i a l l y  th e  same 

d i r e c t i o n ,  m i ^ t  be c o n s id e r e d  a s  b e in g  o th e rw is e  a d m in is te r e d  

" a t  random "; and t h i s  w ould j u s t i f y  c a l l i n g  th e  w hole 

p ro c e s s  an  " a c t iv a t e d  d i f f u s i o n " ,  th e  i n d iv id u a l  s u g a r  

m o le c u le s , a s  i t  w ere , m aking t h e i r  way s e p a r a t e ly  down th e  

colum n. O b v io u s ly , how ever, i n  v e r y  many im p o r ta n t  r e s p e c t s  

th e  w hole p ro c e s s  i s  v e ry  f a r  from  b e in g  o f  a  d i f f u s i o n a l  

n a t u r e .

F i n a l l y ,  th e  e le c t r o o s m o t ic  th e o r y  o f S panner (1958) 

s u g g e s ts  i n  a  r a t h e r  more e x p l i c i t  way a  p o s i t i v e  r o l e  f c r  

th e  s ie v e  p l a t e s ,  w hich  i t  su p p o ses  a r e  com plex s t r u c t u r e s  

w ith  th e  p o re s  f i l l e d  w ith  c y to p la sm  s u b s t a n t i a l l y  

s t a t i o n a r y ,  and  vshioh a r e  th e m se lv e s  th e  s i t e  o f  th e  m o tiv e  

f o r c e s .  T h is  s u g g e s t io n ,  w hich th e  e le c tr o o s m o t ic  th e o ry  

s h a re s  w ith  some fo rm s o f th e  " a c t iv a te d  d i f f u s io n "  hypo

t h e s i s ,  i s  made more l i k e l y  by  th e  r e c e n t  d is c o v e ry  of E sau  

and G headle (1955) t h a t  i n  mm y d ic o ty le d o n s  a n t i c l i n a l  

d iv i s io n s  i n  th e  seco n d ary  phloem  m o th er c e l l s  le a d  to  more
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num erous s i e v e  p l a t e s  and  s h o r t e r  s i e v e  tu b e  e le m e n ts  th a n  

would b e  e x p e c te d  fro m  th e  l e n g th  o f  t h e  c a m b ia l  i n i t i a l s »

In  c o n f o i ia i ty  v / i th  t h i s  H uber (1 9 5 8 ) , a  s u p p o r te r  o f  th e  

p r e s s u r e - f lo w  th e o r y ,  se e m s  t o  come t o  th e  c o n c lu s io n  t h a t  

th e  s ie v e  p l a t e s  h ave  a  p o s i t i v e  r o l e  t o  p la y  i n  t r a n s -  

l o c a t i o n ;  w hereas  p r e v io u s ly  he c o n s id e re d  them t o  be 

o b s t a c l e s .

\ fh a te v a r  th e  m echanism  o f  m ovem ent, th e  m oving s o l u t io n  

, m ust p a s s  th ro u g h  th e  s ie v e  p l a t e .  T h e re fo re  th e  u n d e r 

s ta n d in g  o f  th e  s t r u c t u r e  o f  th e  s ie v e  p l a t e  seem s e s s e n t i a l  

t o  th e  u n d e r s ta n d in g  o f  i t s  r o l e  i n  t r a n s l o c a t i o n .  H ere 

a g a in  t h e r e  i s  no u n a n im ity  o f  o p in io n  r e g a r d in g  th e  s ie v e  

p l a t e  s t r u c t u r e ,  e s p e c i a l l y  th e  s t r u c t u r e  o f  th e  c o n n e c t in g  

s t r a n d s  i n  th e  s ie v e  p o r e s .  U p - to -d a te  th e r e  a r e  f o u r  

v iew s on i t s  s t r u c t u r e .  H i l l  (1903) was o f  th e  o p in io n  

t h a t  th e  c o n n e c tin g  s t r a n d  i s  a  h o llo w  c y l in d e r  o f  c y to p la sm , 

th u s  a l lo w in g  f o r  th e  v a c u o la r  c o n t i n u i ty  o f  th e  su p e rp o se d  

s ie v e  tu b e  e le m e n ts .  The p re s e n c e  o f  s l im e  i n  th e  s t r a n d  

i n  c u t  m a t e r i a l s  was c o n s id e r e d  a s  an e v id e n c e  f o r  t h i s  

v ie w . H i l l ' s  v iew  o f  th e  p o re  s t r u c t u r e  was a c c e p te d  by 

Munch ( 1930 ) f o r  h i s  m ass f lo w  th e o r y ,  th o u g h  i n  a  l a t e r  

com m unication  i n  1943 hè c la im s  i t  i s  n o t  n e c e s s a r y .  ■ 

M angenot (1926) h o ld s  th e  v iew  t h a t  t h e r e  i s  no c y to p la sm ic  

c o n t in u i ty  from  one s ie v e  e lem en t t o  th e  o t h e r .  The
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c o n n e c t in g  s t r a n d  c o n s i s t s  o f  two h a lv e s ,  e a c h  b e in g  in v e s t e d  

by  t h e i r  own p lasm a m em branes. Salmon (1946) a g r e e s  w ith  

M angenot. A somewhat s i m i l a r  o p in io n  h a s  b e e n a  x p re s s e d  by  

Volz ( 1952 ) f o r  p lasm o d esm ata  and th e  c o n n e c t in g  s t r a n d s  i n  

gymnoaperms and some an g io sp e rm s  on th e  b a s i s  o f e l e c t r o n  

m ic ro sc o p ic  s t u d i e s .

The t l i i r d  v iew  o f  th e  s t r u c t u r e  o f th e  c o n n e c t in g  s t r a n d s  

i s  tChe to  C r a f t s  (1 9 3 9 ), who c o n s id e r s  them  to  be s o l i d  

cy to p la sm , t h e r e  b e in g  no v a c u o la r ,  c o n t i n u i ty  th ro u g h  them .

He c o n s id e r s  th e  p re s e n c e  o f  s lim e  a s  an  a r t i f a c t .  R ousohal 

( 1941 ) i s  a ls o  o f  th e  same o p in io n .  He d e s c r ib e s  th e  

c o n n e c t in g  s t r a n d  t o  be composed n o t  o f  sem i-p e rm eab le  

membrane a lo n e  b u t  o f i n n e r  cy to p lasm  d e l im ite d  by  p la sm o - 

lemma. The r e s u l t  w ould be ab sen ce  o f  a sem i-p e rm eab le  

m embrane. Absence o f  to n o p la s t  would a l s o  add to  th e  

p e r m e a b i l i ty  o f  th e  s ie v e  e le m e n ts .

L a s t ly ,  Schum acher (1939) a g re e s  w ith  C r a f t s  (1939) 

and  R ousohal (1941) r e g a r d in g  th e  s o l i d  c y to p la s m ic  n a tu r e  

o f  th e s e  s t r a n d s ,  b u t adds t h a t  th e  s ie v e  tu b e  e le m e n ts  

r e t a i n  t h e i r  I n d iv id u a l  t o n o p la s t s  even in  m atu re  s t a g e .

These f o u r  v iew s on th e  n a tu r e  o f  th e  c o n n e c tin g  s t r a n d s  

a re  e x p re s se d  d ia g ra m m a tio a lly  in  F ig u re  1 .

T h is  d i f f e r e n c e  o f  o p in io n  r e g a rd in g  th e  s t r u c t u r e  o f 

th e  c o n n e c tin g  s t r a n d s  th u s  demands f o r  them f u r t h e r  

i n v e s t i g a t i o n .  T h is  i s  s p e c i a l l y  d e s i r a b le  in  v iew  o f th e
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c o n v ic t io n ,  r e u n i t i n g  from  th e  more r e c e n t  work i n  th e  

p h y s io lo g ic a l  f i e l d ,  t h a t  th e  s ie v e  p l a t e  v fith  i t s  p o re  

c o n te n t  o c c u p ie s  a  v e r y  im p o r ta n t  p la c e  In  any m echanism  o f 

t r a n s l o c a t i o n .  T h is  n eed  f o r  renew ed i n v e s t i g a t i o n  o f th e  

s ie v e  a r e a s  h a s  b een  em p h asised  by  E sau , C u r r ie r  and  

C headle (1 9 5 7 ).

As a  welcome c o n t r ib u t io n  t o  th e  s o l u t io n  o f  t h i s  

p ro b lem  a  number o f  s t u d i e s  w ith  th e  e l e c t r o n  m ic ro sco p e  

 ̂ have f a i r l y  r e c e n t l y  a p p e a re d . Thus K epton , P r e s to n  and 

E ip le y  (1 9 5 5 ), H ep ton  (1 9 5 7 ), P re s to n  (1958) and Schum acher 

and K ollm ann (1959) have p u b l id ie d  th e  r e s u l t s  o f  e l e c t r o n  

m ic ro sc o p ic  i n v e s t i g a t i o n s  o f  th e  s ie v e  p l a t e  r e g io n .  I t  

i s  o n ly  th e  l a t t e r  w o rk e rs  who c la im  t o  have o b se rv e d  th e  

p re se n c e  o f  a  to n o p la s t  i n  m atu re  s ie v e  e le m e n ts  ; b u t  th e y  

a l l  a g re e  t h a t  th e  c o n n e c t in g  s t r a n d s  a r e  c o n tin u o u s  from  

one s ie v e  e lem en t t o  th e  n e x t  a n d . t h a t  t h e r e  i s  no such 

brealc a s  was p o s tu l a t e d  by M angenot (1 9 2 6 ) . They a l l  l i k e 

w ise  a g re e  t h a t  th e  cy to p la sm  i n  th e  p o re s  i s  w ith o u t th e  

c e n t r a l  v a c u o le  f ig u r e d  by H i l l  (1 9 0 8 ); on th e  c o n t r a r y ,  i t  

a p p e a rs  th ro u g h o u t i t s  c r o s s  s e c t io n  to  b e  p a r t i c u l a r l y  

d e n se . These f in d in g s ,  d e r iv in g  from  such  d i f f e r e n t  ty p e s  

o f n n t e r i a l  a s  P in u s , O u o u rb ita , S o rb u s , T i t l e  and P a s s i f l o r e , 

have such  o u ts ta n d in g ly  im p o r ta n t  im p l ic a t io n s  f o r  t r a n s r  

lo c a t io n  th e o ry  t h a t  i t  seemed w o rth w h ile  to  c a r r y  on an
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i n v e s t i g a t i o n  on a  s u b j e c t  v e r y  d i f f e r e n t  a g a in  from  t h e s e ,  

and  on w h ich  p h y s i o l o g i c a l  work was b e in g  c o n c u r r e n t ly  

u n d e r ta k e n .

f  '.-At

w--

__



MAIEIIIALS AND ÎÆBTH0D3

1 . C hoice o f  th e  p l a n t  m a t e r i a l

H av in g  once d e f in e d  th e  scope  o f  th e  p r e s e n t  i n v e s t i 

g a t io n  th e  m a t te r  t o  be s e t t l e d  f i r s t  l a  th e  c h o ic e  o f  th e  

p l a n t  m a t e r i a l .  C o r r e l a t i o n  o f  th e  r e s u l t s  o b ta in e d  from  

th e  s tu d y  o f  phloem  s t r u c t u r e  and  f u n c t io n  c o u ld  be a t te m p te d  

on a  so u n d e r  b a s i s  i f  th e  same p l a n t  m a t e r i a l  i s  u s e d  i n  b o th  

e l e c t r o n  m ic ro s c o p ic  and  p h y s io l o g ic a l  i n v e s t i g a t i o n s .

H aving t h i s  i n  m ind , N ym phoides p e l ta tu m  (G m el.) O.Kunze was 

s e l e c t e d  a s  th e  e x p e r im e n ta l  p l a n t  and i t s  p e t i o l e  a s  th e  

e x p e r im e n ta l  m a t e r i a l .  I t  i s  ocmmonly r e f e r r e d  t o  a s  th e  

f r i n g e d  w a t e r - l i l y  and  b e lo n g s  t o  t h e  d ic o ty le d o n o u s  fa m ily  

M snyan thaceae  (C lapham , T u t in  and  W arburg, 1 9 5 2 ). I t s  o th e r  

synonyms a r e  Limnanthemum p e l ta tu m  (G m el.)  and I i .- Bgmphaeo i d es 

(L . ) l i n k .  I t  i s  a  h y d ro p h y te  w ith  l o n g - p e t i o l e d  f l o a t i n g  

l e a v e s  and  c r e e p in g  rh iz o m e s ;  and i n  f a c t  i t  p r o v id e s ,  i n  

i t s  p e t i o l e s ,  lo n g  u n ifo rm  u n in t e r r u p te d  o rg a n s  w h ich  i t  was 

e x p e c te d  w ould be v e r y  s u i t a b l e  f o r  s tu d y in g  th e  movement o f  

t r a c e r  m a t e r i a l s .  The p e t i o l e  h a s  a  s im p le  anatom y w i th  a  

l a r g e  c e n t r a l  v a s c u la r  b u n d le  and  u s u a l l y  two t o  f o u r  s m a l le r  

o n e s ; f u r t h e r ,  th e  c e n t r a l  b u n d le  i s  su rro u n d e d  by a  b ro a d  

zone o f  v e r y  open a e r a t i n g  t i s s u e .  Thus th e  a b a x ia l  segm ent 

o f  th e  p e t i o l e  can  be e a s i l y  shaved  o f f  w ith  a  r a z o r  b la d e
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l e a v in g  v e r y  l i t t l e  t i s s u e  s t i l l  c o v e r in g  th e  ph loem ; t h i s  

i s  im p o r ta n t  when sc a n n in g  th e  l i v i n g  o rg a n  w ith  an  end  

window G e ig e r  c o u n te r  a f t e r  th e  a s s i m i l a t i o n  by  th e  l e a f  o f  

r a d i o a c t i v e  c a rb o n  d io x id e .  T hese  f e a t u r e s  a r e  shown i n  

th e  t r a n s v e r s e  s e c t i o n .  ( P l a t e  1)

So f a r  a s  i t s  s u i t a b i l i t y  f o r  e l e c t r o n  m ic ro s c o p ic  

i n v e s t i g a t i o n  i s  c o n c e rn e d , i t  c a n  be m e n tio n e d  t h a t  th e  

p e t i o l e  c o n s i s t s  e n t i r e l y  o f  p r im a ry  t i s s u e .  H ard and 

com pact g ro u n d  t i s s u e  i s  a b s e n t ,  and a s  a  co n seq u en ce  th e  

phloem  i s  f a i r l y  e a s i l y  a c c e s s i b l e .  As f a r  a s  c o u ld  be 

s e e n  from  p r e l im in a r y  i n v e s t i g a t i o n s ,  t h e r e  i s  no a c c u m u la tio n  

o f  th e  s o - c a l l e d  s lim e  a t  th e  s ie v e  p l a t e  even  i n  th e  somewhat 

l e s s  c a r e f u l  p r e p a r a t i o n s  made f o r  o p t i c a l  m ic ro sc o p y .

( P l a t e  2) F u r th e r ,  Bym phoides p e l ta tu m  r e p r e s e n t s  a  p l a n t  

ty p e  n o t  so  f a r  i n v e s t i g a t e d  w i th  th e  e l e c t r o n  m ic ro sc o p e ; 

and  a s  i t  tu r n e d  o u t ,  i t  p o s s e s s e s  t o  q u i t e  a  m arked d e g re e  

th e  i n t e r e s t i n g  f e a t u r e  o f  w e l l -d e v e lo p e d  n a c re o u s  w a l ls  t o  

th e  s ie v e  t u b e s .

On th e  b a s i s  o f  th e  f i n d i n g s  o f  C head le  and  i h i t f o r d  

( 1941 ) and C head le  (1 9 4 8 ), i t  was e x p e c te d  t h a t  th e  s ie v e  

e le m e n ts  i n  t h e  p e t i o l e  o f  t h i s  h y d ro p h y te  w ould have s im p le  

and ad v an ced  ty p e  s ie v e  p l a t e s  on th e  t r a n s v e r s e  end w a l l s .  

A cco rd in g  t o  E sau  and C head le  (1 9 5 9 ) , s im p le  s ie v e  p l a t e s  

w ould have  b o th  l a r g e  p o re s  an d  l a r g e  c o n n e c t in g  s t r a n d s .
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PL/iTE 1# T*3* p e t i o l e  show ing g e n e r a l  f e a tu r e s #

S ta in e d  In  s a f r a n l n  and  h aem a to x y lln #  Xi|5
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PLATE 2, L.8. VüGoulmr bimâle showing ubsence o f slloe
at the sieve plate with conventional preparation for 
optleal microsoopy. Stained in safranin and
haem;toxylln, X705
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Suoh s ie v e  p l a t e s ,  i t  was e x p e c te d , would e a s i l y  y i e l d  t o  

e l e c t r o n  m ic ro s c o p ic  e x a m in a tio n .

Nymphoides was found  f a i r l y  e a sy  to  grow i n  ta n k s  ab o u t 

18 in c h e s  deep i n  th e  l a b o r a to r y  window and  i n  a  l a r g e  

c o n c re te  ta n k  u n d e r th e  g reen h o u se  s ta g in g ;  a r t i f i c i a l  

( tu n g s te n )  l i g h t  o f  ab o u t 175-200 f t ,  c a n d le s  was p ro v id e d  

f o r  a b o u t 16 h o u rs  p e r  d ay . Growth d u r in g  th e  w in te r  m onths 

te n d e d  to  be p o o r , some o f  th e  le a v e s  re m a in in g  s tu n te d  and 

open in g  u n d e r  w a te r ;  and t h i s  n a t u r a l l y  h in d e re d  p h y s io lo g ic a l  

w ork . The i n d iv id u a l  p l a n t s  w ere grown in  s e v e n - in c h  p o ts  

30 t h a t  th e y  co u ld  be e a s i l y  moved when r e q u i r e d .  F u r th e r  

d e t a i l s  o f  th e  m ethod o f  g ro w in g  them in  th e  l a b o r a to r y  a re  

g iv en  i n  th e  p h y s io lo g ic a l  s e c t i o n .

2 . F ix a t io n  f o r  e l e c t r o n  m ic ro sco p y

F ix a t io n  i s  th e  m oat c r i t i c a l  p a r t  o f  th e  p r e p a r a t iv e  

te c h n iq u e  f o r  e l e c t r o n  m ic ro sc o p y . Among b o ta n i c a l  s u b je c t s  

t h i s  seems to  be s p e o ia l l y  t r u e  i n  th e  c a se  o f s ie v e  tu b e s ,  

w hich have a p p a re n t ly  te n u o u s , d e l i c a t e ,  e a s i l y  i n j u r e d  

p r o t o p l a s t s .  A f u r t h e r  d i s t in g u i s h in g  f e a tu r e  o f  th e  s ie v e  

tu b e s  i s  t h e i r  h ig h  tu r g o r  p r e s s u r e  and th e  e a se  w ith  which 

t h e i r  c o n te n ts  can  be d is p la c e d  l o n g t i t u d i n a l l y .  Thus i f  

th e  i n t e r n a l  p re s s u re  i s  r e le a s e d  to o  su d d en ly  th e  c o n te n ts  

s u f f e r  v i o l e n t  movement. These c o n s id e r a t io n s  demand s p e c ia l  

h a n d lin g  o f  th e  m a te r ia l  d u r in g  f i x a t i o n .  In  v iew  o f  t h i s .
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a  p a r t  o f  th e  p r e s e n t  i n v e s t i g a t i o n  was d e v o te d  to  f i n d i n g  

a  s u i t a b l e  te c h n iq u e .  T h is ,  how ever, i s  a  p rob lem  i n  I t s e l f  

and r e a l l y  demanded more .tim e th a n  c o u ld  be s p a r e d .

I t  i s  c o n s id e re d  d e s i r a b le  to  d i s c u s s  th e  f i x a t i o n  

te c h n iq u e s  so f a r  a v a i l a b le  so a s  t o  form  a  backg round  to  

w hat i s  t o  f o l lo w .

B r e t s c h n e id e r  and B lb e rs  (1952) t r i e d  p h y s ic a l  f i x a t i o n  

by f r e e z e - d r y in g  th e  sp ec im en . T h is  d id  n o t  p ro v e  s a t i s f a c t o r y .  

E le c tro n  m io ro s c o p is ts  owe a  g r e a t  d e a l  t o  P a la d e  (1 9 5 2 ) , who 

gave th e  b e s t  g e n e ra l  chem icsil f i x a t i v e  so f a r  a v a i l a b l e .  He 

recommended 1^  OSO  ̂ s o l u t io n  b u f f e r e d  to  pH 7 .3  -  7 .5 ,  a  n e a r 

n e u t r a l  pH, w ith  v e r o n a l - a c e ta t e  b u f f e r ;  and t h i s  h a s  p ro v ed  

h ig h ly  s a t i s f a c t o r y  fo r  many an im a l t i s s u e s .  I t  i s  n o t  

s u r p r i s in g ,  t h e r e f o r e ,  t h a t  a t te m p ts  were made to  im prove 

t h i s  f i x a t i v e  r a t h e r  th a n  to  f i n d  an  a l t e m a t i v e .  As a  

r e s u l t  o f f u r t h e r  s tu d ie s  th e  fo llo w in g  recom m endations 

em erged1

(1 ) F ix a t io n  shou ld  be c a r r i e d  o u t a t  a  te m p e ra tu re  n e a r  z e r o .

(2 )  The f i x a t i v e  shou ld  p r e f e r a b ly  be n e a r ly  i s o to n ic  to  th e

c e l l  c o n te n ts ,  * '

(3 )  S h o r t f i x a t i o n  i s  t o  be p r e f e r r e d .  P a lad e  (1954 ) 0

c o n s id e r s  f i x a t io n  tim e s  o f 30 m in u te s  t o  2 h o u rs  to  be |

m ost s a t i s f a c t o r y • " - "

(4 ) The e n t i r e  p rocedu re  o f f i x a t i o n ,  d e h y d ra tio n  and  b r in g in g

th e  specim en to  th e  embedding medium dxould  be com pleted

w ith in  6 to  8 h o u rs .



21

W ith t h i s  b ack g ro u n d  i n  mind i t  was d e c id e d  t o  u se  If»

OSO^ b u f f e r e d  to  pH 7 w ith  v e r o n a l - a c e ta t e  b u f f e r  and t o  c a r r y  

o u t f i x a t i o n  a t  0° -  4°C . The p e r io d  o f  f i x a t i o n ,  d e h y d ra t io n  

and so a k in g  i n  m e th a c r y la te ,  th e  em bedding medium, was l im i t e d  

t o  n o t more th a n  8 h o u r s .  H aving d e c id e d  th e s e  p o i n t s ,  

s t u d i e s  w ere c a r r i e d  o u t t o  d e te rm in e  th e  e f f e c t  o f  d u r a t io n  

o f  f i x a t i o n  and th e  t o n i c i t y  of th e  f i x a t i v e .

Two s u b s ta n c e s  have b een  u se d  to  c o n t r o l  th e  t o n i c i t y  

o f  th e  f i x a t i v e .  Hhodin (1954) u se d  NaCl, w hereas  C a u l f ie ld  

(1957) u se d  s u c ro s e .  The fo rm e r i s  an  e l e c t r o l y t e ,  th e  

l a t t e r  a  n o n - e l e c t r o l y t e .  S ince i t  i s  known t h a t  f i x a t i o n  

can  be a f f e c te d  by s p e c i f i c  i o n s ,  and  th e  f i x a t i v e  a l r e a d y  

c o n ta in e d  Na io n s ,  i t  was d e c id e d  to  u se  s u c ro s e  t o  c o n t r o l  

th e  t o n i c i t y .  Sohumacher and K ollm ann (1959) have a l s o  u se d  

s u c ro se  i n  th e  f i x a t i v e  i n  c o n n e c tio n  w ith  t h e i r  r e c e n t  s tu d y  

on th e  s ie v e  tu b e s  o f P a s s i f l o r e  c o e r u le a . and o b ta in e d  v e ry

good r e s u l t s .

The ch o ice  o f  pH 7 f o r  th e  f i x a t i v e  was d e c id e d  on 

l a r g e l y  f o r  re a s o n s  o f  p r e c e d e n t .  C u r r ie r ,  î s a u  and  G headle 

(1955) had  u sed  su c ro se  s o lu t io n  b u f f e r e d  to  pH 7 i n  t h e i r  

p la s m o ly t ic  s tu d ie s  of phloem , and H epton  (1957) h ad  u se d

a,t pH 7 f o r  f i x a t i o n  o f s ie v e  tu b e s .  He had  a ls o  abown 

t h a t  f i x a t i o n  a t  r e l a t i v e l y  h ig h  pH was u n s a t i s f a c to r y .  

Schum acher and Kollmann (1959) had  a ls o  c a r r i e d  o u t f i x a t i o n
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a t  pH 7 .  F in a lly ,*  B id d u lp h  and Gory (1957) h av e  r e p o r t e d  

t h a t  th e  ap p ro x im ate  pH o f  th e  phloem  t i s s u e  i s  7 .2 ,  s l i g h t l y  

a l k a l i n e ;  a t  any r a t e ,  pH 7 g iv e s  th e  lo w e s t p o in t  

G o n o e n tra tio n  o f  th e  p h y s ic o -c h e m ic a l ly  v e ry  a c t i v e  H'*' and 

OH- i o n s .

Thus th e  f i r s t  f i x a t i v e  t r i e d  was 1^ O8O4 b u f f e r e d  t o  

pH 7 w ith  v e r o n a l - a c e ta t e  b u f f e r  w i th  o r w ith o u t th e  a d d i t io n  

o f  e i t h e r  0.5^î o r  M  s u c ro s e .  The f i x a t i o n  was c a r r i e d  o u t  

a t  0® -  4 ®G e i t h e r  f o r  i  h o u r o f  1 . The m a t e r i a l  fo r .^  

f i x a t i o n  was o b ta in e d  in  th e  fo l lo w in g  way:

The p e t i o l e  was f i r s t  clam ped n e a r  i t s  b a s a l  end 

betw een  th e  two arms o f  a  s p r in g  c lo th e s  peg  t o  c n l la p g e  

th e  s ie v e  e lem en ts  and p re v e n t  f lo w . I t  was th e n  s e v e re d  

from  th e  r o o t - s to c k .  The pe t i d e  was a g a in  d a m p e d  by 

a n o th e r  peg  a t  a  d i s ta n c e  o f  ab o u t 3 in c h e s  from  th e  f i r s t .

AO. 5 t o  l.mm. th i c k  s l i c e  of th e  in c lu d e d  p e t i o l e  was c u t  

from  th e  m idd le  o f  th e  3- in e h  l e n g th ,  by making tw o c u ts  

s im u lta n e o u s ly  w ith  a  r a z o r  b la d e  assem b ly , and t r a n s f e r r e d  

im m ed ia te ly  to  th e  f i x a t i v e .  Three t o  f o u r  p e t i o l e  s e c t i o n s  

0 . 5 -1  mm. t h i c k  were e a s i l y  o b ta in e d  by t h i s  te c h n iq u e  from  

th e  whole le n g th  o f  th e  p e t i o l e .  I t  was presum ed t h a t  by 

th e  doub le  c u t t i n g  method l o n g t i t u d i n a l  s u rg e s  o f th e  

c o n te n ts  due to  sudden r e le a s e  o f  tu r g o r  would be  a v o id e d .

I t  sh o u ld  be  n o te d  th a t  th e  s ie v e  tu b e  e le m e n ts  o f
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Nympholdes p e l b a t m  a re  ab o u t 0 .2  mm. lo n g . Thus a  s e c t i o n  

0 .5  mm. t h i c k  would c o n ta in  a t  m ost two unopened s ie v e  tu b e  

e le m e n ts  a s  shown i n  f i g u r e  2 . Under th e s e  c o n d i t io n s  i t  was

0  5 MM

0.2 MM 0 2  MM

SIEV E-TUBE

F ig u re  2 .

e x p e c te d  t h a t  th e  f i x a t i v e  would p e n e t r a t e  r a p id l y  i n  a  

l o n g t i t u d i n a l  d i r e c t i o n ,  and t h i s ,  i t  was th o u g h t ,  w ould be  

h e lp f u l  w ith  a  s u b s ta n c e  l i k e  OsO^ whose p e n e t r a t in g  power 

f o r  p l a n t  t i s s u e  h a s  been  r e p o r t e d  t o  be low . B ecause su ch  

s h o r t  le n g th s  o f  th e  s ie v e  tu b e  colum ns w ere su d d en ly  l a i d  

open to  th e  f i x a t i v e ,  th e  su c ro se  c o n te n t  o f  th e  l a t t e r  was 

made e q u a l  t o  w hat th e  sa p  m igh t be e x p e c te d  to  c o n ta in ,  a  

f i g u r e  o f  10-25^ (e q u a l  a p p ro x im a te ly  t o  0 .3  to  0 .7  M) h a v in g  

o f te n  been  su g g e s te d  f o r  th e  l a t t e r .  Towards th e  end o f 

t h i s  i n v e s t i g a t io n  an ap p ro ach  to  th e  prob lem  o f t i s s u e  

p r e p a r a t io n  was t r i e d  more a k in  to  t h a t  u se d  by o th e r  w o rk e rs  

( C u r r ie r ,  Esau and G head le, 1955; H epton , 1957; Schum acher 

and K ollm ann, 1959). F o llo w in g  th e  l a t t e r  a u th o r s ,  5-6 in c h  

le n g th s  c f p e t io l e  were p la c e d  i n  0 .2  M s u c ro se  b u f f e r e d  a t
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pH 7 w ith  u s u a l l y  0 .0 1  M p h o sp h a te  b u f f e r  a l s o  c o n ta in in g  

0 .0 0 1  M Ca(N0^)2 f o r  2 h o u rs  t o  red u ce  t h e i r  t u r g o r .  They 

w ere th e n  t r a n s f e r r e d  to  a  s im i l a r  s o lu t io n  w ith  0 .2 5  M 

s u c ro s e ,  and s u i t a b l e  p ie c e s  o f  th e  phloem  c u t  o u t w h ile  

im m ersed. F i n a l ly  th e s e  p ie c e s  w ere p la c e d  in  th e  osmium 

f i x a t i v e  c o n ta in in g  0 .3  M. s u c ro se  and th e  above m en tio n ed  

b u f f e r .  The r e l a t i v e  m e r i t s  o f  th e  two modes o f  p r e p a r a t io n  

w i l l  a p p e a r i n  th e  su b se q u e n t p r e s e n t a t io n  o f  r e s u l t s .

The f ix e d  m a t e r i a l s  w ere f i n a l l y  washed i n  d i s t i l l e d  

w a te r  and d e h y d ra te d  i n  an e t h y l  a lc o h o l  s e r i e s  a s  u s u a l .

When u s in g  S ch u m ach er's  s c h e d u le  th e  s e c t io n s  were w ashed 

w ith  th e  p h o sp h a te  b u f f e r  c o n ta in in g  0 .3  M. su c ro se  and th e n  

d e h y d ra te d ; a t  70^ a lc o h o l  th e  s e c t io n s  were t r a n s f e r r e d  to  

a lc o h o l  c o n ta in in g  1^ p h o s p h o tu n g s tic  a c id  and 0.5?5 u ra n y l  

a c e t a t e .  The fo rm e r i s  a n  e l e c t r o n  s t a i n  w hereas u r a n y l  h a s  

been  r e p o r te d  by  Ward (19 5 8 ) to  re d u ce  th e  phenomenon o f  

c e l l  e x p lo s io n  d u r in g  m e th a c ry la te  em bedding. From a b s o lu te  

a lc o h o l  th e  s e c t io n s  were t r a n s f e r r e d  to  a  50 : 50 m ix tu re  o f  

a lc o h o l  and m e th a c ry la te  monomers f o r  h a l f  an  h o u r . They 

were th e n  soaked  i n  th r e e  ch an g es  o f  m e th a c ry la te  f o r  h a l f  

an  h o u r each  p r i o r  to  f i n a l  em bedding. In  each  c a s e ,  t h e  

m e th a c ry la te  c o n ta in e d  2^ L uperco , and th e  monomer was 

u s u a l ly  a  10 : 1 m ix tu re  o f  th e  b u ty l  and m eth y l e s t e r s .

The d e t a i l s  o f  th e  te c h n iq u e  a re  g iv e n  in  S chedu les 1 and 2 .
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Low and Freem an (1 9 5 6 ), In  an a t te m p t to  f i n d  an 

a l t e r n a t i v e  t o  OeO^ f i x a t i o n ,  t r i e d  chromium com pounds, b u t 

came to  th e  c o n c lu s io n  t h a t  th e s e  w ere n o t  a s  s a t i s f a c t o r y  

a s  th e  fo rm e r . At ab o u t th e  same tim e  L u ft (1956) e x p e rim e n te d  

w ith  KMnO  ̂ and  came to  th e  c o n c lu s io n  t h a t ,  w h ile  i t  would n o t  

r e p la c e  OsO^ a s  a  g e n e r a l  p u rp o se  f i x a t i v e ,  i t  gave e x c e l l e n t  

r e s u l t s  w ith  membrane sy stem s w i th in  th e  c e l l ;  i n  f a c t ,  i t  

seemed a lm o s t s p e c i f i c  f o r  th e  endop lasm ic  r e t ic u lu m .

R e c e n tly  KMnO  ̂ h a s  been  u se d  r a t h e r  s u c c e s s f u l ly  by W haley, 

M o llen h au er and K ep h a rt (1959) i n  t h e i r  s tu d y  o f  m aize  r o o t  

cap c e l l s .  The te c h n iq u e  o f  EltoO^ f i x a t i o n  h a s  b een  d is c u s s e d  

i n  ,a more r e c e n t  pgp e r  by M ollenhauer (1 9 5 9 ) . H ere he s t a t e s  

t h a t  5j4 u n b u ffe re d  EMnO  ̂ g iv e s  e x c e l le n t  f i x a t i o n  w ith  a s  s h o r t  

a  f i x a t i o n  tim e  a s  2 m in u te s ;  how ever, f i x a t i o n  w ith  2^

KMnO  ̂ a t  room te m p e ra tu re  f o r  2 h o u rs  i s  t o  be p r e f e r r e d .  As 

th e  r e s u l t  o f  KMnO  ̂ f i x a t i o n  a p p e a rs  v a ry  i n t e r e s t i n g ,  i t  was 

d e c id e d  to  t r y  t h i s  te c h n iq u e  a s  w e l l ,  b u t u s in g  d i f f e r e n t  

f i x a t i o n  tim e s  o f 5, 10 o r  15 m in u te s . The m ethod o f  

o b te iin in g  m a te r i a l  f o r  f i x a t i o n  was th e  same a s  d e s c r ib e d  

p r e v io u s ly .  The d e t a i l s  o f f i x a t i o n ,  d e h y d ra tio n  and 

em bedding a re  g iv e n  i n  S chedu le  3»

3 . F ix a t io n , o p t i c a l  m icroscopy

F or o p t i c a l  m icroscopy  m a te r i a l  was f ix e d  i n  G raf I I I  

f o r  17 h o u r s ,  ru n  up th e  a lc o h o l  s e r i e s  and f i n a l l y  embedded



2 6

i n  wax o f  m e lt in g  p o in t  52®0 i n  th e  u s u a l  way. G ra f I I I  i s  

one o f th e  N aw aschin ty p e  o f  f i x a t i v e  h av in g  th e  fo l lo w in g  

o o m p o s itio n i-

S o lu tio n  A

S o lu tio n  B

lÿ» chrom ic a o id  30 m l.

IO5» a c e t i c  a o id  20 m l.

40ÿb aqueous fo rm ald eh y d e  10 m l.

w a te r  40 m l.

S o lu tio n s  A and  B a re  m ixed i n  e q u a l  q u a n t i t i e s  j u s t  b e f o re  

f i x a t i o n .

T h is  f i x a t i v e  was u se d  b ec au se  i t  was c o n s id e re d  by 

G head le, G if fo rd  and I s a u  (1953) to  be  th e  m ost s u c c e s s f u l  

k i l l i n g  f l u i d  f o r  phloem  p r e p a r a t i o n .  M oreover, i t  had  been

u se d  by G headle and Eaau (1958) i n  t h e i r  s tu d y  o f  th e

sec o n d a ry  phloem  o f  C a ly c a n th a c e a e  and a g a in  by Esau and 

G headle (1958) i n  t h e i r  s tu d y  o f  w a ll  th ic k e n in g  i n  s ie v e  

e lœ a e n ta . A cco rd ing  to  S ass (1 9 4 0 ) , a  N aw aschin ty p e  f i x a t i v e  

i s  an  e x c e l l e n t  h a rd e n in g  and p r e s e r v in g  a g e n t, and does n o t 

r e q u i r e  w ashing o u t i n  w a te r .  T h is  a v o id s  th e  s o f te n in g  and

p u lp in g  o f  m a te r i a l  w hich m ig h t o cc u r a s  a  r e s u l t  o f

p ro lo n g e d  w ash ing , s p e c ia l l y  i f  th e  m a te r i a l ,  l i k e  th e  p e t i o l e  

of N. p e l ta tu m , i s  i n t r i n s i c a l l y  s o f t  and d e l i c a t e .

♦ . a S s M lB S  . ,  ,

A m ix tu re  o f n - b u ty l  and m eth y l m e th a c ry la te  i n  th e  

j r o p o r t i o n  o f  10 t 1 was u sed  a s  an em bedding medium. The
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em bedding o f th e  f i x e d  and deh j'-d ra ted  s e c t io n s  was c a r r i e d  

o u t by su sp en d in g  them  in  th e  monomer m ix tu re  i n  g e l a t i n  

c a p s u le s  by means o f  a  p ie c e  o f  v e ry  f in e  v / i r e .  T h is  h e lp e d  

i n  th e  o r i e n t a t i o n  o f th e  s e c t io n  and in  a d d i t io n  r e t a i n e d  i t  

i n  th e  c e n tr e  o f th e  b lo c k , a  c irc u m s ta n c e  w hich  gave g r e a t e r  

scope when i t  was b e in g  f i n a l l y  e x c is e d  f o r  m o u n tin g . The 

f r e e  end o f  th e  w ire  was p a s s e d  th ro u g h  a  h o le  p ie r c e d  i n  th e  

c a p su le  a s  shown in  F ig u re  3*

F ig u re  3 .
i

The u se  o f th e  m e th a c ry la te  a s  an em bedding medium was 

f i r s t  r e p o r te d  by  Newman, B orysko and Swerdlow (1949)4 ™ 

su b se q u e n tly  B orysko (1956) r e p o r te d  t h a t  c u r in g  o f  th e  

monomer a t  60°C red u ced  p o ly m e r is a t io n  damage. P o ly m eri

s a t i o n  o f th e  monomer m ix tu re  was th e r e f o r e  c a r r i e d  o u t by 

h e a t in g  i t  a t  60®C f o r  24 h o u rs  w ith  th e  a d d i t io n  o f  2$S o f  

Luperco CDB, th e  t r a d e  name o f  a  c a t a l y s t  c o n s i s t in g  o f
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50^ 2 , 4 -d ic h lo ro to e n z o y l p e ro x id e  I n  d lb u ty l ’* p h t h a l a t e .

Embedding o f th e  s e c t io n s  in  A r a ld i t e ,  a s  reoonunended 

by G la u e r t  and G la u e r t  (1 9 5 8 ), was a ls o  t r i e d .  T h is  p ro v e d  

d i f f i c u l t  on a c c o u n t o f  th e  h i ^  v i s c o s i t y  o f  th e  r e s i n .

As i t  a l s o  i d e a l l y  c a l l s  f o r  th e  u se  o f  a  diamond k n i f e ,  and  

th e  p ro to ty p e  k n i f e  a v a i l a b l e  p ro v ed  i n s u f f i c i e n t l y  even  and 

s h a rp ,  th e  u se  o f t h i s  medium was abandoned . However, i t  

w ould seem t o  o f f e r  a d v a n ta g e s  i n  th e  m a n ip u la t io n  o f  p l a n t  

m a te r i a l  owing to  i t s  s u p e r io r  s t r e n g th ,  a d h e s iv e n e s s , and 

th e rm a l s t a b i l i t y ,  a s  w e l l  a s  i t s  re d u c e d  c o n t r a c t io n  on 

p o ly m e r is a t io n .  A r a ld i t e  s e c t io n s  have a lso  been  r e p o r te d  

to  r e q u i r e  no s u p p o r t in g  f i lm ;  t h e i r  employment i n  b o ta n ic a l  

w ork, f o r  a  v a r i e t y  o f  r e a s o n s ,  m igh t th e r e f o r e  be w orth  

f u r t h e r  i n v e s t i g a t i o n ,  f e t ’

, M

J U Æ
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SCffiîDULES FOR FIXATION, DEHYDRATION AND DTCBEDDING

The e a r l i e r  work w hich was done em ployed th e  fo l lo w in g

sch e d u le  :
'  '  ■

S chedu le  1

1 . S e c tio n s  f i x e d  f o r  o r  1 h o u r a t  6 -4 ®0 in  1;?» OsO^ 

b u f f e r e d  t o  pH 7 w ith  v e r o n a l - a c e ta t e  b u f f e r  w ith  o r  

w ith o u t th e  a d d i t io n  o f  0 .5  o r  IM s u c ro s e .

2 . Thorough w ash in g  i n  th r e e  ch an g es  o f d i s t i l l e d  w a te r  f o r  

10 m in u te s  e a c h ,
%

3 . D eh y d ra tio n  i n  20^, 50^, 7 0 ^ , 90?  ̂ and a b s o lu te  a lc o h o l  

f o r  30 m in u te s  e a c h .

4 . S e c tio n s  t r a n s f e r r e d  to  a b s o lu te  a lc o h o l ,  two changes o f  

30 m in u te s  e a c h .

5 . T ra n s fe re n c e  t o  50 /50  a b s o lu te  a lc o h o l /m e th a c r y la te  f o r  

30 m in u te s .

6 . Soaking in  t h r e e  changes o f  m e th a c ry la te  w ith  c a t a l y s t  

f o r  30 m in u te s  e a c h .

7 . F in a l  embedding in  m e th a c ry la te  in  g e l a t i n  c a p s u le s  n o .00 

and p o ly m e r is a t io n  a t  60®C f o r  24 h o u i 's .
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As m en tio n ed  e a r l i e r ,  a  r a t h e r  d i f f e r e n t  mode o f  

p r e p a r a t io n  was t r i e d  l a t e r .  T h is  fo llo w e d  s u b s t a n t i a l l y  

th e  m ethod u se d  f o r  p la s m o ly t ic  s tu d ie s  by C u r r i e r ,  E sau  

and G headle (1 9 5 5 ); and f o r  m ic ro sc o p ic  e x a m in a tio n  by 

H epton ( 1957 ) ,  and by Schumacher and Kollmann (1 9 5 9 )« The 

Whole p ro c e d u re  may be o u t l in e d  a s  f o l lo w s :

S chedu le  2

1 . Pour t o  f i v e  in c h  l e n g th s  o f  p e t i o l e  p r e t r e a t e d  f o r  2 

h o u rs  i n  0 .2  M su c ro se  s o lu t io n  b u f fe re d  to  pH 7 w ith

O.OIM p h o sp h a te  b u f f e r  a l s o  c o n ta in in g  0 .0 0 1  M Ga(N0 3 ) 2 .

2 . The c e n t r a l  two in c h  p o r t i o n s  e x c is e d  and Immersed f o r  

1 h o u r in  a  s im i l a r  s o lu t io n  c o n ta in in g  0 .2 5  M a i c r o s s .

3 . S e c tio n s  0 .5 - 1  mm. t h i c k  from  th e  c e n t r e  o f  th e  two in c h  

le n g th s  f ix e d  f o r  j t  h o u r a t  0- 4 ®C i n  OSO4 b u f f e r e d  t o  

pH 7 w ith  th e  above p h o sp h a te  b u f f e r  c o n ta in in g  0 .3  M 

s u c ro s e .

4 . S e c tio n s  washed w ith  p l a i n  b u f f e r  s o lu t io n  c o n ta in in g

0 .3  M su c ro se  f o r  15 m in u te s .

5 . D eh y d ra tio n  in  20^, 50^ and 70^ a lc o h o l  f o r  15 m in u te s  

e a c h .

6 . Prom 70^  a lc o h o l  s e c t io n s  t r a n s f e r r e d  to  a  s o lu t io n  o f

p h o sp h o tu n g s tic  a c id  and 0 ,5 ^  u ra n y l  a c e ta t e  in
sm m Si

a lc o h o l  f o r  15 m in u te s .

7 . D eh y d ra tio n  c o n tin u ed  i n  90^ and a b s o lu te  a lc o h o l  f o r  1 ^

m in u te s  e a c h . -
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8 . S e c t io n s  f i n a l l y  embedded i n  m e tlm c ry la te  a s  i n  th e

f i r s t  s c h e d u le . ' i . ' i  ■■ ■: : £.  * t .  ' .  -  v  -

■ i ü  ; n ' '  - I  '

- - . mWM:

' : ayyc e ,  Thf ;Ci^3Ba s«te«ydmAf

/.'  ̂ ÿ fc:T ')( 10 « r  1% m)).:('%,« a t  j‘y.% i#_

''̂ ''4% ïSèif-0 4 «

. - «-y- soitfe ^mÀOiw:. 'j* f l W t
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One f i n a l  vaa’l a n t  t r e a tm e n t  was s u g g e s te d  by  th e  

s u o c e s s fu l  u se  o f  p erm anganate  by W haley, M o llen h au er and 

K ephart (1959) f o r  th e  f i x a t i o n  o f  m aize r o o t  o e l l s .  These 

a u th o r s  o b ta in e d  v e ry  good p r e s e r v a t io n  o f membrsne s t r u c t u r e s  

by  t h i s  f i x a t i v e ;  and i t  was f e l t  t h a t  i t s  u se  m ig h t r e v e a l  

some o f  th e  f i n e  s t r u c t u r e  o f  th e  n o rm a lly  e le c t r o n - d e n s e  

m a te r i a l  i n  th e  s ie v e  p l a t e  p o r e s .  The f i x i n g  s c h e d u le  was 

a s  f o l lo w s :

Sohedule 3

1 . S e c t io n s  f i x e d  f o r  5, 10 o r  15 m in u te s  a t  24®G in  

u n b u ffe re d  55̂  EMnO ,̂.

2 . D e h y d ra tio n  and em bedding, w ith o u t w ash in g , a s  i n  f i r s t  

s c h e d u le . . .

' #  a m -  ift® «
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5 . M cro tom y

M eth ac iy la te -e rab ed d ed  b lo c k s  w ere c u t ,  u s in g  g l a s s  

lœ iv eü  ( L a t ta  and H artm ann, 1950) p re p a re d  i n  th e  c o n v e n tio n a l  

way, on a  m o d if ie d  Cambridge H ocking m icrotom e di own i n  

F ig u re  4- S e c t io n s  w ere f i r s t  c u t  a t  l^ .p  and exam ined by  

phase  c o n t r a s t  t i l l  th e y  r e v e a le d  some i n t e r e s t i n g  f e a t u r e s .  

C u t t in g  was th e n  c o n tin u e d  a t  250-500A, and s e c t io n s  were 

p ro d u ced  in  r ib b o n s .  These were expanded by ^ l e n e  v ap o u r 

a s  recommended by S a t i r  and P each ey  (1958) and m ounted on 

fo rm v a i'-o o a ted  "A thene" g r i d s  o f  th e  S jo s t r a n d  ty p e .

The wax-embedded m a te r i a l  was o u t a t  a  th ic k n e s s  o f 

1 (^  and p ro c e s se d  a s  u s u a l  p r i o r  t o  s t a i n i n g .  The s e c t io n s  

w ere s ta in e d  v a r io u s ly  a s  d e s c r ib e d  u n d e r " R e s u l t s " ,

6 . M icroscopy

The s e c t io n s  on th e  g r i d  were exam ined in  an o ld e r  

p a t t e r n  Siemens llb erm lk ro sco p , w ith  a  beam v o lta g e  o f  70 

k i l o v o l t s  and u s in g  an  o b je c t iv e  a p e r tu r e  o f  5<)a. In  th e  

b eg in n in g  m ic ro g rap h s  w ere made on I l f o r d  c o n t r a s ty  s p e c ia l  

l a t e r n  p l a t e s ;  su b se q u e n tly  i t  was found  p o s s ib le  to  u se  an  

im p ro v ised  f i lm  cam era w ith  I l f o r d  35mp. u n p e r fo ra te d  s a f e t y  

p o s i t iv e  f i lm .  The f i lm  cam era had th e  ad van tage  t h a t  i t  

e n a b le d  e ig h t  exposures to  be made in s t e a d  o f one b e fo re  

r e lo a d in g .  C o nsiderab le  t r o u b le  was e x p e rie n c e d  a t  f i r s t
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FIGURE 4 . M o d ified  C am bridge H ooker u s e d  f o r  u l t r a - t h i n  

s e c t i o n in g .  The l i g h t  beam i s  r e f l e c t e d  from  a  m i r r o r  o f  

Chance 0N20 h e a t  a b s o rb in g  g l a s s .
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from  s t a t i c  d i s c h a r g e s  on th e  f i l m ;  th e  f a c t  t h a t  t h e s e  

w ere r e g i s t e r e d  w ith  i d e n t i c a l  shape  on two a d ja c e n t  f ra m e s  

shov/ed t h a t  th e y  o c c u r re d  ae  th e  f i lm  was b e in g  wound <ai t o  

th e  ta k e - u p  s p o o l .  T h is  t r o u b l e  i s  a p p a r e n t ly  s t i l l  y , * 

e x p e r ie n c e d  i n  some new er in s t r u m e n ts .  I t  was c o m p le te ly  

overcom e by a r r a n g in g  f o r  th e  f i lm  t o  be c a r r i e d  on an  

e n d le s s  s t r i p  o f  n y lo n .  T h is  l i m i t e d  th e  l e n g th  «which c o u ld  

be  accom m odated t o  e ig h t  f ra m e s , b u t  by  d is p e n s in g  w ith  th e  

c o i l i n g  o f th e  f i lm  on s p o o ls  i t  v e ry  g r e a t l y  im proved  th e  

e a s e  o f  o u tg a s a in g ,  and . i n - f a c t  i t  p ro v e d  u n n e c e s s a ry  t o  s- 

t r e a t  th e  f i lm s  b e fo re h a n d  i n  a  vacuum d e s i c c a t o r .   ̂ i

O p t ic a l  m ic ro g ra p h s  v/ere m ade, u s in g  a  p h ase  c o n t r a s t  

m ic ro sc o p e , on I l f o r d  r a p i d  p r o c e s s  p a n o h rœ a a tio  p l a t e s .

:V.



RESULTS

1 . G en e ra l

B e fo re  d e s o r ib in g  th e  r e s u l t s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  

i t  may be m en tio n ed  t h a t  i n  m ost c a s e s  s i e v e - tu b e s  from- th e  

p e t i o l e s  o f  f u l l y  d e v e lo p e d  and  h e a l th y  le a v e s  w ere ex am in ed .

I t  was hoped t h a t  such  s i e v e - tu b e s  w ould be m atu re  and  

p re su m ab ly  f u n c t i o n a l .  F o r th e  sake o f  co m p ariso n  th e  r e s u l t s  

o f  th e  s tu d y  o f  th e  s i e v e - tu b e s  from  th e  p e t i o l e s  o f  r e l a t i v e l y  

young and o f  s e n e s c e n t  l e a v e s  a re  a l s o  in c lu d e d .  The m a t e r i a l s  

f o r  th e  fo rm er w ere o b ta in e d  from  le a v e s  whose lam in ae  w ere n o t  

f u l l y  u n fo ld e d  and  w ere s t i l l  below  th e  w a te r  s u r f a c e  ( th o u g h  

i t  sh o u ld  be p o in te d  o u t t h a t  th e  p e t i o l e  w ould s t i l l  have 

m a tu re  s ie v e  e l e m e n t s ) ; th o s e  f o r  th e  l a t t e r  w ere o b ta in e d  

from  le a v e s  i n  w hich  th e  lam in ae  w ere y e llo w  and o b v io u s ly  

d y in g . I t  i s  i n  t h i s  sen  se  ̂  t h a t  th e  d e s c r i p t i o n s  m a tu re , 

youpg and s e n e s c e n t  a r e  u se d  o f  th e  s i e v e - tu b e s  th ro u g h o u t .

The p e t i o l e  o f  N ym pholdes. an a q u a t io  an g io sp erm , c o n ta in s  

t y p i c a l  s i e v e - tu b e s  a s  w i l l  a p p e a r  f r c m ^ la te r  d e s c r i p t i o n .

Each s ie v e - tu b e  c o n s i s t s  o f  a  num ber o f  s ie v e - tu b e  members o r  

e le m e n ts  u s u a l ly  d isp o se d  end to  end  i n  lo n g  s e r i e s ,  th e  common 

w a l l  p a r t s  b e a r in g  th e  s i e v e - p l a t e s .  , T h is  te rm in o lo g y  i s  

u se d  i n  th e  se n se  o f  G headle and W h itfo rd  (1 9 4 1 ). The te rm s  

s ie v e - tu b e  e lem en t and s ie v e  e lem en t have been  u se d  h e re  

synonym ously .
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The phloem  i n  th e  p e t i o l e  o f Nymphoides i s  n a t u r a l l y  

p r im a ry  i n  o r i g i n  and w ould c o n s i s t  o f  p ro to p h lo em  and  

m etaph loem , th e  l a t t e r  b e in g  th e  s u b je c t  o f  th e  p r e s e n t  

i n v e s t i g a t i o n .  I t  c o n s i s t s  o f  th e  u s u a l  t h r e e  k in d s  o f  c e l l s  -  

s i e v e - tu b e  e le m e n ts ,  com panion o e l l s  and phloem  parenchym a 

c e l l s  a s  shown i n  P l a t e  3 . T h is  i s  an o p t i c a l  m ic ro g ra p h  

show ing phloem  i n  t r a n s v e r s e  s e c t i o n  p re p a re d  by th e  m ethod  

o f  C h e a d le -G if fo rd  and  E sau  (1 9 5 3 ) . A l o n g t i t u d i n a l  s e c t io n  

th ro u g h  a  s i e v e - tu b e  p re p a re d  by th e  same m ethod i s  shown i n  

P l a t e  4 . I t  shows a  s im p le  s i e v e - p l a t e  (h a v in g  o n ly  one 

s ie v e  a r e a )  l o c a l i s e d  on th e  t r a n s v e r s e  end w a l l  o r  th e  common 

w a l l  b e tw een  th e  two su p e rp o se d  s ie v e - tu b e  e le m e n ts .  Companion 

c e l l s  can  a l s o  be s e e n . The s e c t i o n  was p re p a re d  by s t a i n i n g  

th e  w a l l  i n  t a n n ic  a c i d - f e r r i c  c h lo r id e  and  lao m o id  ( r e s o r c i n  

b lu e )  was u sed  t o  b r in g  o u t c a l l o s e  w hich a p p e a rs  t o  be 

d e p o s i te d  on th e  p l a t e .  The s ie v e  p o re s  a p p e a r  t o  be seen  i n  

s u r f a c e  v iew  a s  w e l l  a s  i n  l o n g t i t u d i n a l  s e c t io n ;  b u t  owing 

to  th e  s m a ll  d ep th  o f  fo c u s  i n  h ig h  pow er o p t i c a l  m ic ro sc o p y  

t h i s  may be p a r t l y  d e c e p t iv e .  P o re s  i n  l o n g t i t u d i n a l  s e c t io n  

show th e  c a l l o s e  c y l in d e r  e x te n d in g  th ro u g h o u t th e  p l a t e .  In

t h i s  r e g io n  a  f a i n t  h o r i z o n t a l  l i n e  can  be seen  e x te n d in g  

be tw een  two c a l lo s e  c y l in d e r s .  T h is  may be th e  compound 

m id d le  la m e l la .  I t  i s ,  i n  f a c t ,  a  compound s t r u c t u r e



a

r

T

b
PhtTK 3» 7*8* v u m cu ia r b u n d le  show ing d i f f e r e n t

ty p e s  o f  o e l l s  I n  phloem* A p e r t  o f  xylem  q^m . I s o  b e  

seen* S ta in e d  In  tu n n lo  w eld  -  f e r r i e  c h lo r id e  and

laom oid* X800
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1

P1AT2 4# I>*3. th ro y ^ h  phloem showing a s iev e  tu b e  w ith  i t s

companion c e l l  to  l e f t .  Simple s iev e  p la te  i s  l o c a l i s e d  on

th e  t r a n s v e rs e  end w a ll .  S ta in ed  in  ta n n ic  a c id - f e r r i c

c h lo r id e  and lacm oid . X2250.
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c o n s i s t in g  o f  th ro e  l a y e r s :  th e  two p rim ary  w a l ls  o f  th e

su p erp o sed  s ie v e - tu b e  e lem en ts  and th e  in te rv e n in g  m idd le  

la m e l la .  There does n o t seem to  be any c o n s id e ra b le  

accu m u la tio n  o f s lim e in  th e  neighbourhood of th e  s ie v e  p l a t e .

A l o n g t i t u d in a l  s e c t io n  o f  th e  s ie v e  tu b e  from  an osmium- 

f ix e d  m e th a c ry la te  embedded p e t io l e  i s  shown in  th e  o p t i c a l  

phase  c o n t r a s t  m ic ro g rap h , P la te  5« In  t h i s  s e c t io n  s e v e r a l  

a d ja c e n t  s ie v e - tu b e s  can  be se e n ; two o f w hich have sim ple  

s i e v e - p la te s  on th e  end w a l l s .  A few  p l a s t i d s  w ith  s t a r c h  

g r a in s  a ls o  ap p ea r in  th e  v i c i n i t y  o f th e  s i e v e - p l a t e s .  A 

v e ry  i n t e r e s t i n g  f e a tu r e  p r e s e n t  i n  t h i s  m icrog raph  i s  th e  

m arked th ic k e n in g  o f  th e  c r e n u la te d  l a t e r a l  w a ll o f  th e  s ie v e  

tu b e s , th e  a d ja c e n t w a l l s  o f  two s ie v e  e lem en ts  showing m arked 

co rresp o n d en ce  o f  t h e i r  d e p re s s io n s  which a re  p ro b ab ly  th e  

l o c i  o f p i t s  o r  p i t  f i e l d s .  The th ic k e n in g  o f th e  w a ll  was 

p u z z lin g  a t  f i r s t  because  i t  does n o t seem to  Ëiow i n  th e  

p re v io u s  m icro g rap h s o f c o n v e n tio n a lly  s ta in e d  s e c t io n s .  In  

f a c t  i t  was c o n s id e re d  to  be an a r t i f a c t  o f osmium f i x a t i o n  

o r  m e th a c ry la te  em bedding. L a te r  on however i t  p roved  to  be 

a  genuine f e a tu r e  o f th e  t i s s u e .  In  a r e c e n t  p ap e r Esau and 

Gheadle (1958) have re p o r te d  s im i la r  w a ll th ic k e n in g  in  th e  

s ie v e  e lem en ts  o f th e  secondary  phloem in  a la rg e  number o f 

d ic o ty le d o n o u s  p la n ts  and have r e f e r r e d  to  i t  by th e  o ld e r  

term  "n a c re o u s" . In  many o f  th e  c a s e s  th ey  d e sc r ib e  th e
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PLATE 5 . L .8 . th ro u g h  phloem ehowlng s e v e ra l  s ie v e  tu b e s ,

two s ie v e  p l a t e s  and p l a s t i d s .  L a te r a l  w a ll o f th e  s ie v e  

tu b e  i s  th ic k  and c r e n u la te d .  F ixed  in  osmie a c id  and 

embedded in  m e th a c ry la te . X970.
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th ic k e n in g  i s  q u i te  e x c e s s iv e , som etim es a lm ost o c c lu d in g  th e  

lumen of th e  a p p a re n tly  f u n c t io n a l  s ie v e  tu b e .  The p r e s e n t  

s t a t e  of a f f a i r s  i s  th e r e f o r e  n o t e x c e p t io n a l ,  even vifeen -  a s

w i l l  ap p ear in  some o f th e  m icrog raphs -  th e  th ic k e n in g  i s  v e ry

c o n s id e ra b le .

2 . The N acreous W all

A ccording to  Esau and Gheadle (1 9 5 8 ), in  many d ic o ty le d o n s  

th e  w a ll o f th e  s ie v e - tu b e  c o n s i s t s  o f  two p a r t s :  a  t h i n  o u te r

la y e r  n e x t to  th e  m idd le  la m e lla  and a th ic k  in n e r  la y e r  n e x t 

to  th e  lum en. I t  i s  th e  l a t t e r  which may develop  in to  th e  

t y p ic a l  n ac reo u s  w a l l .  The s ie v e - tu b e s  i n  th e  p e t io l e  o f 

N m phoides a ls o  show t h i s  d iv i s io n  o f t h e i r  v /all and th e  

th ic k e n in g  o f  th e  in n e r  l a y e r  i s  v e ry  m arked. P la te  6 i s  

an e le c t r o n  m icrograph  showing th e  n ac re o u s  w a ll from  a 

specimen f ix e d  in  osmic a c id  w ith o u t any su c ro se  a d d i t io n .  In  

th e  b eg in n in g  i t  was c o n s id e re d  a  p o s s i b i l i t y  t h a t  th e  w a ll  

m ight have undergone some deg ree  o f sw e llin g  in  th e  f i x a t i v e .  

R epo rts  to  t h i s  e f f e c t  have been rev iew ed  by Esau (1 9 3 9 ). That 

t h i s  i s  n o t th e  case  i s  re n d e re d  l e s s  l i k e l y  by th e  n ex t two 

p l a t e s .  The n acreous w a ll  from m a te r ia l  f ix e d  in  OSO4 w ith  

0.5M and IM su cro se  i s  shown r e s p e c t iv e ly  in  P la te s  7 and 8 .

A d d itio n  o f su c ro se  to  th e  f i x a t i v e  does n o t seem to  b r in g

abou t any change in  th e  g e n e ra l  appearance o f th e  n ac reo u s 

w a l l .  The l a s t  p la te  a lso  shows th e  d e p re ss io n s  in  th e  w a ll
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PLATE 6 . E le o tro n  m icro g rap h  o f s ie v e  tu b e  showing n a c re o u s  

w a ll .  F ixed  in  o s m ic .a c id  w ith o u t any su c ro se .
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PLATE 7 . E leo tro n  m icrograph  o f s ie v e  tu b e  showing b la c k  

l i n e s  in  th e  m a tr ix  o f  th e  th ic k  w a ll .  F ixed  in  osmic a c id  

w ith  0 . 5M su c ro se .
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PLATE 8 . E le c tro n  m icrog raph  o f  s ie v e  tu b e s  showing 

n ac reo u s w a l l .  The two s ie v e  tu b e s  show co rre sp o n d in g  

d e p re ss io n s  in  t h e i r  w a l l s .  F ixed in  osmic a c id  w ith  

M  s u c ro s e .
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o f one s ie v e  elem ent co rre sp o n d in g  w ith  th o se  o f th e  a d ja c e n t 

e lem en t. These d e p re s s io n s  p ro b ab ly  r e p re s e n t  p i t s  o r  

s ie v e  a r e a s .

The marked th ic k e n in g  o f  th e  s ie v e - tu b e  w a ll  re d u c e s  

th e  lumen co n sid e rab ly *  I t s  p h y s io lo g ic a l  im p lic a t io n  w i l l  

be c o n s id e re d  l a t e r .  The in n e r  l im i t  o f  th e  n ac reo u s  w a ll i s  

so uneven th a t  th e  w a ll ap p e a rs  lobed  r a th e r  th an  c r e n u la te d ,  

a  term  which f re q u e n t ly  ap p ears  i n  th e  l i t e r a t u r e *  I>ue to  th e  

uneven tr iic k n e ss  o f th e  w a ll ,  th e  o u t l in e  o f  th e  lumen i s  v e ry  

i r r e g u la r*  This can be seen from P la te  9 , which shows a 

s iev e  elem ent w ith  i t s  companion c e l l  in  a  c ro s s  s e c t io n .  The 

d if fe re n c e  in  th e  th ic k e n in g  o f th e  w a ll o f th e  s iev e  elem ent 

and th e  companion c e l l  i s  v e ry  o b v io u s.

In  a l l  o f  th e se  m icrog raphs th e  in n e r  l im i t  o f  th e  

nacreous w a ll appears  d a rk e r  th an  th e  r e s t  of th e  w a ll  m a te r ia l .  

T h is may, a c c o rd in g  to  P re s to n  (1958) r e p re s e n t  th e  w a l l /  

cy toplasm  boundary; i t  i s  p ro b ab ly  a c c e n tu a te d  by poor 

f i x a t io n  o f  th e  d e l ic a te  cy to p lasm . F u r th e r , i n  th e  m a tr ix  

of th e  w a ll i t s e l f  b la c k  l i n e s  can  be seen , r e p r e s e n t in g  

a p p a re n tly  two d im ensional e lem en ts , s in ce  th e y  appear more o r  

l e s s  a s  l i n e s  in  b o th  lo n g t i tu d in a l  and tra n s v e rs e  s e c t io n s .

They a re  rough ly  p a r a l l e l  to  th e  w a ll su rfa c e  and resem ble th e  

apparen t w a ll/cy to p lasm  boundary . They convey th e  im p ress io n  

t h a t  th e  nacreous la y e r  grew so f a s t  t h a t  i t  overtook  and
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PLATE 9 . E le c tro n  m icrograph  o f s ie v e  tube  w ith  com janion 

c e l l  in  T .3 . The lumen of th e  s ie v e  tu b e  i s  i r r e g u l a r  in  

o u t l in e .  Note th e  d i f f e r e n c e  in  th e  th ic k n e s s  of th e  w a ll  

o f th e  s ie v e  elem ent and th e  companion c a l l .
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enveloped .jome o f th e  cy top lasm  from th o se  a c t i v i t y  i t  a r o s e .

I t  can be n o ted  th a t  in  many ca se s  (see  P la te s  7 , 8 , 9, 10) 

th e  boundary between th e  cy top lasm  and th e  n ac reo u s  w a ll has an  

appearance r a th e r  l ik e  a  "d o tte d  l in e "  Sometimes

t h i s  i s  v e ry  r e g u la r  (P la te  1 0 ) . T h is may in  p a r t  be an 

a r t i f a c t ,  b u t t h a t  i s  n o t e n t i r e l y  so i s  su g g ested  by th e  f a c t  

t h a t  many o f  th e  dark  in c lu s io n s  w ith in  th e  w a l l  th ic k n e s s  

resem ble i t  r a th e r  c lo s e ly  (see  P la te s  7 , 1 0 ), I t  was hoped 

to  in v e s t ig a te  th e  s t r u c tu r e  o f th e  n ac reo u s w a ll  by i n t e r  a l i a  

removing th e  m e th a c ry la te  and shadowing w ith  m e ta l;  b u t th e  

e v a p o ra tio n  u n i t ,  w hich was under c o n s tru c tio n  in  th e  

D epartm ent, cou ld  n o t be f in is h e d  in  t im e .

A ll th e se  m icrographs a re  o f th e  m ature and presum ably 

fu n c t io n a l  s iev e  e le m e n ts . I t  was co n s id e red  w orthw hile , a s  

m entioned e a r l i e r ^  to  in v e s t ig a te  f u r th e r  th e  th ic k n e s s  o f th e  

s ie v e - tu b e  w a ll in  th e  p e t io l e  o f r e l a t i v e l y  young and 

sen escen t le a v e s .  The n ac reo u s  w all o f a  young s ie v e - tu b e  

elem ent i s  shown in  P la te  11. In  th e  case o f  a  sen eso en t 

l e a f  i t  was ex p e c ted  t h a t  th e  s i ’ev e -tu b e  m ight have become 

n o n -fu n c tio n a l a f t e r  th e  d ecay  o f th e  lam ina . P la te  12  shows 

th e  siev e  elem ent from a  sen eso en t p e t i o l e ,  th e  l a t e r a l  w a ll 

showing i t s  d iv is io n w in to  o u te r  t h in  and in n e r  th ic k  l a y e r s .

The l a t t e r  i s  n o t m a te r ia l ly  d i f f e r e n t  from th e  n ac reo u s  w a ll
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PLATS 10 . E le c tro n  xolcrograph o f  s ie v e  tu b e  to  show th e  

« d o tted  l in e "  appearance o f th e  in n e r  l im i t  o f th e  n ac reo u s

w a ll .



h r ,  ?n 5 0

V - -

BMTE 11. H le e tro a  m lorograph  showing w a ll  th ic k n e s s  In  

yooag s ie v e  tu b e .
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PLATT: IB . I& lok n ac reo u s w a ll o f th e  a ie v e  tube  

o b ta in e d  from aen eso en t p e t i o l e .
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shown e a r l i e r .  T h is m igh t su g g es t t h a t  in  a  p rim ary  o rgan  

th e  s ie v e  e lem en ts cease  to  fu n c tio n  w ith  th e  o rgan  i t s e l f  

w ith o u t any change in  t h e i r  w a ll  th ic k n e s s ;  a n o th e r  

p o s s i b i l i t y  i s  t h a t  th e y  a re  s t i l l  in  th e  l a s t  s ta g e  o f  t h e i r  

f u n c t io n a l  a c t i v i t y .  T hat t h i s  may a ls o  be th e  case  seems 

p ro b a b le  from P la te  13 o f th e  xylem parenchyma from  th e  same 

m a te r ia l  s t i l l  showing a p p a re n tly  i n t a c t  cy to p la sm ic  

in c lu s io n s .

E a r l i e r  w o rk e rs , n o ta b ly  C ra f ts  (1931)» c o n s id e re d  th e  

n ac reo u s  w a ll t o  be h ig h ly  h y d ra te d  and to  s h r in k  d u rin g  th e  

p re p a ra t iv e  d e h y d ra tio n . R eduction  o f  th e  w a ll  th ic k e n in g  

of p rim ary  s ie v e  e lem en ts  when th e  c e l l  ages h as  a ls o  been 

r e p o r te d ,  an d  th e  cau se  o f  t h i s  sh rin k ag e  i s  supposed  to  be 

d e h y d ra tio n . The p re s e n t  s tu d y  h a s  n o t y ie ld e d  any ev id en ce  

o f  such a s h r in k in g  in  o ld e r  e lem en ts; and so f a r  a s  

p re p a ra t iv e  t r e a tm e n ts  a re  concerned  Esau and Cheadle (1958) 

re v e rs e d  t h e i r  fo rm er view  th a t  th e  w a ll i n  th e  f r e s h  s t a t e  

was h ig h ly  h y d ra te d  and shrunk  on a lc o h o l t r e a tm e n t ,  a  view  

ad o p ted  by C ra f ts  (1931) in  h i s  th e o ry  o f t r a n s lo c a t io n  w ith in  

th e  w a ll i t s e l f .  C e r ta in ly  th e  p re s e n t  m icrog raphs do n o t  

suggest a  rin k ag e  on p r e p a ra t io n .  I t  was hoped t h a t  

m e ta l shadowing m ight r e v e a l  th e  d e ta i l e d  s t r u c tu r e  o f th e  

n ac reo u s  w a l l ,  b u t th e  d e la y  in  th e  a v a i l a b i l i t y  of th e  

a p p a ra tu s , a s  rem arked e a r l i e r ,  d e s tro y e d  t h i s  hope.
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PLATE 13» Xylem parenchym a from s e n e sc e n t p e t i o l e  

showing In c lu s io n s*  T h is  shows th e  c e l l  m i^ it  be  i n  

a fu n c t io n a l  s ta te *



The m a te r ia ls  f o r  th e  m icro g rap h s d e s c r ib e d  above were 

p rep a red  ac co rd in g  to  Schedule 1 w ith  f i x a t i o n  tim e  of i  h o u r . 

P re p a ra tio n  o f specim ens ac co rd in g  to  Schedule 2 ag a in  

in v o lv es  OsO^ a s  th e  f i x a t i v e .  As such  t h i s  te c h n iq u e  was 

no t expected  to  y i e l d  any d i f f e r e n t  r e s u l t .  P l a t e  14 shows 

a m ature s iev e  e lem en t (w ith  i t s  companion c e l l ? )  in  

lo n g t i tu d in a l  s e c t io n  p re p a re d  a c co rd in g  to  Schedule 2 b u t 

a t  pH5.8. The s ie v e  elem ent shows th e  same g e n e r a l  f e a tu r e s  

o f th e  n ac reous w a l l ;  th e  companion c e l l  shows seven 

s p h e r ic a l  b o d ie s  w hich may be p o o r ly  p re se rv e d  m ito c h o n d ria . 

They have an approx im ate  d iam e te r  o f  0 .9 8 ^ . The p r e s e r v a t io n  

of companion c e l l  cy to p lasm  a t  pH5.8 does n o t  ap p ea r v e ry  

s a t i s f a c to r y .

The n e x t p la te  ( P la te  15) shows a  l o n g t i tu d in a l  s e c t io n  

of th e  s iev e  e lem ent f ix e d  in  f o r  te n  m in u te s  a c c o rd in g

to  Schedule 3 . Again th e  n a c re o u s  w a ll h a s  th e  same 

appearance a s  t h a t  o f th e  specim ens f ix e d  in  OsO^ a c c o rd in g  

to  Schedules 1 and 2, though  i t  may p o s s ib ly  be somewhat 

sw o llen .

I t  has been m entioned  e a r l i e r  t h a t  th e  n a c re o u s  w a ll  

d id  no t show in  th e  o p t i c a l  m icrog raphs 3 and 4 . In  an 

a ttem p t to  f in d  ou t th e  re a so n  f o r  t h i s ,  an o p t i c a l  

in v e s t ig a t io n  o f th e  phloem was a g a in  u n d e rta lien . S ince i t
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PLATE 111*. S iev e  tu b e  (w ith  i t s  com panion c e l l ? )  

p re p a re d  a c c o rd in g  to  S chedu le  2 a t  p .H  5 .8  show ing 

n ac reo u s  w a l l .  The p r e s e r v a t io n  a t  PH 5»8 i s  n o t  v e ry  

s a t i s f a c t o r y .  The s o - c a l le d  com panion c e l l  shows a 

la r g e  number o f  m ito c h o n d r io n - l ik e  in c lu s io n s .
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PLiVTE 15» NacreouB w all o f the s ieve  tube fixed  In 

KMnOĵ »
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i s  p o s s ib le  to  g e t s ie v e  elem ents i n  th e  v e ry  f i r s t  t r a n s v e r s e  

s e c t io n  of th e  p e t i o l e ,  s e c t io n in g  in  th e  lo n g t i t u d in a l  p la n e  

was d isc a rd e d  in  fa v o u r o f t r a n s v e r s e .  The s i  e v e - tu b e  w a ll 

o f pro tophloem , metaphloem  and secondary  phloem i s  r e p o r te d  

to  be m ostly  c e l l u lo s e ,  hence s t a in s  s u i ta b le  f o r  c e l lu lo s e  

were used  to  b r in g  out th e  n ac reo u s  w a l l .  Due to  s h o r ta g e  

o f tim e on ly  known s t a in in g  te c h n iq u e s  were employed in  th e  

o p t ic a l  in v e s t ig a t io n  o f th e  n ac reo u s  w a l l .

The f i r s t  s ta in in g  com bination  t r i e d  was e a f r a n in  and 

h aem ato x y lin , and th e  r e s u l t  i s  ëiown in  P la te  16 . I t  can 

be c l e a r ly  seen  t h a t  a  n ac reo u s  w a ll i s  in d eed  p r e s e n t ,  b u t  

t h a t  on ly  i t s  in n e r  l im i t  i s  s ta in e d  and t h a t  a ls o  o n ly  

fa in t l^ r ;  th e  m a tr ix  b e in g  o p t i c a l l y  c l e a r .  The two b la c k  

a re a s  p ro b ab ly  r e p re s e n t  o b l i t e r a t e d  s ie v e  e lem en ts  o f  th e  

p ro toph loem .

The r e s u l t  o f s t a in in g  in  s a f r a n in  and f a s t  g re en  i s  

shown in  P la te  17. The s ta in in g  of th e  n ac reo u s  w a ll  i s  v e ry  

p o o r. Chang (1935) u sed  l i g h t  g reen  to  show th e  p ro tophloem  

in  th e  angiosperm  shoot a p e x ..  F a s t g re e n , a c co rd in g  to  

Oonn (1940 ) ,  s t a in s  v e ry  much l ik e  l i g h t  g reen  and i s  

c o n s id e ra b ly  l e s s  s u b je c t to  fa d in g . That i s  why f a s t  g reen  

was u sed  in  p lace  o f l i g h t  g reen ; b u t th e  r e s u l t  was r a th e r  

d is a p p o in t in g . One of th e  s iev e  e lem en ts  shows th e  s ie v e  

p l a t e .
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PLATE 16 . T .S . phloem showing n ao rso u a  th ic k e n in g  in  th e  

a ieve  tu b e s .  The two b la c k  a re a s  r e p re s e n t  o b l i t e r a t e d  

protophloem  s ie v e  tu b e s .  S ta in ed  in  s a f r a n in  and haema- 

to x y l in .  X2250.
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PMTB 17# T .S , phloem s ta in e d  in  s a f r a n in  and f a s t  g re e n . 

îTaoreous w a ll does n o t show up . One of th e  s ie v e  tu b e s  

diows th e  a ieve  p l a t e .  X2250.
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The n ex t te ch n iq u e  used  in  s t a in in g  phloem was due to  

C headle, G iffo rd  and Esau (19 5 3 )« Tannic a c id  -  i ro n  c h lo r id e  

was used f o r  s ta in in g  w a ll and lacm oid ( r e s o r c in  b lu e )  to  

b r in g  out c a l lo s e .  T his s ta in in g  method was a ls o  u sed  by 

Esau a id  Cheadle (1958) in  t h e i r  s tudy  o f w a ll th ic k e n in g  in  

s iev e  elem ents o f secondary phloem. Though th e  c a l i o  se was 

d i s t i n c t l y  s ta in e d , re sp o n se  o f th e  n ac reo u s  w a ll was poo r, as  

seen from P la te  18. T h is  i s  n o t e n t i r e l y  s u r p r i s in g ,  s in c e  

Esau and Cheadle a ls o  ex p e rien ced  t h i s  d i f f i c u l t y .  One o f 

th e  s iev e  elem en ts ag a in  shows the» s iev e  p l a t e .

The l a s t  s ta in in g  tech n iq u e  t r i e d  c o n s is te d  o f  s ta in in g  

th e  w a ll in  ta n n ic  a c id  -  i ro n  alum a f t e r  s ta in in g  th e  cy toplasm  

in  s a f r a n in  and orange G, a s  recommended by Sharman (1943).

This proved r e l a t i v e l y  s u c c e s s fu l  in  s ta in in g  th e  n ac reo u s w a ll 

and th e  r e s u l t  i s  Ëiown in  P la te  19. Prom th e  l im i te d  t r i a l  

g iven  to  th e se  s ta in in g  te c h n iq u e s , i t  s ^ p e ^ s  t h a t  th e  nac reo u s 

w a ll i s  d i f f i c u l t  to  s t a i n ;  on ly  th e  in n e r  l im i t  b e in g  f a i n t l y  

s ta in e d  and th e  m a tr ix  b e in g  o p t i c a l ly  c l e a r .  T h is f a c t  

coupled  w ith  th e  poor response  o f th e  nacreous w a ll  to  ta n n ic  

a c id  -  f e r r i c  c h lo r id e  i s  perhaps the  re a so n  why th e  nac reo u s 

th ic k e n in g  was m issed in  o p t ic a l  m icrographs 3 and 4*

3. The s iev e  p la te

As m entioned e a r l i e r ,  a ie v e - tu b e s  of Ifymphoideg have 

simple s ie v e - p la te s .  T his p o in t i s  c le a r ly  shown in  th e
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PL.\TE 18 . T .S . phloem s t a in e d  in  ta n n ic  a c i d - f e r r i c  

c h lo r id e  and lacm o id . N acreous w a ll does n o t show u p . 

One o f  th e  s ie v e  tu b e s  shows i t s  a ie v e  p l a t e .  X970
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PLATE 1 9 . T .S . p h lo m  show ing n a c re o u s  th ic k e n in g  i n  th e  

s ie v e  tu b e s .  S ta in e d  i n  a a f ra n in -o ra n g e  G and t a n n ic  a c id -  

i r o n  alum . The b la c k  a r e a  r e p r e s e n t s  o b l i t e r a t e d  p ro toph loem  

s ie v e  tu b e . X2250.
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o p t i c a l  m icro g rap h s 20 and  21 p re p a re d  a c c o rd in g  to  th e  

method o f C head le, G if fo rd  and Esau (1 9 5 3 ). The p l a t e s  

show a s in g le  s ie v e  a r e a  p e r  p l a t e .  W hite c i r c u l a r  a r e a s  

p ro h ah ly  r e p r e s e n t  sp a c e s  o ccup ied  by u n s ta in e d  c o n n e c tin g  

s t r a n d s .

P a s s in g  on to  th e  e l e c t r o n  m ic ro g ra p h s , th e  s t r u c t u r e  

o f th e  s ie v e  p l a t e  i s  p re s e n te d  in  P la te  22, which i s  a  

lo n g t i t u d in a l  s e c t io n  o f  th e  s ie v e  tu b e . The p l a t e  i s  

lo c a l i s e d  to  th e  t r a n s v e r s e  end v /a ll which p o s s e s s e s  a  v e ry  

obvious s t r u c t u r e ,  th e  compound m idd le  la m e lla ,  r e f e r r e d  to  

in  th e  o p t i c a l  P la te  4 , b e in g  c l e a r l y  re so lv e d  h e re  in to  i t s  

th r e e  com ponents. The double d ark  l i n e s  p ro b a b ly  r e p r e s e n t  

th e  in n e r  l i m i t s  o f  th e  p rim a ry  w a l ls .  The p la t e  Ëiows 

f iv e  p o re s  o f  w hich num bers 1, 4 and 5 sho>v v e ry  d e f i n i t e  

c o n te n ts  ( th e  "c o n n e c tin g  s t r a n d s " ) .  These ap p ear 

c o n tin u o u s  w ith  th e  s u rfa c e  cy to p la sm . On e i t h e r  s id e  of 

th e  s t r a n d s  can be seen  a w h it is h  c o l l a r  w h ich ,p ro b ab ly  

r e p r e s e n ts  th e  o a l lo s e  c y l in d e r .  The s e c t io n  seems t o  have 

p assed  in  p o re s  2 and 3 j u s t  th ro u g h  th e  boundsuy o f  th e  

co n n ec tin g  s t r a n d  and c a l lo s e  c y l in d e r ,  po re  2 p a r t i c u l a r l y  

blow ing th e  t y p i c a l  c o n te n ts  i n  th e  n e x t s e r i a l  s e c t io n  

(P la te  2 3 ) . One o f  th e  s ie v e  tu b e  e lem en ts shows a  d a i*  

l i n e  i n  i t s  what i s  a p p a re n tly  a  lumen firm in g  an e lo n g a te d  

s a c - l ik e  s t r u c t u r e . I t  i s  d i f f i c u l t  to  t e l l  i t s  n a tu r e .
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PLATE 20. L .S . v a s c u la r  b u n d le  showing xylera, phloem  

and s ta r c h  s h e a th .  Note th e  s im p le  s ie v e  p l a t e  w ith  

w h ite  c i r c l e s  r e p r e s e n t in g  sp aces  occup ied  by- 

co n n e c tin g  s tra n d s*  C a llo se  c y l in d e r s  ap p ear a s  

b la c k  r i n g s .  S ta in e d  in  ta n n ic  a c i d - f e r r i c  c h lo r id e  

and lacm o id . X2000
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PLATE 21. A nother L .S . N ote th e  s in g le  s ie v e  a re a  on 

th e  t r a n s v e r s e  end w a ll o f  th e  s ie v e  tu b e . Companion 

c e l l  i s  a l s o  see n . The c e l l  o f  th e  s ta r c h  sh e a th  shows 

s ta r c h  g ra in s  en c lo se d  in  th e  p l a s t i d .  S ta in e d  in  

ta n n ic  a c id  -  f e r r i c  c h lo r id e  and lacm oid . X2000
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PLilTE 22# E le c tro n  m icrograph showing s ie v e  tube w ith  

s ie v e  p la te *  The s t r u c tu r e  o f th e  p l a t e  i s  w ell 

re so lv e d . F ixed in  osmic a c id  w ith o u t su cro se  f o r  

1 hour#
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PLiiTE 23* n o th e r s e c t io n  o f  th e  s ie v e  p l a t e  o f  th e  

p re v io u s  m icrograph . Note a s t r u c tu r e  in  th e  lumen o f 

one o f  th e  s ie v e  e lem en t.
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I t  does n o t seem t o  be a mere a r t i f a c t ,  and i t  a p p e a rs  in  

a n o th e r  s e c t io n  o f  th e  same s ie v e  tu b e  shown in  P la te  23*

I t  does n o t r e p r e s e n t  th e  to n o p la s t  even i f  th e r e  i s  one in  

th e  s ie v e  tu b e , f o r  i t  a p p e a rs  to  be f a r  to o  p rom inen t to  be 

such -  compare w ith  what i s  p o s s ib ly  th e  v a c u o la r  membrane i n  

a parenchym a c e l l  shown in  P la t e  24. I t  may p o s s ib ly  be a 

consequence o f  th e  lo n g t i tu d in e i l  in f o ld in g  o f  th e  n ac reo u s  w a ll ,  

w hich in  r a r e  o a se s  can even form  a  septum  a c ro s s  th e  tube as 

shorn  in  o p t i c a l  m icrograph  P la t e  25. The m a te r i a l s  f o r  th e s e  

p l a t e s  were p re p a re d  a c c o rd in g  t o  Schedule 1 by f i x i n g  f o r  one 

h o u r in  th e  case  o f th e  fo rm er and h a l f  an  h o u r f o r  th e  l a t t e r  

in  OsO^ w ith o u t s u c ro se . The p ro b a b le  p la n e  o f  s e c t io n in g  

f o r  P la t e s  22 and 23 i s  shown in  F ig u re  5.

A nother s e c tio n  from  th e  m a te r ia l  f ix e d  s i m i l a r ly  b u t 

o n ly  f o r  h a l f  an hou r ap p e a rs  in. P la te  26. T h is , shows a few 

f e a tu r e s  d i f f e r e n t  from th e  p re v io u s  two p l a t e s .  The 

s t r u c tu r e  o f  th e  s ie v e - p la te  i s  n o t c l e a r .  T h is  may be due to  

bad s e c t io n in g .  In  f a c t  brealcs i n  th e  l a t e r a l  w a ll  can be 

see n . The l a t t e r  In  t h i s  case  i s  v e ry  th i c k ,  a lm o st o cc lu d in g  

th e  lumen o f th e  tu b e , b u t a b se n t from  th e  s i e v e - p la te  re g io n . 

The éo sence o f n a c re o u s  th ic k e n in g  on s ie v e  a r e a s  h as  a ls o  been 

n o te d  by Esau and Cheadle (1 9 5 3 ). The in n e r  l i m i t  o f th e  

n acreous w a ll shows a v e ry  r e g u la r  d o t te d  appearance  a s  

rem arked e a r l i e r .  The c o n n e c tin g  s t r a n d s  i n  th e  p o re s  ap p ear
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PLiilE  2 l|. A parenchyma c e l l  showing p o s s ib ly  to n o p la s t .
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PliATE 25 . T .S . phloem . One o f th e  s ie v e  tu b e s  shows 

ex c e ss iv e  developm ent o f i t s  nacreous w a ll which 

d iv id e s  th e  lumen in  two p u r t s .  S ta in e d  in  ta n n ic  

a c id  -  i r o n  c h lo r id e  and lacm oid . X2250
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PlkiTE 2 6 r  L»3»  S iev e  tuTae* Tlxe s ie v e  pox*es ai*e f i l l e d  

w ith  d-.rk  c o n te n ts .  The in n e r  l i m i t  o f  th e  th ic k  

n a c re o u s  w a ll shows th e  " d o t te d - l in e "  a p p e a ra n c e .

F ixed  i n  oemic a c id  w ith o u t su c ro se  f o r  h a l f  an  h m tr .
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v e ry  d a rk  i n  c o n t r a s t  to  th o s e  i n  P l a t e s  22 and 23, a  f e a tu r e  

n o te d  by o th e r  i n v e s t i g a t o r s  (s e e  b e lo w ). The re a s o n  f o r  t h i s  

i s  n o t c l e a r .  I t  may be m en tio n ed , how ever, t h a t  th e  m a te r i a l  

o f  P la t e  26 vfaa f ix e d  in  J u ly  when th e  p l a n t  was g ro w in g  

v ig o ro u s ly  w hereas i n  th e  c a se  o f  P l a t e s  22 and 23 i t  was f ix e d  

in  November v/hen th e  g ro w th , a s  m en tio n ed  e a r l i e r ,  was p o o r .

I s  th e  osm ophily  o f  th e  c o n n e c tin g  s t r a n d s  th e n  a  f u n c t io n  o f  

s e a s o n a l  v a r i a t i o n ?  % a t  r e le v a n c e  h a s  t h i s  to w ard s  t h e i r  

r o l e  in  t r a n s l o e a t i o n ?  These q u e s t io n s  a re  d i f f i c u l t  t o  

answ er w ith o u t f u r t h e r  i n v e s t i g a t i o n .  The n e x t  p l a t e  ( P la te  

27) ^ o w s  a  p a r t  o f  th e  p re v io u s  one a t  a  h ig h e r  m a g n if ic a t io n  

and i n d i c a t e s  v e r y  c l e a r l y  th e  c o n t in u a t io n  o f  th e  p o re  c o n te n t  

w ith  th e  s u r fa c e  c y to p la sm . I t  i s  t o  be r e g r e t t e d  t h a t  th e  

p r e s e n t  e l e c t r o n  m ic ro s c o p e ^ is  n o t c a p a b le  o f  r e s o lv in g  th e  

s t r u c t u r e  o f  th e  c o n n e c tin g  s t r a n d ;  b u t  th e r e  seem s t o  be a  

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

found  by Schum acher and Zollm ann (1959 , p r i v a t e  co m m u n ica tio n ). 

Assuming t h a t  one o f th e  p o re s  h a s  been  c u t  i n  th e  m ed ian  

l o n g t i t u d i n a l  p la n e ,  th e  c o n n e c tin g  s t r a n d  m easu res  a b o u t 0 . 2m 

i n  d ia m e te r .

From w hat h a s  b een  s a i d  above, i t  a p p e a rs  t h a t  so f a r  a s  

th e  f i x a t i o n  o f  0 . 5 -1  nyi. t h i c k  p ie c e s  o f Nymphoides p e t i o l e  

a re  co n cern ed  an  h o u r 's  f i x a t i o n  does n o t seem to  be o f  any  

more ad v a n ta g e  th a n  h a l f  sn h o u r ’ s  f i x a t i o n  in  OSO4 .
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PMfS 27* A part o f P late 26 at higher aacp ifioattlaa, 

0 9 0  ootttont® are oontiauoua with the aurfaee oytoplam #T

I
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C o n seq u en tly , f i x a t i o n  i n  OsO^, w h e th e r i n  S chedu le  1 o r  2, 

was s u b s e q u e n tly  a lw ay s c a r r i e d  o u t f o r  h a l f  sn h o u r .  F u r th e r  

r e s u l t s  o f h a l f  an  h o u r 's  f i x a t i o n  a re  shown i n  P l a t e s  28 and  

2 9 . I n  th e  ea se  o f  th e  fo rm e r , th e  f i x a t i v e  had  0.5M su c ro s e  

in c o r p o r a te d ;  i n  th e  l a t t e r ,  IM s u c ro s e .  None o f  th e  

s e c t io n s  i s  good enough , y e t  th e y  show some i n t e r e s t i n g  

f e a t u r e s .  P l a t e  28 shows th e  n a c re o u s  w a l l ,  p o re s  w ith  

c o n n e c tin g  s t r a n d s  and  o a l lo s e  c y l in d e r ,  and  a c c u m u la tio n  o f 

cy to p lasm  on e i t h e r  s id e  o f  th e  s i e v e '- p l a t e . The o th e r  p l a t e  

shows even more c l e a r l y  t h a t  th e  p o re s  a r e - f i l l e d  w ith  

e l e c t r o n  dense m a t e r i a l  w hich p a s s e s  from  one s id e  o f  th e  

s ie v e  p l a t e  t o  th e  o th e r ,  t h e r e  b e in g  no d i s c o n t i n u i t y  i n  

th e  m id d le  a s  p o s tu l a t e d  by  M angenot (1926) and Salmon (1 9 4 6 ) . 

A lso th e r e  does n o t  a p p e a r  t o  be any v a c u o la r  c o n t i n u i ty  

th ro u g h  th e s e  d a rk ly  s t a i n e d  c o n n e c tin g  s t r a n d s  a s  c la im e d  by 

H i l l  ( 1908 ) .  As rem ark ed  e a r l i e r ,  th e  s e c t io n s  o f  th e s e  two 

p l a t e s  a re  n o t  good enough . T h is  i s  c e r t a i n l y  due t o  b ad  

p r e p a ra t io n  and s e c t io n in g ,  b u t  h a r d ly  t o  th e  a d d i t i o n  o f 

su c ro se  to  th e  f i x a t i v e .  The l a t t e r  c la im  i s  s u b s t a n t i a t e d  

by P la te  30 o b ta in e d  from  a  m a te r i a l  f ix e d  in  a  f i x a t i v e  

c o n ta in in g  M  s u c ro s e .  T h is  p l a t e  shows a lm o st a l l  th e  

f e a t u r e s  o f th e  s i e v e - p l a t e  d is c u s s e d  i n  th e  p re v io u s  m ic ro 

g ra p h s . In  a d d i t i o n ,  th e  c y to p la a n  i s  b e t t e r  p rese i*ved  th a n
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PX**\TB 28# L*S# S ie v e  tu b e  show ing a c c u ia u la t lo n  o f  

c y to p la sm  on e i t h e r  s id e  o f  th e  s ie v e  p la t e #  F ix e d  i n  

osm ic a c id  w ith  0.8.M # su c ro se #
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PLATE 29 . E le c t r o n  m ic ro g ra p h  o f  s ie v e  p l a t e  f i x e d  i n  

osm ic a c id  c o n ta in in g  UÆ s u c r o s e .  The e l e c t r o n  d en se  

m a t e r i a l  o f  th e  p o re  i s  c o n t in u o u s  from  one s id e  o f  t h e  

s ie v e  p l a t e  t o  t h e  o th e r  w ith o u t  any b r e a k  i n  th e  m id d le .
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PLATE 30» L.S# S ie v e  tu b e  show ing d e t . l i e d  a t in ic tu r e  

o f  th e  s ie v e  p l a t e .  F ix e d  i n  osm ic l o l d  w ith  IM 

su c ro se »
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u s u a l ;  and  so f a r  a s  ône can  ju d g e , i t  shows l i t t l e  e v id e n c e  

o f  h a v in g  been  i n  s t r e a m in g .  A ll  t h e s e  p l a t e s  diow  i n  

l o n g t i t u d i n a l  s e c t i o n  m a tu re  and p re su m a b ly  f u n c t i o n a l  s ie v e  

e le m e n ts .  S in ce  i t  i s  d i f f i c u l t  t o  g e t  a  s i e v e - p l a t e  i n  a  

t r a n s v e r s e  s e c t i o n  by  u l t r a ra ic ro to ra y , s e c t i o n i n g  in  l o n g t i 

t u d i n a l  d i r e c t i o n  was u s e d  th ro u g h o u t .  T lie r e s u l t s ,  o b ta in e d  

h e re  on th e  g e n e r a l  n a tu r e  o f  th e  s i e v e - p l a t e  and  c o n n e c t in g  

s t r a n d s  c o n f irm  th e  f in d in g s ,  o f  H ep ton , P r e s to n  and  H ip le y  

( 1355 )» H epton (1 9 5 7 ) , P r e s to n  (1958) and  Schum acher and  

KoUmann (1 9 5 9 ) u s in g  d i f f e r e n t  p l a n t  m a t e r i a l s  and  d i f f e r e n t  

p r e p a r a t i v e  t e c h n iq u e s .

P a s s in g  on now t o  s ie v e  p l a t e s  from  young s i e v e  tu b e s ,  

th e  f i r s t  one i s  p r e s e n te d  i n  P l a t e  3 1 . I t  shows th e  same 

g e n e r a l  f e a t u r e s .  U n f o r tu n a te ly  n o t  a  s i n g l e  p o re  i s  

s e c t i o n a l .  T h is  i s  somewhat s u r p r i s i n g ,  th o u g h  i t  may be  

p o s s ib le  t h a t  th e  e lem en t i s  to o  im m ature t o  have  d e v e lo p e d  

them . I t  seem s th e  s e c t i o n  h a s  p a s s e d  r a t h e r  c lo s e  t o  th e  

w a l l ,  a  p a r t  o f  v/hich a p p e a rs  n e a r  th e  a x i s  on b o th  s i d e s  o f  

th e  p l a t e .  An i n t e r e s t i n g  f e a t u r e  o f  t h i s  s e c t i o n  i s  th e  

p re s e n c e  o f  a  l a r g e  num ber o f  i n c l u s i o n s .  The l a r g e r  o n e s  

a r e  th e  p l a s t i d s  each  show ing  s e v e r a l  e n c lo s e d  s t a r c h  g r a i n s .  

Some o f th e  s m a l le r  b o d ie s  may be m ito c h o n d r ia ,  b u t  t h a t  i s  

n o t  v e ry  c l e a r  ow ing t o  i n d i f f e r e n t  f i x a t i o n  and  th e  

l i m i t a t i o n s  o f  th e  m ic ro s c o p e . As i s  w e ll  Imown, th e
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PLATE 31# Young s i e v e  tu b e  show ing  t h i c k  l a t e r a l  w a l l ,  

s ie v e  p l a t e ,  an d  a number o f  p l a s t i d s  w hich sliow 

s e v e r  1 e n c lo s e d  s t  r d i  g ra in s *  N ote th e  a b se n c e  o f  

p o r e s .

x > -
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i n c lu s io n s  o f  th e  s i e v e - tu b e  a r e  g e n e r a l l y  lo c a te d  i n  th e  

n a rro w  l a y e r  o f  th e  p e r i p h e r a l  c y to p la sm , and  t h e i r  p re s e n c e  

i n  such  l a r g e  num bers t h e r e f o r e  may be c o r r e l a t e d  w i th  th e  

f a c t  t h a t  th e  s e c t i o n  h a s  p a s s e d  c lo s e  to  th e  w a l l .  The n e x t  

f o u r  p l a t e s  ( P l a t e s  3 2 -3 5 ) show i n  s e r i a l  s e c t i o n s  ( n o t  

c o n s e c u t iv e )  th e  f e a t u r e s  o f  a  s ie v e  p l a t e .  The c o n n e c t in g  

s t r a n d s  show r a t h e r  d i f f e r e n t  f e a t u r e s  from  w hat h a s  b een  

p r e s e n te d  so f a r .  They a r e  g r a n u la r  r a t h e r  th a n  f i b r i l l a r  

and  show t h e i r  c o n t i n u i t y  w i th  th e  s ie v e  tu b e  c y to p la s m . The 

r e a s o n  f o r  t h i s  d i f f e r e n c e  i s  n o t  c l e a r ,  b u t  i t  may be  

a s s o c i a t e d  w i th  im m a tu r ity  o r  s e n e sc e n c e  o f  th e  e le m e n t .  The 

c o n sp ic u o u s  d a rk  l i n e s  p a s s in g  a c r o s s  th e  s ie v e  p l a t e  i n  th e  

f i r s t  t h r e e  p l a t e s  seem t o  be  a r t i f a c t s  i n  s p i t e  o f  th e  f a c t  

t h a t  th e y  a p p e a r  a lm o s t i n  th e  same s i t u a t i o n s .  They do n o t 

re se m b le  th e  g r a n u la r  c o n n e c t in g  s t r a n d s ,  do n o t  a p p e a r  t o  be 

e n c a se d  in  c a l l o s e  c y l i n d e r s ,  and  do n o t  show r e a l  c o n t i n u i t y  

w i th  th e  c y to p la sm . M o reo v e r, one o f  th e  d a rk  l i n e s  i n  th e  

f i r s t  p l a t e  a p p e a rs  i n  th e  r e g io n  w here th e  l a t e r a l  w a l l  shows 

c r a c k s .  T hese d a rk  l i n e s  a r e  o r i e n t a t e d  p a r a l l e l  t o  th e  

k n i f e  edge i n  th e  p la n e  o f  s e c t io n in g  and may have b een  fo rm ed  

due to  " ru c k in g "  o f  t h e  m e th a c r y la t e .  The l a s t  t h r e e  p l a t e s  

o f  t h i s  s e r i e s  a l s o  show a  l a r g e  " r e t i c u l a t e "  i n c l u s i o n  on 

one s id e  o f  th e  s ie v e  p l a t e  r a t h e r  s im i l a r  i n  a p p e a ra n c e  to  

many o h l o r o p l a s t s .  The n a tu r e  o f  t h i s  body w i l l  be  d i s c u s s e d
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PLATE 3 2 . F i r s t  o f  th e  f o u r  s e r i a l  s e c t i o n s  (n o t  

c o n s e c u t iv e )  show ing s ie v e  tu b e  from  a young p e t i o l e .  

F ix e d  i n  osm ic a c id  w ith  IM su c ro se*
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PIliTE 33# Second oerlal section® Hote a largo 
"Incluoion-1 Ike" structure*



P L i i T E  34. T h ird  s e r i a l  s e c t io n ,  N ote t h e  ap p ea ran ce  

o f th e  cy to p lasm  and th e  c o n n e c tin g  s t r a n d s .
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PLiiTE 35» L a s t s e r i a l  s e c t io n .  N ote th e  s t r u c t u r e  

marked A,
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i n  c o n n e c tio n  w ith  come l a t e r  p h o to g ra p h s  ta k e n  a t  much 

h ig h e r  r e s o l u t i o n  w ith  an EM6 m ic ro sc o p e . The m a t e r i a l s  o f  

a l l  th e s e  p l a t e s  w ere o b ta in e d  from  sp ec im ens f i x e d  i n  Vf»

OSO4 w ith  M  s u c ro s e .

M a te r ia ls  p re p a re d  a s  above , b u t  from  s ie v e - tu b e s  from  

" s e n e s c e n t"  p e t i o l e s  a re  p r e s e n te d  i n  th e  n e x t  two s e r i a l  

s e c t io n s  ( P la t e s  36 and 3 7 )-  They show th e  d o u b le  d a rk  l i n e  

i n  th e  s ie v e  p l a t e  v e ry  p ro m in e n tly , th e  n a c re o u s  l a t e r a l  

w a l l  and th e  g r a n u la r  c o n n e c t in g  s t r a n d s  b e in g  c o n tin u o u s  

w ith  th e  g r a n u la r  f i b r i l l a r  c y to p la sm . T here does n o t  seem 

to  be an  e x c e s s iv e  d e p o s i t  o f  c a l l o s e  to  i n d i c a t e  c e s s a t io n  

o f  a c t i v i t y  by  th e  s i e v e - tu b e , b u t  t h i s  i s  h a r d ly  to  be 

e x p e c te d  in  such  a  s h o r t - l i v e d  o rg an  a s  th e  p e t i o l e  o f th e  

p r e s e n t  s u b j e c t .  These f e a t u r e s  seem to  i n d i c a t e ,  a s  s t a t e d  

e a r l i e r ,  t h a t  th e  s ie v e - tu b e  i s  s t i l l  p o t e n t i a l l y  f u n c t i o n a l  

i n  s p i t e  o f th e  f a c t  t h a t  i t  was o b ta in ed , from  th e  p e t i o l e  o f  

a  s e n e sc e n t l e a f .  One l a r g e  body on e i t h e r  s id e  o f  th e  

s i e v e - p la te  can  be se e n . One o f them  a p p e a rs  t o  be o f  th e  

same n a tu r e  a s  t h a t  p r e s e n te d  i n  th e  P l a t e s  3 3 -3 5 . The o th e r  

m ig h t p o s s ib ly  be a  la r g e  p l a s t i d ,  o r  a l t e r n a t i v e l y  a  p ro c e s s  

from  th e  n a c re o u s  w a l l .  N ear t o  i t  th e r e  seem to  be s e v e r a l  

m ito c h o n d r ia .

B efo re  p a s s in g  on to  th e  r e s u l t s  o f  th e  specim en  

p r e p a r a t io n  a c c o rd in g  to  S chedu le  2 , a  few more m ic ro g ra p h s
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PLA.TE 36# F i r s t  o f  th e  two s e r i a l  s e c t io n s  shov/ing a 

s ie v e  tu b e  from  a s e n e sc e n t p e t io le *  N ote one l a r g e  

in c lu s io n  on e i t h e r  s id e  o f  th e  s ie v e  p la te *  F ix ed  in  

osmic a c id  w ith  IM sucrose*
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PLATE 37 . Second s e r i a l  s e c t i o n .  N ote th e  d o u b le  

membrane n a tu r e  o f  th e  s t r u c t u r e  m arked A.
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o f  m atu re  s ie v e - tu b e s  a r e  p r e s e n te d  to  com plete  th e  o v e r a l l  

p i c t u r e  o f th e  spec im en  p r e p a r a t io n  a c c o rd in g  to  S chedu le  1 .

So f a r  o n ly  s e l e c t e d  m ic ro g ra p h s  have been  d e s c r ib e d .  P l a t e  

38 shows a  s ie v e - tu b e  w ith  s ie v e  p l a t e .  The s e c t io n  a p p e a rs  

t o  be v e ry  o f f  c e n t r e .  The s ie v e  p l a t e  shows th e  same , 

f e a t u r e s  e x c e p t f o r  th e  c o n n e c tin g  s t r a n d s ,  th u s  g iv in g  th e  

im p re s s io n  o f  v a c u o la r  c o n t in u i ty  a c ro s s  th e  s i e v e - p l a t e .  I t  

seems t h i s  s i e v e - p l a t e  was s i t u a t e d  on one o f  th e  ex trem e  en d s  

o f  th e  0 . 5-lmp-. t h i c k  p e t i o l e  p ie c e  u se d  in  f i x a t i o n ,  and th e  

dou b le  c u t t i n g  m ethod co u ld  n o t  n e u t r a l i s e  th e  sudden r e l e a s e  

o f  th e  tu r g o r  p r e s s u r e .  T h is  m igh t have blown away th e  

c o n n e c tin g  s t r a n d s ,  o r  a l t e r n a t i v e l y  o a n o tic  d i s e q u i l ib r iu m  may 

have f o r c e d  th e  cy to p lasm  to w a rd s  th e  c e l l  a x i s .  T h is  

m ic ro g ra p h  shows th e  th r e e  ty p e s  o f  c e l l s  fo u n d  i n  th e  m eta 

phloem  a s  m en tio n ed  i n  c o n n e c tio n  w ith  th e  o p t i c a l  P l a t e  3 * 

nam ely th e  s i e v e - tu b e ,  com panion c e l l  and parenchym a on i t s  

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

cy to p la sm  i s  c e r t a i n l y  u n s a t i s f a c t o r y .  The m a t e r i a l  o f  t h i s  

m ic ro g ra y h  was o b ta in e d  from  th e  specim en f ix e d  i n  th e  f i x a t i v e  

w ith o u t s u c ro s e .  The n e x t  p l a t e  ( P la te  39) shows a s i e v e -  

tu b e  f i x e d  in  1;G OSO4 w ith  0.5M s u c ro s e .  I t  re se m b le s  v e ry  

c l o s e l y  th e  m ic ro g ra p h  o f  th e  P l a t e  38 i n  i t s  ab sen ce  o f  th e  

c o n n e c tin g  s t r a n d s .  The re a s o n  f o r  th e  absence  o f  th e  

c o n n e c tin g  s t r a n d s  co u ld  be e x p la in e d  on th e  b a s i s  o f  th e
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PL/iTE 38 . L .S . S iev e  tu b e  w ith  a phloem  parenchym a and  

a com panion c e l l  on i t s  l e f t  and r i g h t  r e s p e c t i v e l y .  

P o re s  a r e  d ev o id  o f  c o n te n ts .  S e c t io n  seems to  be  

v e ry  o f f  c e n t r e .  F ix ed  in  osmic a c id  v /ith o u t su c ro se*
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PLATE 39. L .S . o f  s ie v e  tu b e  w ith  a  s ie v e  p l a t e .  The 

s ie v e  p o re s  a r e  d ev o id  o f  t h e i r  c o n te n ts .  F ix ed  in  osm ic 

a c id  w ith  0.5M s u c ro s e .



argum en ts  advanced  f o r  th e  P l a t e  38* A l te r n a t iv e ly ^  th e  

s e c t io n  m igh t have p a s s e d  th ro u g h  th e  c a l l o s e  c y l in d e r  o n ly .

T hat t h i s  m igh t a ls o  be a  p o s s i b i l i t y  i s  su g g e s te d  from  th e  

P l a t e  40 , v h ic h  i s  a  h ig h e r  m a g n if ic a t io n  o f  th e  p re v io u s  p l a t e .  

In  th e  r e g io n s  o f  th e  p o re s  s u r f a c e  cy to p la sm  seem s c o n tin u o u s  

and n o t  b ro k en . The d o t te d  ap p ea ran ce  o f  th e  s u r f a c e  

c y to p la sm  i s  v e ry  r e g u l a r ,  and i n  th e  l i g h t  o f some o f  th e  

h ig h e r  r e s o l u t i o n  m ic ro g ra p h s  to  be shown l a t e r  t h i s  w ould

seem to  be n o t  a l t o g e t h e r  a n  a r t i f a c t .  I n  th e  l a s t  m ic ro g ra p h
( •

o f t h i s  a e r i e s ,  o f  a  s ie v e - tu b e  f i x e d  in  th e  f i x a t i v e  

c o n ta in in g  IM s u c ro s e , Ëiown in  P l a t e  41» some o f  th e  p o re s  

daow th e  d a rk  c o n n e c tin g  s t r a n d s  a c r o s s  th e  s ie v e  p l a t e  w h ile  

o th e r s  a r e  d ev o id  o f  i t .  I t  would seem t h a t  t h i s  s ie v e  p l a t e  

was f u r t h e r  in s id e  from  th e  end o f  th e  0 .5 -lm ia . t h i c k  p e t i o l e
I  '  it  -*■[ '  -

p ie c e  u se d  in  f i x a t i o n .  Prom th e s e  i t  would a p p e a r  t h a t  so  

f a r  th e  double c u t t i n g  m ethod o f  S chedule 1 i s  co n c e rn ed  

o n ly  th e  c e n tr a l -m o s t  s ie v e  p l a t e s  o f 0 .5 - lm p . t h i c k  p e t i o l e  

p ie c e s  would be s u i t a b l e  f o r  e l e c t r o n  m ic ro sc o p ic  i n v e s t i g a t i o n .  

T h is  m igh t ac co u n t f o r  good p r e s e r v a t io n  o f  th e  s ie v e  p l a t e s  

p r e s e n te d  i n  P l a t e s  26 and 30, and bad p r e s e r v a t io n  o f  th e  

s ie v e  p l a t e  o f th e  m ic ro g ra p h  28 . A d d itio n  o f s u c ro s e  t o  th e  

f i x a t i v e  does n o t  seem t o  im prove f i x a t i o n  much in  th e  p r e s e n t  

s tu d y .
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PLATE 4 0 . H ig h er m a g n if ic a t io n  o f  P l a t e  39 . The p o re s  

seem to  b e  co v e red  @'/er by  th e  s u r fa c e  cy to p la sm .

Note th e  " d o t t e d - l i n e "  ap p ea ran ce  o f th e  in n e r  l i m i t  o f  

th e  n a c re o u s  w all»
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PLATE Ul# L .S . S iev e  tu b e  w ith  s ie v e  p l a t e .  

P r e p a ra t io n  i s  n o t  v e ry  good. F ix ed  in  osm ic a c id  

w ith  IM s u c ro s e .
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Now th e  r e s u l t  o f  th e  p r e p a r a t i v e  te c h n iq u e  a c c o rd in g  to  

S chedu le  2 w i l l  he d e s c r ib e d .  I t  can  be m e n tio n e d , how ever, 

a t  once t h a t  t h i s  m ethod y ie ld e d  th e  b e s t  r e s u l t  o f  a l l  th e  

t h r e e  te c h n iq u e s  t r i e d  i n  th e  p r e s e n t  i n v e s t i g a t i o n .  T h is  i s  

r e f l e c t e d  n o t  o n ly  i n  th e  b e t t e r  f i x a t i o n  o f  th e  s i e v e - tu b e s  

th e m se lv e s  b u t a l s o  i n  th e  g e n e ra l  p r e s e r v a t io n  o f  a lm o s t a l l  

th e  c e l l  com ponents. I t o t h e r ,  t h i s  m ethod a l s o  gave th e  

l a r g e s t  number o f  s ie v e  p l a t e s  w ith  c o n n e c tin g  s t r a n d s  ; i n  

f a c t  a  s ie v e  p l a t e  w ith o u t c o n n e c tin g  s t r a n d s  co u ld  n o t  be 

fo u n d . Use o f  1^ p h o s p h o tu n g s tic  a c id  and 0 .5 ^  u r a n y l  a c e t a t e  

a s  e l e c t r o n  s t a i n s  in c r e a s e d  th e  o v e r a l l  c o n t r a s t  w hich  was 

n o t  o n ly  p le a s in g  to  th e  eye b u t  a l s o  b ro u g h t o u t p lasm odesm ata  

more d i s t i n c t l y .  I t  may, how ever, be  p o in te d  o u t t h a t  s l i g h t l y  

l e s s  s t a in in g  would have g iv e n  s t i l l  b e t t e r  r e s u l t s .  The 

u s e f u ln e s s  o f t h i s  te c h n iq u e  can  be em phasised  by s t a t i n g  t h a t  

i t  was u sed  a t  a  tim e  when th e  p l a n t  was n o t  g row ing  r e a l l y  

s a t i s f a c t o r i l y .

S ince th e  s t r u c t u r e  o f  th e  s ie v e  p l a t e  h a s  been  f a i r l y  

f u l l y  d e s c r ib e d  e a r l i e r ,  o n ly  s p e c ia l  f e a t u r e s  o f  th e  m ic ro g ra p h s  

t o  be p re s e n te d  now w i l l  be d e s c r ib e d .  A la r g e  number o f  

m ic ro g rap h s  w i l l  now be d e s c r ib e d  so t h a t  a  more co m p le te  

p i c tu r e  o f  th e  s ie v e - tu b e  co u ld  be o b ta in e d .  P l a t e  42 shows 

th r e e  c o n n e c tin g  s t r a n d s ,  two o f  w hich  e x ten d  from  one a id e  

o f  th e  s ie v e  p l a t e  t o  th e  o t h e r . The b ra n c h in g  n a tu r e  o f
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PluVïE kZ* S iev e  p l a t e  show ing th r e e  c o n n e c tin g  e tr iu a d s . 

The two s t r a n d s  tow ards th e  l a t e r a l  w a lls  a r e  

c o n tin u o u s  from  one s id e  o f th e  s ie v e  p l a t e  to  th e  o th e r  

and show b ra n c h in g  ten d en c y . F ix e d  a c c o rd in g  to  

S chedule 2 .
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th e s e  two s t r a n d s  i s  q u i t e  d i s t i n c t .  I n  th e  n e x t  t h r e e  

p l a t e s  ( P l a t e s  43, 44 and 45) a r e  p r e s e n te d  th e  s e r i a l  s e c t io n s  

(n o t  c o n s e c u tiv e )  o f  th e  two a d ja c e n t  s i e v e - tu h e s  w ith  s ie v e  

p l a t e s  and a  com panion c e l l ,  a  p a r t  o f  w hich can  he seen  in  

P l a t e  44 . The n a c re o u s  w a l l  shows good p r e s e r v a t io n  o f  i t s  

s t r u c t u r e .  The l a s t  two m ic ro g ra p h s  a l s o  show a  s t r u c t u r e  

w hich  c o u ld  p o s s ib ly  he i n t e r p r e t e d  a s  a  t o n o p l a s t .  A 

somewhat s im i l a r  s t r u c t u r e  h a s  b een  c o n s id e re d  a s  a  t o n o p la s t  

by Schumacher and  Kollmann (1 9 5 9 ) . I t  may, n e v e r t h e l e s s ,  be 

p o in te d  o u t t h a t  sm a ll c i r c u l a r  b o d ie s  i n  P la t e  45 seem to  

l i e  w ith o u t a  "co v e r"  on th e  s id e  w a l l s ,  a  f e a tu r e  w hich  w ould 

h a r d ly  be e x p e c te d  i f  a  to n o p la s t  were p r e s e n t .  I n  t h i s  l a s t  

p l a t e ,  th e  s ie v e  tu b e  v /ith  th e  s o - c a l l e d  to n o p la s t  shows a  

number o f r e le a s e d  s t a r c h  g r a in s  on one s id e  o f  th e  s ie v e  

p l a t e .  They a re  c i r c u l a r  i n  o u t l i n e  and show a  c l e a r  c e n t r e .  

The s e c t io n  o f  one o f th e  s ie v e  tu b e s  i n  th e s e  p l a t e s  i s  v e ry  

o f f  c e n tr e  and in  t h i s  one o f  th e  s ie v e -e le m e n t  shows th e  

"overhang" o f  th e  n a c re o u s  w a l l .

A no ther s ie v e  tu b e  w ith  s ie v e  p l a t e  i n  s e r i a l  s e c t io n s  

(n o t c o n s e c u tiv e )  i s  p re s e n te d  i n  th e  P l a t e s  4 6 -4 9 . The 

s ie v e  p l a t e  shows many s t r a n d s  w hich r e v e a l  t h e i r  c o n t in u i ty  

w ith  th e  cy to p lasm  i n  one o f  th e  s ie v e - tu b e  e le m e n ts .  I f  

i t  i s  assum ed t h a t  th e  s e c t io n  i s  c lo s e  t o  th e  w a l l ,  th e
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PL \̂TE 14-3* P i r a t  s e r i a l  s e c t i o n .  I t  shows two s ie v e  

tu b e s  v /ith  t h e i r  s ie v e  p l a t e s  and one com panion c e l l  

N ote th e  w a ll s t r u c t a r e .
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PLATE Uh* Second s e r i a l  s e c tio n *  Note a p a r t  o f  th e  

cw w an io n  o e i l  and th e  "overhang" o f  th e  n a c re o u s  w a l l  i n  

one o f  th e  s ie v e  e le m e n ts .
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PIuVTF U5» T h ird  and  th e  l a s t  s e r i a l  s e c t i o n .  One o f  

th e  s ie v e  e le m e n ts  shows a " t o n o p l a s t - l i h c "  s t r u c t u r e .



to (

PL/i,TE 1+6. F i r s t  o f  th e  f o u r  s e r i a l  s e c t io n s  (n o t  

c o n s e c u tiv e )  o f  th e  s ie v e  tu b e  w ith  a p a r t  o f  i t s  

companion c e l l .  A c o n n e c tin g  s t r a n d  be tw een  th e  s ie v e  

tu b e  and th e  companion c e l l  can  be se e n .

I
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PLfA.Tr 47# Second o f  th e  fo u r  s e r i a l  s e c t i o n s .  Note 

th e  c o n n e c tin g  s t r a n d  b e tw een  th e  s ie v e  tu b e  and  i t s  

com panion c e l l  w hich shows two m itochondi»ia#
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PLiiTE 1+8» T h ird  o f th e  f o u r  s e r i u l  a e c t io n o .  Note th e  

appeario ioe o f  th e  oytoplawm w h id i i s  c o a tin u o u s  w ith  th e  

c o îia e c tin g  a tr^ n d *  o f  th e  s ie v e  p la te *  The m ito e h o a d r ia  

o f  th e  com panion c e l l  showa th e  double-m em brane n a tu r e  

I t e  c r io ta e *
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PLàTE ItSf W a t  o f  th e  fo u r  s e r i a l  s e c t io n s .  N ote a 

p e trt o f  th e  n a c re o u s  w a ll  i n  th e  lumen o f  th e  s ie v e  

e lem en t i n  th e  r e g io n  o c c u p ie d  by  cy top lasm  in  th e  f i r s t  

th x ^ e  m ic ro g ra p h s . T h is  shows th e  u e o tio n e  w ere c lo s e d  

to  th e  w all*



bS

p re se n c e  o f  t h i s  " p e r ip h e r a l "  c y to p la sm  co u ld  be e x p la in e d .

The o y to p lasm  a p p e a rs  t o  be g r a n u l a r - r e t i c u l a t e  i n  n a tu r e  

and a p p e a rs  s i m i l a r  t o  th e  cy to p la sm  o f  a  parenchym a c e l l  

shown i n  P la te  50 . The r e t i c u l a t e  n a tu r e  o f  th e  cy to p la sm  

seems a ls o  t o  be r e f l e c t e d  i n  some o f  th e  c o n n e c tin g  s t r a n d s .  

I f  a  l o n g t i t u d i n a l  s e c t i o n  th ro u g h  t h i s  cy to p la sm  i s  c u t  

a  " d o t te d  l i n e "  a p p e a ra n c e  a s  m en tio n ed  e a r l i e r  m ig h t 

c o n c e iv a b ly  be  o b ta in e d .  The com panion c e l l  o f  t h i s  s ie v e

tu b e  can  a l s o  be seen  and shows th e  m ito c h o n d r ia  w h ich .....

a p p e a r b e t t e r  p re s e rv e d  th a n  th o s e  f i x e d  a t  pH5-8 shown i n  

P l a t e  1 4 . There seem s to  be a  c jr to p la sm ic  c o n n e o tio n  

betw een  th e s ie v e  tu b e  and i t s  com panion c e l l  n e a r  th e  ju n c t io n  

o f th e  s ie v e  p l a t e  and l a t e r a l  w a l l .  The p e r ip h e r a l  n a tu r e  

o f  th e  s ie v e - tu b e  cy to p la sm  i s  r a t h e r  more c l e a r l y  s e e n  i n  

th e  P l a t e s  51 and 52 show ing tw o s e c t io n s  o u t o f  a  s e r i e s  o f  

f i v e  o f  th e  s ie v e  tu b e  lum en. The p l a t e s  show th e  

d i s p o s i t i o n  o f  th e  r e t i c u l a t e  cy to p la sm  aro u n d  th e  p e r ip h e r y
' 'I

o f a hump o f th e  n a c re o u s  w a l l  p r o j e c t i n g  i n to  th e  s ie v e  tu b e  

lum en.

A s ie v e  p l a t e  from  th e  s ie v e  tu b e  shown in  P l a t e s  51 and 

52 i s  p re s e n te d  i n  f i v e  s e r i a l  s e c t i o n s  ( P l a t e s  5 3 -5 7 ) .

These p l a t e s  have b een  in c lu d e d  to  show, b e s id e s  th e  g e n e r a l  

n a tu r e  o f th e  s ie v e  p l a t e ,  th e  d e f i n i t e  te n d e n c y  o f  th e  

c o n n e c tin g  s t r a n d s  t o  b ra n c h . The c o n n e c tin g  s t r a n d s  a p p e a r
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PLATE 50 . C ytoplasm  In  a parenchym a c e l l  f o r  

com parison  w ith  t h a t  o f  th e  s ie v e  tu b e  p r e s e n te d  in  

P l a t e s  1+6-49 «
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PL/iTE 51 . S iev e  tu b e  w ith  a hump o f  th e  n a c re o u s  w a ll  

p r o j e c t i n g  in to  th e  lum en. P e r ip h e r a l  cy top lasm  

a p p e a rs  around  th e  hump.



%

PLATE 5 2 .  Second s e r i a l  s e c t io n  o f th e  s ie v e  tu b e  

p r e s e n te d  in  P l a t e  5 1 *
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PLATE 53» F i r  e t  o f  th e  f i v e  s e r i a l  s e c t lo n a .  K ote th e  

ten d en cy  o f  th e  narrow  c o n n e c tin g  s t r a n d e  to  b ran ch *  

The s ie v e  p i s t e  show* heavy  o a l lo a in g »
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PLiiTE Second o f  th e  f i v e  s e r i a l  s e c tio n s *  N ote th e  

c o n t in u i ty  o f  th e  s t r a n d s  w ith  th e  p e r ip h e r a l  cytoplasm *
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PLATE 55# T h ird  o f  th e  f i v e  s e r i a l  s e c t i o n s .



[I*

PLATE 5 6 , F o u rth  o f  th e  f i v e  s e r i a l  s e c t i o n s .



P L A T E  5 7 . L a s t  o f  th e  f i v e  s e r i a l  s e c tio n ® . N ote th e  

b ra n c h in g  ten d en cy  o f  th e  c o n n e c tin g  s t r a n d s  w h ich , 

even though  th e y  a r e  n  rro w , a r e  c o n tin u o u s  from  one 

s id e  o f  th e  s ie v e  p l a t e  t o  th e  o th e r .



114

v e ry  n a rro w . T h is  may be c o r r e l a t e d  w ith  th e  f a c t  t h a t  

th e r e  seems t o  be heavy  c a l l o s i n g  due to  u n fa v o u ra b le  g row th  

c o n d i t io n s  i n  w in te r .  The c a l lo s a  i s  n o t  l i m i t e d  t o  -s ie v e  

p o re s  b u t  e x te n d s  a l s o  on e i t h e r  a id e  o f  th e  s ie v e  p l a t e .

The n e x t p l a t e  ( P l a t e  58) o f  a  r a t h e r  t h i c k  s e c t io n  h a s  

b een  in c lu d e d  f o r  ccm p ariso n  w ith  th e  m ic ro g ra p h s  p r e s e n te d  

i n  P l a t e s  5 9 -6 2 , ta k e n  on a  new M e tro p o l i ta n  V ic k e rs  EM6 

e l e c t r o n  m ic ro sc o p e . I n  th e  l a t t e r  th e  c y to p la sm ic  

s t r u c t u r e  h a s  been  r e s o lv e d  much b e t t e r  th a n  i n  th e  fo rm e r . 

Only th e  l a t t e r  s e t  o f  m ic ro g ra p h s  w i l l  be d e s c r ib e d .  The 

oy to p lasm  on e i t h e r  s id e  o f  th e  s ie v e  p l a t e  a p p e a rs  t o  be i n  

a  lo o s e  r e t ic u lu m , th e  f i b r i l s  lia v in g  l i t t l e  d e f i n i t e  

a rran g em en t excep t n e a r  th e  p l a t e .  I n  some o f  th e  h i é ^ e r  

m a g n if ic a t io n  m ic ro g ra p h s  th e  th r e a d  o f  th e  " r e t ic u lu m "  

a p p e a rs  a s  a  double membrane s e p a ra te d  by a  apace w hich  m i ^ t  

p e rh a p s  be 15mp. w id e . The t o t a l  th ic k n e s s  o f  a  th r e a d  

in c lu d in g  th e  sp ace  m easu res  ab o u t 29nya, These th r e a d s  

e x te n d  i n to  th e  s ie v e  p o re s  where th e y  a re  a r ra n g e d  l o n g t i -  

t u d i n a l l y  and co m p ac tly . The double membrane n a tu r e  o f  

th e s e  lo n g l j i tu d in a l  " f ib r e s "  i n  th e  s ie v e  p o re  can. a l s o  be 

c o n je c tu r e d . More w i l l  be s a id  ab o u t th e s e  i n  th e  D is c u s s io n . 

A s t a r c h  g r a in  w i th in  th e  cy to p la sm  can  be se e n  one s id e  o f  

th e  s ie v e  p l a t e .  We now p a s s  on to  th e  r e s u l t s  o b ta in e d  by  

p r e p a r a t io n  a c c o rd in g  to  S chedu le  3*
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PLiTE 58# S iev e  p l a t e  w ith  c o n n e c tin g  s t r a n d s .  The 

cy top lasm  in  th e  s ie v e  e lem en ts  h a s  an  ap p e a ran c e  o f  

lo o se  ’’re tic u lu m "#
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PL ÆE 59* 3&rae s ie v e  p l a t e  w hich i s  shown in  th e  

p re v io u s  m ici'og raph . Taken on EM6 e le c t r o n  m icrosco, 

N ote th e  d i f f e r e n c e  i n  r e s o l u t i o n .
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PL.4.TE 60 . H igher m a g n if ic a t io n  o f  th e  p re v io u s  

m ic ro g rap h . The th re a d s  o f  th e  lo o s e  " re t ic u lu m "  show 

th e  double-m em brane n a tu r e .  Taken on EM6 e l e c t r o n  

m ic ro sco p e .
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PLVTE 6 1 . One o î  th e  c o n n e c tin g  s t r a n d s  ü ’oœ P l a t e  6o 

a t  u h ig h e r  m a g n if ic a t io n .  T he  d o ab ls-ae iab ran e  n a tu r e  

o f  th e  l o n g i tu d in a l  " f ib r e a "  i n  th e  s ie v e  p o re  con be 

&BCXX* Tukisa Oil EM6 © Xcctron m icroscope*
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PL.ATE 62, m o th e r  c o n n e c tin g  s t r a n d  from P l a t e  6o a t  

a h ig h e r  m a g n if ic a t io n .  Taken on EM6 e le c t r o n  

m icr-oscope.
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S ince th e  r e s u l t s  o f  f i x a t i o n  f o r  5, 10 and 15 m in u te s  

w ere n o t  n o t ic e a b ly  d i f f e r e n t  from  each  o th e r ,  th e  m ic ro g ra p h s  

p r e s e n te d  h e re  w i l l  be d is c u s s e d  o n ly  In  te rm s o f  EMnO  ̂ f i x a t i o n  

and n o t  o f  th e  tim e  o f  f i x a t i o n .  The two P l a t e s  63 and  64 a re  

t y p i c a l  o f  many t h a t  w ere o b ta in e d  and th e  s ie v e  p l a t e s  a p p e a r  

to  be c a l lo s e d .  None o f  th e  s ie v e  p l a t e s  o b ta in e d  showed th e  

c o n n e c tin g  s t r a n d s  even  when th e  s e c t io n  p a s se d  th ro u g h  a  p o r e .  

T h is  can  be seen  from  P l a t e  6 4 . T h is  i s  t o  b e  r e g r e t t e d  s in c e  

KltoO/j. I s  r e p o r te d  to  b r in g  o u t th e  membranous s t r u c t u r e  c l e a r l y .  

S ince  th e  i n i t i a l  t r i a l  w ith  KlfnO^ d id  n o t  p rove  s a t i s f a c t o r y ,  

and tim e d id  n o t p e rm it  c a r r y in g  on more e x p e r im e n ta t io n , i t  I s  

d i f f i c u l t  to  comment f u r t h e r  on th e  absence  o f  th e  c o n n e c t in g  

s t r a n d s  In  th e  p o re s .  A p o s s ib le  s w e l l in g  e f f e c t  on th e  m idd le  

la m e l la  can be s e e n , th e  m id d le  la m e l la  a p p e a r in g  w id e r th a n  In  

a l l  th e  p re v io u s  m ic ro g ra p h s . One v e ry  Im p o rta n t f e a t u r e  o f  

EMnO  ̂ f ix e d  m a te r i a l s  was th e  p re se n c e  o f  a  l a r g e  number o f  

ro u n d  b o d ie s  som etim es w ith  a  c l e a r  c e n tr e  and n o t  o n ly  on e i t h e r  

s id e  o f  th e  s ie v e  p l a t e  b u t  In  th e  lumen o f th e  s ie v e  tu b e  

I t s e l f .  T h is  was p u z z l in g  In  th e  b e g in n in g , b u t  l a t e r  th e y  

p ro v ed  to  be r e le a s e d  " s ta r c h "  g r a in s .  More v /lU  be s a id  about 

th e s e  l a t e r  on . I t  may f i n a l l y  be added t h a t  f ix e d

m a te r i a l  d id  n o t  show much c o n t r a s t  æ id som etim es I t  was d i f f i c u l t  

t o  c u t r ib b o n s  o f  good s e r i a l  s e c t io n s  w ith  m a t e r i a l s  embedded 

In  m e th a c ry la te .
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PLi'iTE 63» S ie v e  tu b e  o b tu ln e d  from  p e t i o l e  f ix e d  i n  

KMnO^. N ote th e  ab sen ce  o f  p o re s  and th e  p re s e n c e  o f  

r e le a s e d  s t a r c h  g r a in s  n e a r  th e  s ie v e  p l a t e .
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PLiiTE 6iî « A n o th e r s ie v e  tu b e  from  p e t i o l e  f i x e d  i n  

M iddle la m e lla  a p p e a rs  w id e r . "She p o re  i a  

d ev o id  o f  i t s  c o n te n t .  N ote th e  r e le a s e d  s t a r c h  g r a in s  

n e a r  th e  s ie v e  p l a t e .

KMnO^.
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4 . S ieve a r e a  ’

The te rm  s ie v e  a r e a  h a s  b een  u se d  h e re  i n  th e  s e n se  o f  

a  d e p re s s io n  i n  th e  l o n g t i t u d i n a i  w a l l  w ith  c l u s t e r s  o f  p o re s  

th ro u g h  w hich th e  cy to p la sm  o f  th e  a d ja c e n t  s ie v e  tu b e s  o r  

th e  s ie v e  tu b e  and i t s  com panion c e l l  a re  c o n n e c te d  by  

s t r a n d s .

In  some o f  th e  e a r l i e r  m ic ro g ra p h s  d e a l in g  w ith  th e  

n a c re o u s  w a l l ,  a d ja c e n t  s ie v e  tu b e s  a r e  Ëiown. The common 

l o n g t i t u d i n a i  w a ll  o f  th e s e  e le m e n ts  f r e q u e n t ly  owe
I

c o r re sp o n d in g  d e p re s s io n s  v/hich a re  c o n s id e re d  to  be th e

re g io n  of s ie v e  a r e a .  E v idence  f o r  t h i s  v iew  i s  p r e s e n te d

i n  P la t e  55 . T h is  m ic ro g ra p h  shows in  lo n ^ ^ tl tu d ln a l  s e c t io n

two s ie v e  tu b e s  ly in g  s id e  by  s id e ,  t h e i r  common l o n g t i t u d i n a i

w a l l  shov/ing c o r re s p o n d in g  t h i n  a r e a s .  ' I n  th e  r e g io n ' o f  t h i s

can be seen  two p o re s  c u t - i n  an  a p p ro x im a te ly  m edian

l o n g l i t u d in a l  p la n e ,  and f i l l e d  w ith  a p p a re n t ly  dense  
11 ; -

cy to p la s ia  c o n tin u o u s  w ith  t h a t  l i n i n g  th e  s ie v e  e le m e n t .

The c o n n e c tin g  s t r a n d s  a p p e a r  i n t e m e d i a t e  i n  s i z e  b e tw een

th o s e  o f  th e  s ie v e  p l a t e  and p la sm o d e a a a ta  o f  th e  p r im a ry

p i t  f i e l d s  d is c u s s e d  l a t e r .

A c o n n e c tin g  s t r a n d  betw een  th e  s ie v o - tu b e  and  i t s  

companion c e l l  h a s  a l r e a d y  b een  shown in  P l a t e  47,. ■ The 

s tra n d  i s  n o t  shown c o n tin u o u s , b u t t h i s  i s  p ro b a b ly  due t o  

i t s  b e in g  in c l in e d  t o  th e  p la n e  o f th e  s e c t io n . I ' -

\

\
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PL/iTE 65# L .8 . o f  two a d ja c e n t  s ie v e  tu b es#  The two 

p o re s  o f  th e  s ie v e  a re a  on th e  common l a t e r a l  w a ll  show 

th e  c o n n e c tin g  s t r a n d s  c o n tin u o u s  w ith  t h a t  l i n i n g  th e  

s ie v e  e lem ents#
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5- P rim ary  p i t  f l e l d g  i n  th e  phloem  parenchym a

P rim ary  p i t  f i e l d s  have been  d e f in e d  to  be  d e p r e s s io n s  

i n  th e  p r im a ry  w a ll  where p lasm odesm ata  a r e  c o n c e n t r a te d .

The l a t t e r ,  due to  t h e i r  m inu te  s i z e ,  a re  d i f f i c u l t  t o  

d em o n s tra te  o p t i c a l l y .  T h e re fo re  e a r l i e r  s t u d i e s  o f  th e s e  

s t r u c t u r e s  were c a r r i e d  o u t by  s w e l l in g  th e  w a ll  and  u s in g  

p r e c i p i t a t i o n  r e a c t i o n s .

In  p r e p a r a t io n s  a c c o rd in g  to  S ch ed u le s  1 and 3 f o r  

e l e c t r o n  m ic ro sco p y  i t  was r a t h e r  d i f f i c u l t  t o  d e m o n s tra te  

p lasm odesm ata  in  th e  phloem  parenchym a c e l l s .  T h is  may 

p a r t l y  be due to  th e  bad  p r e p a r a t iv e  te c h n iq u e  and p a r t l y  due 

to  la c k  o f  c o n t r a s t .  H epton (1 9 5 7 ) , who u se d  p r e t r e a t e d  

phloem  m a te r i a l ,  a l s o  found  d i f f i c u l t y  i n  d e m o n s tra tin g  th em . 

T h is  s u g g e s ts  t h a t  l a c k  o f  c o n t r a s t  i s  a  p r i n c i p l e  o b s t a c l e .  

When th e  o v e r a l l  c o n t r a s t - o f  th e  s e c t io n s  o b ta in e d  from  

p r e t r e a t e d  phloem was in c r e a s e d .b y  u s in g  p h o sp h o tu n g s tio  a c id  

and u ra n y l  a c e t a t e  a s  in  S chedu le  2, i t  was f a i r l y  e a sy  to  

d em o n stra te  p lasm odesm ata . -The r e s u l t  from  such  a  

p r e p a r a t io n  i s  shewn In  P l a t e  6 6 . T hat t h i s  i s  n o t  r a r e  i s  

f u r t h e r  shown by fo u r  s e r i a l  s e c t io n s  (n o t c o n s e c u tiv e )  

p re s e n te d  i n  P l a t e s  6 7 -7 0 . These m ic ro g ra p h s  can be  com pared 

w ith  th o s e  show ing p lasm odesm ata  p u b l is h e d  by W haley, M oU en- 

h a u e r  and K ephart (1 9 5 9 ), H o lle n h a u e r  (1 9 5 9 ), M arinos ( i9 6 0 )  

and P o r t e r  and îfechado ( I 9 6 0 ) .  A l l  th e s e  w o rk e rs  u s e d  MnO^
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PLiiTE 66# Plasm odesm ata on th e  common l a t e r a l  w a ll  o f  

two phloem  parenchym a c e l l s *  N ote th e  c o n t in u a t io n  o f  

th e  p lasm odesm ata v /ith  what i s  a p p a re n t ly  endo p lasm ic  

re ticu lu m #
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PIuiTE 6 7 . F i r s t  o f  th e  fo u r  s e r i a l  (n o t  c o n s e c u t iv e )  

s e c t io n s  show ing p lasm odesm ata  on th e  comiiuon t r a n s v e r s e  

w a ll  of two phloem  parenchym a c e l l s .
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PL/iTE 68» Second o f  th e  fo u r  s e r i a l  s e c t i o n s .  N ote a

m edian c a v i ty  in  one o f  th e  p lasm odesm ata .
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PLATE 69# T h ird  o f  th e  fo u r  s e r i a l  s e c t io n s *  One o f  th e  

plasm odesm ata shows a m edian c a v i ty  and a n o th e r  s i m i l a r  

c a v i ty  o u ts id e  th e  w a ll  i n  th e  r e g io n  w here i t  j o in s  th e  

endp lasm ic  r e t ic u lu m .
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PLATS 7 0 . l a s t  o f  t h e  f o u r  s e r i a l  s e c t i o n s .
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a s  a  f i x a t i v e .  The t i s s u e s  th e y  w orked v /i th , how ever, were 

em bryonic} i n  th e  p r e s e n t  c a se  th e  c y to p la a a  i s  v a c u o le d  

and n o t  n e a r ly  so  d e n se .

The p laam o d eaaa ta  i n  P la t e  66 a re  lo c a te d  on th e  common 

l o n g t i t u d i n a i  w a l l  o f  th e  phloem  parenchym a c e l l s  w hereas 

th o s e  p re s e n te d  in  o th e r  m ic ro g ra p h s  a r e  on th e  common end 

w a l l s .  In  a l l  th o s e  c a s e s  th e y  e x te n d  v /ith o u t n a t u r a l  

i n t e r r u p t i o n  from  one c e l l  to  th e  o th e r .  T h is  g o es  a g a in s t  

th e  f in d in g s  o f Vola (1 9 5 2 ), v/ho c o n s id e re d  p lasm odesm ata  t o  

be made up o f two h a lv e s ,  each  b e in g  in v e s te d  by  i t s  own 

m em brane. J i i r th e r  th e y  seem i n  some c a s e s  to  have  a  

c o n n e c tio n  w ith  w hat w ould a p p e a r  to  be e le m e n ts  o f th e  

endop lasm ic  r e t ic u lu m . l ia r e ly  a  p lasm odesm a, a s  i n  P la te  

69, sirows a  m edian c a v i t y .  T h is  f e a tu r e  was a l s o  n o te d  by 

H epton (1 3 5 7 ). I t  does n o t  a p p e a r  r e g u l a r l y .  I f  th e  

p lasm odesm ata a re  a s s o c ia te d  w ith  e le m e n ts  o f th e  endop lasm ic 

re t ic u lu m , l o c a l  s w e l l in g  o f  th e  c e n t r a l  zone o f  th e  l a t t e r  

m igh t r e s u l t  i n  th e  ap p e a ran c e  o f a  lîtôdian c a v i t y .  „Traley, 

M o llen h au er and K ep h art (1959) have a l s o  r e p o r te d  t h a t  th e  

d i s ta n c e  betw een th e  two membranes o f th e  en d o p lasm ic  

r e t ic u lu m  i s  v a r i a b l e ,  though  P o r t e r  and  Machado (I9 6 0 ) i n  a  

r e c e n t  p a p e r s t a t e  t h a t  i t  i s  v e ry  c o n s ta n t  i n  p l a n t s  a t  

l e a s t  in  th e  ro o t  t i p  c e l l s  o f  o n io n . T h is  a p p a re n t
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a s s o c i a t i o n  o f th e  p lasm odesm ata  w ith  th e  en d o p la sm ic  re t ic u lu m  

goes a g a in s t  th e  v iew  e x p re s s e d  by Ju n g e rs  ( 1930 ) t h a t  th e y  a re  

s p e c ia l i s e d  w a l l  m a te r i a l ,  and n o t  p ro to p la æ a ic  i n  n a tu r e .

A no ther f e a tu r e  to  he n o te d  from  th e s e  m ic ro g ra p h s  i s  t h a t  th e  

p rim a ry  p i t  f i e l d  i s  sh a llo w  and n o t  v e r y  d eep , t h a t  i s  th e  

th ic k n e s s  o f th e  w a l l  i n  th e  r e g io n  o f  th e  p r i m a r y .p i t  f i e l d  

and beyond i t  does v a ry  v e ry  m uch. T h is  i s  i n  m arked c o n t r a s t  

to  th e  s ie v e  a r e a  d is c u s s e d  e a r l i e r .

5 . T o n o p las t

In  some o f  th e  e a r l i e r  m ic ro g ra p h s  o f  s ie v e  tu b e s  a  

s t r u c tu r e  h a s  been  r e p o r te d  w hich co u ld  p o s s ib ly  be I n t e r p r e t e d  

a s  a  t o n o p la s t .  A s im i l a r  s t r u c t u r e  i s  shown i n  P l a t e s  71 

and 72, w hich a re  th e  l o n g t i t u d i n a i  s e c t io n s  o f  s ie v e  e lem en ts  

w hich h ad  t y p i c a l  s ie v e  p l a t e s .  Sometimes ro u n d  b o d ie s  

(m ito c h o n d r ia , s t a r c h  g r a in s ,  e t c . )  a p p e a r  i n  th e  s ie v e  tu b e  

w ith o u t t h i s  f e a t u r e ;  a t  o th e r s  th e y  l i e  i n  th e  sp ace  betw een 

i t  and th e  w a l l .  In  th e s e  c irc u m s ta n c e s  i t  i s  r e a l l y  d i f f i c u l t  

to  i n t e r p r e t  i t  u n eq u iv o ca ll]! ' a s  a  to n o p la s t ,  and  th e  ev id en ce  

o f th e  p r e s e n t  s tu d y  on t h i s  p o in t  m ust be  re g a rd e d  a s  

in c o n c lu s iv e .
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FMTE 71 , L .S . o f  s ie v e  c lem en t show ing a s t r u c tu r e  

w hich c o u ld  p o s s ib ly  b e  I n t e r p r e t e d  a s  a  to n o p la s t .
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PLATS 7 2 . k d o t h s T  a ie v e  e ls m s a t  i n  1 .3 .  shov/ing s c a n ty  

cy to p la sm  and a  s t r u c t u r e  w hich  c o u ld  be i n t e r p r e t e d  a s  a  

t o n o p l a s t .  N ote th e  abundance o f  th e  c y to p la s ra  i n  th e  

a d ja c e n t  parenchym a c e l l .



7 . In o lu s io n a  i n  th e  s ie v e  tu b e s

The number o f  d i f f e r e n t  ty p e s  o f  in c lu s io n s  r e p o r te d  

i n  th e  s ie v e  tu b e s  i s  n o t  v e ry  l a r g e .  The e a r l i e s t  ones to  

be re c o g n is e d  were s t a r c h  g r a in s  w hich a c c o rd in g  t o  B r i a s i  

(1873) s t a i n  r e d  v i o l e t  w ith  io d in e .  S t r a s b u rg e r  ( I 89 I )  

found  t h a t  i n  V i t i s  s e v e r a l  s t a r c h  g r a in s  a re  commonly 

i n i t i a l l y  p re s e n t  i n  e a c h  p l a s t i d  from  w hich th e y  a r e  

e v e n tu a l ly  r e le a s e d .  The p re se n c e  o f p l a s t i d s  w i th  s t a r c h  

g r a in s  a s  w e ll  a s  " r e le a s e d "  s t a r c h  g r a in s  in  th e  s ie v e  tu b e  

h a s  s u b se q u e n tly  been  co n firm e d  f o r  a  l a r g e  num ber o f p l a n t s .

A commonly r e p o r te d  and  v e r y  c h a r a c t e r i s t i c  f e a tu r e  o f  th e  

s ie v e  tu b e  s t a r c h  i s  t h a t  i t  s t a i n s  b r i c k  re d  w ith  io d in e  

w hereas t y p i c a l  s t a r c h  g r a in s  i n  o th e r  ty p e s  o f  c e l l s  s t a i n  

b lu e - b la c k .

I n c lu s io n s  o f  a  d i f f e r e n t  n a tu r e  i n  th e  s ie v e  tu b e  were 

d e s c r ib e d  by Salmon (1946) and i d e n t i f i e d  by  h e r  a s  m ito 

c h o n d r ia .  . The p re s e n c e  o f  m ito c h o n d r ia  i n  th e  l i v i n g  s ie v e  

tu b e  h a s  a ls o .b e e n  shown by M oGivem (1957 ) w ith  th e  h e lp  o f  

v i t a l  s t a i n i n g  u s in g  Ja n u s  g re e n  B. She h a s  a l s o  d e s c r ib e d  

some s m a lle r  i n c l u s io n s  and h a s  s u g g e s te d  t h a t  th e y  m igh t be 

spheroB om es. In  a  more r e c e n t  pep e r  Schum acher and  K ollm ann 

( 1959 ) have g iv e n  e l e c t r o n  m ic ro s c o p ic  e v id e n c e  o f  m ito c h o n d r ia  

in  th e  s ie v e  tu b e  o f  P a s s i f l o r e .



36

I n c lu s io n s , r e p o r te d  t o  be e x tru d e d  from  th e  s ie v e  tu b e  

n u c le u s ,  have a ls o  been  r e p o r t e d  i n  th e  l i t e r a t u r e  on ph loem . 

These v/ere c o n s id e re d  to  be "a lbum inous g lo b u le s "  o r  s lim e  

b o d ie s .  T h e ir  t r u e  n a tu r e  was i d e n t i f i e d  by E sau  (1 9 4 7 ), 

who confirm ed  t h a t  th e s e  a re  th e  e x tru d e d  n u c le o lu s  (o r  

n u c l e o l i )  and th u s  d i f f e r e n t  fro m  th e  s o - c a l l e d  "album inous 

g lo b u le s "  o r s lim e  b o d ie s .  The e x tru d e d  n u c le o lu s  i s  

r e p o r te d  to  p e r s i s t  i n  th e  s ie v e  tu b e  d u rin g  i t s  f u n c t i o n a l  

p e r io d  i n  many p l a n t s .

S lim e b o d ie s ,  a p p a r e n t ly  p ro te in â c e o u s  i n  n a t u r e ,  have 

a l s o  been  r e p o r te d  i n  th e  c y to p la sm  o f  young s ie v e  tu b e s  o f  

many d ic o ty le d o n o u s  p l a n t s .  They a re  supposed  t o  s p re a d  

and  d is p e r s e  i n  m a tu re  s ie v e  tu b e s  and th u s  lo s e  t h e i r  d i s c r e t e  

i d e n t i t y  a s  i n c lu s io n s .

In  c o n fo rm ity  w ith  t h e s e  o b s e r v a t io n s ,  i n c lu s io n s  w ere 

a l s o  fo u n d  in  th e  s ie v e  tu b e s  o f  Hymphoides p e t i o l e .  A lread y  

m en tio n  h a s  been  made ( P la t e  31) o f  th e  p l a s t i d s .  c o n ta in in g  

s t a r c h  g r a in s .  In  many o f  th e  s e c t io n s  f i x e d  w ith  oam ic 

a c id ,  how ever, th e s e  w ere r a r e  o r  a b s e n t ;  b u t  f o r  some re a s o n  

th e y  a p p e a re d  much e a s i e r  t o  f in d  in  m a t e r i a l  f i x e d  w ith  

IîKtei04,> Thus i n  P l a t e s  63 and 64 , vd iich  a r e  from  EMnO^ f ix e d  

m a t e r i a l s ,  num erous ro u n d  b o d ie s  a re  se e n  on e i t h e r  s id e  o f  - 

th e  s ie v e  p l a t e . They a r e  a l s o  abundan t i n  th e  s ie v e  tu b e
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f u r t h e r  away from  th e  s ie v e  p l a t e  a s  shown in  th e  P l a t e  73* 

They have a d ark  b o u ndary  and in  many o a s e s  a  c l e a r  c e n t r e .  

L a te r  on th e y  p ro v ed  to  be " r e le a s e d "  s t a r c h  g r a i n s .  The 

n e x t  p l a t e  ( P la te  74) shows one such g r a in  and  two o th e r s  

s t i l l  w ith in  th e  p l a s t i d ,  t o g e th e r  w ith  f ra g m e n ts  o f  

d i s i n t e g r a t e d  p l a s t i d s .  More e v id e n c e  f o r  t h i s  v iew  i s  

p r e s e n te d  in  P l a t e s  75 and 7 6 , w hich show " r e le a s e d "  s t a r c h  

g r a in s  a s  w e ll  a s  g r a in s  s t i l l  e n c lo s e d  w i th in  th e  p l a s t i d s ,  

t h e  l a t t e r  how ever show ing i n c i p i e n t  d i s i n t e g r a t i o n  o f  

t h e i r  a p p a re n t ly  cemiplex l i m i t i n g  membrane. They have  a  

maximum d ia m e te r  o f  a b o u t 5fh, w hereas th e . s t a r c h  g r a in s  

m easu re  abou t 1,4p.* T h a t t h e s e  l a t t e r  a r e  a ty p ic a l  s ie v e  

tu b e  " s ta ro h "  g r a in s  was c o n firm e d  by s t a i n i n g  them  i n  io d in e  

b o th  i n  th e  c a se  o f  f i x e d  and l i v i n g  m a t e r i a l s .  They s t a i n  

p in k  w ith  a  c l e a r  c e n t r e .  An io d in e  s t a in e d  p r e p a r a t i o n

from  f ix e d  m a t e r i a l  i s  shown in  P l a t e  7 7 , w hich  shows
•-'"’'I .-  '

d i s t r i b u t i o n  o f " r e le a s e d "  g ra in s } o n  th e  s ie v e  p l a t e  a s  w e l l  

a s  i n  th e  lumen o f  th e  tu b e  i t s e l f .  T hese g r a i n s  a r e  a g a in  

c i r c u l a r  i n  o u t l i n e  and  some o f  them  show a  c l e a r  c e n t r e .

H ere th e y  m easure  ab o u t 1 . Spa in  d ia m e te r .  I t  was m en tio n ed  

e a r l i e r  t h a t  s t a r c h  g r a in s  a r e  e a s i e r  t o  f i n d  in  th e  e l e c t r o n  

m ic ro sc o p ic  e x a m in a tio n  o f  p e rm a n g a n a te - f ix e d  th a n  i n  osmium- 

f i x e d  m a t e r i a l ;  an  o p t i c a l  i n v e s t i g a t i o n  o f  osmium and
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P L i i T E  73# R e le a se d  s t a r c h  g r a in s  f u r t h e r  away from  th e  

a ie v e  p la te *  Some o f  th e s e  show c l e a r  c e n tre #  F ix e d  

i n  KMnO^#
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PLATE 74* L.S* S ie v e  tu b e  show ing p l a a t i d  w ltii s t a r c h  

g r a i n s ,  r e le a s e d  s t a r c h  g r a in s  and  frag m en ts  o f  

d i s i n t e g r a t e d  p l a s t i d s *



&

ù

PL/\TFi 75# A n o t h e r  s i e v e  t u b e  s h o w in g  r e l e a s e d  s t a r c h  

g r a i n s  a s  w e l l  a s  g r a i n s  s t i l l  w i t h i n  t h e  p l a s t i d s #
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PLiilE 76 .  ü io v e  tu b e  ahowing I n c ip i e n t  d l e in t e g r u t l o n  

o t  th e  com plex l im i t i n g  membrane o f th e  p lu s t ld e *
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PLATP: 77 . o p t i c a l  m ic ro g rap h  o f  io d in e  s t a in e d  

p r e p a r a t io n  from  f ix e d  m a te r ia l  t o  ehow tiie  s ie v e  tu b e  

s ti- rc h  w hich s t a i n s  p in k .  N ote th e  p re se n c e  o f  s t a r c h  

on th e  s ie v e  p l a t e  a s  w e ll  a s  aw-y from  i t .  X970 .
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perm anganate  f ix e d  s e c t i o n s  how ever d id  n o t show any  d i f f e r e n c e  

i n  e a s e  o f d e m o n s tra tin g  s t a r c h  g r a in s  i n  th e  s ie v e  tu b e .  ■ I t  

was f e l t  t h a t  i f  th e  p l a s t i d  d i s i n t e g r a t e s  r e l e a s in g  th e  

s t a r c h  g r a in s ,  th e y  w i l l  be d i f f i c u l t  to  show in  e l e c t r o n  

m ic ro g ra p h s  i n  th e  ab se n ce  o f  a  s t a i n a b l e  b ackg round , b ecau se  

s t a r c h  commonly does n o t  s t a i n  i n  osndc a c id .  T h is  seems 

p ro b a b le  in  v iew  o f  th e  f a c t  t h a t  when osmic; a c id  f ix e d  

m a te r i a l s  w ere s u b s e q u e n tly  s t a in e d  i n  p h o s p h o tu n g s tic  a c i d ,  

and u r a n y l  a c e t a t e  th e y  d id  ^ o w  up s t a r c h  g r a in s  more 

f r e q u e n t ly ,  a s  can  be seen  from  th e  P l a t e  78» Here th e  s t a r c h  

g r a in s  a r e  s t i l l  w i th in  th e  cy to p lasm  and th e y  show th e  same 

g e n e r a l  f e a t u r e s ,  th e  l a r g e s t  one m easu rin g  ab o u t 0 .

P l a t e  79 shows a n o th e r  m ic ro g ra p h  i n  w hich  a  l a r g e  number o f  

" r e le a s e d "  g r a in s  a re  se e n  ly in g  n e a r  th e  s ie v e  p l a t e  

a p p a re n t ly  w ith o u t any c y to p la sm . « In  a n o th e r  p l a t e  ( P la t e  

80) an  i n t a c t  p l a s t i d  h a v in g  m a n y '" g ra in s 'is  shown. The 

p l a s t i d  i s  s t i l l  a s s o c ia te d  i ^ t h  th e  b o u n d ary  cy to p la sm ; th e  

b la c k  l i n e  on e i t h e r  s id e  o f th e  p l a s t i d  o o u ld  p o s s ib ly  be 

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

The p in k  c o lo u r  o f th e  s ie v e  tu b e  s t a r c h  c o n t r a s t s  

^ a r p l y  w ith  th e  b lu e - b la c k  o f  th e  s t a r c h  g r a in s  o f th e  s t a r c h  

s h e a th .  These f e a t u r e s  a re  shown i n  th e  c o lo u re d  m ic ro g ra p h  

p re s e n te d  i n  P l a t e  81 .
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PL-..TE 78# S iev e  tu b e  ahowiru.; Gt&reh g r a in s

s t i l l  w ith in  th e  cytoplasm * Some o f  tlxem show c l e a r  

c e n tre *  Note th e  s t r u c tu r e  o f  th e  cytoplasm * F ix e d  

a c c o rd in g  to  S ch ed u le  2#
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PHiTE 79# ^Releaaed*^ s ta r c h  g r a in s  n e a r  th e  s ie v e  p la te #  

They show cleai^  c e n tre *



PIiiiTE 60* S ie v e  tu b e  sh ow in g  i n t a c t  p l a s t i d  w ith  s t a r c h  

g r a in s  w h ich  show c l e a r  c e n tr e *  The p l a s t i d  i s  

a s s o c i a t e d  w ith  th e  boundary c y to p la sm *  K ote  a 

" t o n o p la s t - l ik e "  s t r u c t u r e  on e i t h e r  s i d e  o f  t h e  p l a s t i d #



M A D E  I N  E N G L A N D
VIEW  FROM THIS SIDE
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PLATE 81. Optical coloured micrograph of iodine stained 
preparation from fixed material to show the pink colours, 
of the sieve tuhe starch and blue black colour of the 
starch in the starch sheath. Some of the sieve tube 
starch show clear centre.
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P a s s in g  on t o  t h e  s m a l le r  i n c l u s i o n s  fo u n d  i n  t h e  s i e v e  

t u b e s  o f  N ym p hoides* a  m ic r o g r a p h  o f  a  s i e v e  tu b e  w it h  a  p a r t  

o f  th e  s i e v e  p l a t e  i s  p r e s e n t e d  i n  P la t e  8 2 .  T h is  sh ow s a  

round bod y w h ich  m e a su r e s  a b o u t i n  d ia m e te r  and r e s e m b le s

th e  m ito c h o n d r ia  i n  th e  s i e v e  tu b e  o f  P a s s l f l o r a  a s  r e p o r t e d  

b y  Schum acher and K ollm ana (1 9 5 9 )  • The " m ito c h o n d r io n ” h e r e  

seem s t o  be p a r t l y  c o v e r e d  w it h  w hat h a s  b e e n  c o n s id e r e d  

t o n o p l a s t  b y  them* S im i la r  i n o l u s i o n s  i n  th e  s i e v e  tu b e  

p r e p a r e d  a c c o r d in g  t o  S c h e d u le  2 a r e  p r e s e n t e d  i n  t h e  n e x t  

t h r e e  p l a t e s .  The f i r s t  tw o p l a t e s  ( P l a t e s  83 and 8 4 ) show  

t h e s e  b o d ie s  away from  t h e  s i e v e  p l a t e  w h er ea s  i n  P l a t e  85  

i t  o c c u r s  j u s t  n e a r  i t .   ̂ T hey m easu re  from  0 .4  t o  0 $ ^  i n  

d ia m e te r . The f i n e  s t r u c t u r e  o f  t h e s e  b o d ie s  i s  n o t  v e r y  

c l e a r .  T h is  i s  p a r t l y  due t o  th e  m ic r o s c o p e  l i m i t a t i o n  and  

p a r t l y  due t o  th e  f a c t  f t h a t  % a r i s t a e  o f  p la n t  m ito c h o n d r ia  

a r e  r e p o r t e d  t o  be n o t  .so  „w ell< ^ d efin ed  a s  t h o s e  o f  a n im a l  

m it o c h o n d r ia .  ..A

B e s id e s  th e  f a i r l y  d e f i n i t e  and o h v io u s  i n c l u s i o n s  

m e n tio n e d , o n e „o f t e n  f i n d s  f e a t u r e s  i n  e l e c t r o n  m ic r o g r a p h s  

w hose n a tu r e  i t  l a  d i f f i c u l t  t o  f i x  w it h  c e r t a i n t y .  Some o f  

t h e s e  a r e  shown i n  P l a t e s  8 6 , 8 7 , 8 8 , , 8 9  and 9 0 .  The 

s t r u c t u r e s  i n  P l a t e s  86 and 67 and i n  t h e  c e n t r e  o f  P l a t e  88  

may be p l a s t i d s ,  b u t  th e  " la m e lla te d "  o n e s  i n  P l a t e s  89  and 9 0



PL-VTK 82. S ieve tu b e , w ith  a p a r t  o f  th e  s ie v e  p l a t e ,  

showing m ito c h o n d rio n -lik e  in c lu a io n *  T h is l a  p a r t ly  

covered  w ith  a " to n o p la a t- l lk e "  e t r u o tu r e .
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P L A T S  83 . L . S .  s i e v e  t u b e  showing m ito c h o n d r ia - l ik e  

in c lu s io n .
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PLATS 84 . A n o th e r  s i e v e  tu b e  sh o w in g  m i t o c h o n d r i a - l i k e  

i n c l u s i o n .



1 5 ^

,v ■ FiT #7 . :

■■» K  JLT 

0
#

)

\

K

PLATE 8 5• Two m i t o c h o n d r i a - l i k e  i n c l u s i o n s  n e a r  t h e  s i e v e

p l a t e  w ith o u t  p o r e s  b e in g  s e c t i o n e d .
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P L A T E  6 6 .  S i e v e  t u b e  s h o w i n g  " p l a s t i d - l l k e "  s t r u c t u r e .
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87# ainothei* s ie v e  tube  w ith  " p l a s t i d - l i k e ” s tru c tu re *



y

S#
f

PLATE 88. A sieve tube with p laatids and a "plastid-llke"  
structure.



y
156

PIiiiTE 69. S ieve tube ehov/ing' la m e lla te d  s t ru c tu re .  
F ixed in  KmnÔ ,̂
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PL/iTE 90. S ieve tube  showing s ie v e  p l- i te  a t  one end and 

a lam ella ted  s t r u c tu r e  a t  th e  o th e r .  Note th e  

reaemblanoe o f  th e  l a t t e r  to  th e  endoplasm ic re t ic u lu m .

A th in  lo n g itu d in a l s e c t io n  a t  r i g h t  an g le s  to  th e  p la n e  

o f the  paper p a s s in g  th ro u g h  th e  la m e l la te d  s t r u c tu r e  

w ill  g ive " d o tte d - l in e "  ap p e aran ce . Taken on 

le tro p o ll tu n  V icke rs  EM6 e l e c t r o n  m icroscope.
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would seem to  be f e a tu r e s  o f th e  cy top lasm  in  th e  n a rro w er 

s e n se . The l a s t  p l a t e ,  tak en  on a  M e tro p o lita n  V ick e rs  EM5 

m icroscope, shows a s iev e  p la t e  a t  one end and th e  " l a m e l la r ” 

s t r u c tu r e  on th e  o th e r .  The l a t t e r  shows an arrangem en t o f 

th e  f a m i l ia r  t r i l a m in a r  ty p e , m easuring  about 90-14-0 i n  

t l i ic k n e s s . . The s ig n if ic a n c e  o f th e  " la m e l la r ” s t r u c tu r e  

would appear in  D isc u ss io n .
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DISCUSSION

The f i r s t  p a r t  o f th e  d ia o u ss io n  i s  devo ted  t o  th e  

p re p a ra t iv e  te ch n iq u e  f o r  e le c t r o n  m icroscopy  fo llo w e d  by 

o y to lo g ic a l  f in d in g s  and t h e i r  b e a r in g  on th e  mechanism o f  

t r a n s lo o a t io n .

The v a r ia b le  f a c t o r s  c o n t r o l l in g  th e  q u a l i ty  o f  f ix a t i< a i  

w ith  osmic a c id  h as-b een  d isc u sse d  by P a lade  (1 9 5 4 ). H is 

s tu d y  was concerned  w ith  i t s  s u i t a b i l i t y  a s  a g e n e ra l  p u rp o se  

f i x a t i v e .  In  th e  p re s e n t  s tu d y  th e  e f f e c t  o f v a ry in g  o n ly  

two f a c to r s  in  th e  f i x a t i o n  method o f Schedule 1 h a s  been 

c o n s id e re d . These a re  d u ra tio n  o f f i x a t i o n  and th e  t o n i c i t y  

o f th e  f i x a t i v e .  As f a r  a s  f i x a t i o n  o f 0.5-lm m . th ic k  

p e t io l e  p ie c e s  i s  concerned , an h o u r 's  f i x a t i o n  does n o t 

seem to  o f f e r  any advan tage over h a l f  an h o u r 's  f i x a t i o n .  

S ince th e re  i s  a  danger of e x t r a c t i o n , o f  th e  specim en d u r in g  

long  f i x a t i o n ,  a  s h o r t  f i x a t i o n ,  w herever p o s s ib le ,  i s  to  

be p r e f e r r e d .  , Having t h i s  in  mind, f ix a t ic m  o f th e  p e t io l e  

p is c e s tw a s  c a r r i e d  o u t m o stly  f o r  h a l f  an hour i n  Schedule 1 

a s  w e ll a s  i n  Schedule 2 . R egarding th e  t o n i c i t y  i t  can 

be s a id  t h a t  i t  d id  n o t ap p ear w ith in  th e  compass o f th e  

p re s e n t  s tu d y  and u s in g  th e  double c u t t in g  m ethod to  be a  

v e ry  im p o rta n t f a c to r  in  th e  f ix a t io n  o f  s ie v e  tu b e s  o f  

Hymphoides. T h is  seems s u rp r is in g  in  view  o f th e  f a c t  t h a t  

th e  s ie v e  tu b e s  a re  r e p o r te d  to  have a  h ig h  su g ar c o n te n t .



;éo

B esid es  a h ig h  su g ar c o n te n t , s ie v e  tu b e s  have a ls o  a  

h ig h  tu rg o r  p re s su re  w hich, i f  r e le a s e d  sudden ly , d i s p la c e s  

t h e i r  c o n te n ts . I t  was to  av o id  t h i s ,  d isp lacem en t o f th e  

c o n te n ts  t h a t  th e  double c u t t in g  method o f o b ta in in g  p e t i o l e  

p ie c e s  was u se d . I t  was presumed th a t  by t h i s  m ethod 

lo n g t i tu d in a l  su rg es  o f th e  c o n te n ts  due t o  sudden r e le a s e  

o f  tu rg o r  would be av o id ed . I t  would seem th a t  t h i s  m ethod 

was on ly  p a r t l y  s u c c e s s fu l ,  th e  s ie v e  p l a t e s  i n  th e  c e n t r a l  

re g io n  of 0 .5 -rl mm. th ic k  p e t io l e  p ie c e s  showing t y p i c a l  

po re  c o n te n t ,  th o se  tow ards th e  ends hav ing  a p p a re n tly  

empty p o re s .

At t h i s  s ta g e  i t  was dec ided  to  fo llo w  th e  m ethod o f  

C u r r ie r ,  Esau and Cheadle (1955) to  red u ce  th e  tu r g o r  

p re s su re  o f th e  s ie v e  tu b e s  p r io r  to  f i x a t i o n .  H epton (1957) 

and l a t e r  Schumacher and Kollmann (1959) a ls o  u sed  t h i s  

method f o r  re d u c in g  th e  tu rg o r  p r e s s u r e .  D e ta i l s  o f  t h i s  

te ch n iq u e  have a lr e a d y  been r e p o r te d  in  Schedule 2 . F u r th e r ,  

th e  c o n tr a s t  o f th e  f ix e d  m a te r ia l  was in c re a s e d  by 

in c o rp o ra t in g  p h o sp h o tu n g s tic  a c id  end u ra n y l a c e t a t e .  T h is  

method o f p re p a ra t io n  was f a r  s u p e r io r  to  th e  double c u t t i n g  

method o f Schedule 1 . Almost a l l  th e  s ie v e  p l a t e s  showed 

p o re s  w ith  norm al c o n te n t .  P re s e rv a t io n  o f th e  cy top lasm  

was much b e t t e r .  In c o rp o ra tio n  o f  e le c t r o n  s t a i n  i n  th e  

p r e t r e a te d  m a te r ia l  was v e ry  s u c c e s s fu l  i n  d e m o n s tra tin g
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plaam odeanata and th e  s ie v e  tu b e  in c lu s io n s .  I t  may 

however be m entioned t h a t  f i x a t i o n  ac co rd in g  to  t h i s  m ethod 

fa v e  good r e s u l t s  a t  pH7, w h ile  f i x a t i o n  a t  pH5.8 was n o t 

v e ry  s a t i s f a c to r y .  F ix a t io n  a t  h ig h e r  pH, a c c o rd in g  to  

Hepton ( 1357) ,  i s  a ls o  u n s a t i s f a o to r j ’-. From a l l  th e s e  i t  

would se«tt t h a t  f i x a t io n  o f s ie v e  tu b e s  i n  osmic a c id  sh o u ld

be c a r r ie d  a t  a  n e a r  n e u t r a l  pH.

R ecent r e p o r t s  have dem onstra ted  th e  u s e fu ln e s s  o f 

KMnÔ  a s  a f i x a t i v e  f o r  e le c t r o n  m icroscopy . I t  h as  

proved  s p e c i f ic  f o r  membranous s t r u o tu r e s .  I t  h a s  p roved  

s a t i s f a c to r y  in  th e  case  o f  r o o t  t i p s .  T h e re fo re  fo llo w in g  

th e  method o f M ollenhauer ( 1959) 0 .5 -1  mm. th i c k  p e t i o l e  p ie c e s

were f ix e d  in  EMnO  ̂ f o r  5, 10, 15 m in u te s . The p e t i o l e

p ie c e s  were o b ta in e d  by th e  double c u t t in g  m ethod. The 

d e t a i l s  a re  d e sc r ib e d  in  Schedule 3* There does n o t seem 

to  be any d i f fe re n c e  in  th e  q u a l i ty  o f  f i x a t i o n  fo llo w in g  

th e  d i f f e r e n t  tim e s  o f  f i x a t i o n .  As f a r  a s  th e  s ie v e  tu b e s  

a re  conoem ed , f i x a t i o n  in  KMnÔ , p roved  d is a p p o in t in g .  I t  

was d i f f i c u l t  to  dem onstra te  co n n ec tin g  s t r a n d s  in  th e  p o re s  

which ap p ear em pty. T h is  may be p a r t l y  due t o  th e  double 

c u t t in g  method o f o b ta & ln g  m a te r ia l  f o r  f i x a t i o n ,  and p a r t l y  

due to  th e  s w e llin g  e f f e c t  o f th e  f i x a t i v a ,  th e  m idd le  

1mmA 11m a p p e a rin g  w id e r . N othing more can be s a id  a t  th e  

moment w ith o u t f u r t h e r  e x p e r im e n ta tio n . I t  may how ever be
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m entioned th a t  th e  c o n t r a s t  was v e ry  p o o r. T h is  i s  due to  

th e  la c k  o f m a te r ia l  s ta in a h le  w ith  i n  th e  s ie v e  tu b e .

T h is  d i f f i c u l t y  can  be overcome by in c re a s in g  th e  o v e r a l l  

c o n t r a s t  w ith  u se  of o th e r  e le c tr o n  s t r a i n s .  M arinos (I9 6 0 ) 

h as u sed  s u c c e s s fu l ly  p h o sp h o tu n g s tic  a c id  and u ra n y l  a c e ta te  

f o r  in c re a s in g  th e  c o n t r a s t  o f KMnO  ̂ f ix e d  m a te r ia l  in  h i s  

s tu d y  of th e  n u c le a r  envelope of. p la n t  c e l l s .  EîiînO  ̂ f ix e d  

m a te r ia l ,  when embedded in  m e th a c ry la te , i s  r e p o r te d  by L u ft 

(1956) to  be d i f f i c u l t  to  cu t w ith  a  g la s s  k n i f e .  Some 

d i f f i c u l t y  in  c u t t in g  s e c t io n s  was a l s o  e x p e rie n c e d  in  th e  

p re s e n t  s tu d y . I t  i s  d i f f i c u l t  to  advance any e x p la n a tio n  

f o r  t h i s  w ith o u t f u r t h e r  s tu d y . I t  may however be m en tioned  

th a t  P o r te r  and Machado (I9 6 0 ) were s u c c e s s fu l  i n  c u t t i n g  

s e c t io n s  o f nUnO^ f ix e d ,  m e th a c ry la te  embedded m a te r i a l s  w ith  

a diamond k n i f e .

In  s p i t e ’ o f a l l  th e s e  d isa d v a n ta g e s , th e  u se  o f  EEnO^ 

a s  a  f i x a t iv e  se rv e d  i t s  pu rpose  in  d em o n s tra tin g  " r e le a s e d "  

s ta r c h  g r a in s  and th e  p re se n ce  o f membranous s t r u c t u r e s  in  th e  

s ie v e  tu b e . The fo rm er were d i f f i c u l t  to  d em o n stra te  i n  

osmium f ix e d  m a te r ia l  acco rd in g  to  Schedule 1 . More w i l l  be 

s a id  abou t th e  membranous s t r u c tu r e  l a t e r .  S u ff ic e  i t  to  

say  t h a t  th e  ev id en ce  f o r  th e  p re sen ce  o f th e  membranous 

s t r u c tu r e s  and t h e i r  p o s s ib le  c o n c e n tra t io n  in  th e  s ie v e  p o re s  

would seem to  pay an a ttem p t to  develop  a  s u c c e s s fu l  te c h n iq u e
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o f  f i x i n g  i n  K M n O ^ ^ ;  s p e c i a l l y  i n  v i e w  o f  i t s  s p e c i f i c i t y  

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

N o w  t h e  r e s u l t s  o f  t h e  o y t o l o g i c a l  i n v e s t i g a t i o n  w i l l  

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

a l r e a d y  b e e n  d e s c r i b e d  i n  d e t a i l ,  a t t e n t i o n  w i l l  b e  d r a w n  

h e r e  o n l y  t o  s o m e  o f  t h e  i m p o r t a n t  f e a t u r e s .  F i r s t  o f  a l l  

e v i d e n c e  h a s  b e e n  p r o v i d e d  t h a t  t h e  p o r e s  i n  t h e  s i e v e  p l a t e  

a r e  f i l l e d  w i t h  n o n - v a c u o l a t e d  c o n n e c t i n g  s t r a n d s  j o i n i n g  

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

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

. V  ' •

d o  n o t  s h o w  a n y  i n d i c a t i o n  o f  a  b r e a k  i n  t h e  m i d d l e .  T h u s  

t h e  v i e w  o f  H i l l  ( 1 9 0 8 )  r e g a r d i n g  t h e  h o l l o v i /  n a t u i ' e  o f  t h e  

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

v a c u o l a r  c o n t i n u i t y  t h r o u g h , t h e m .  A b s e n c e  o f  a n y  b r e a k  i n  

t h e  m i d d l e  o f  t h e  c o n n e c t i n g  s t r a n d s  m a k e s  f o r  t h e

f

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

T h i s  f i n d i n g  g o e s  a g a i n s t ,  t h e  v i e w s  e x p r e s s e d  b y  M a n g e n o t  

( 1 9 2 6 )  a n d  S a l m o n  ( 1 9 ^ 6 )  a n d  l a t e r  b y  V o l z  ( 1 9 5 2 )  o n  t h e  b a s i s  

o f  t h e  e l e c t r o n  m i c r o s c o p i c  s t u d i e s .  F u r t h e r  t h e  c o n t i n u i t y ^  

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

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

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

■ T h e  f i n d i n g  o f  H e p t o n  ( 1 9 5 7 )  r e g a r d i n g  t h e  c o n t i n u i t y  o f  t h e ,  

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

a c r o s s  t h e  w a l l  h a s  b e e n  i n  r e c e n t  t i m e s  u n m i s t a k a b l y  

d e m o n s t r a t e d  b y  t h e  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  o f  W h a l e y ,
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M o llen h a u er  and K ep h art (1 9 5 9 )>  M arin os ( i 9 6 0 )  and P o r t e r  

and Machado ( I 960 ) .  T h ese  s t u d i e s  do n o t  su p p o r t  t h e  

p o s s i b i l i t y ,  s u g g e s t e d  b y  E sa u , C u r r ie r  and C h ea d le  ( 1 9 5 7 )  

t h a t  th e  c o n t i n u i t y  o f  s i e v e - a r e a  s t r a n d s  i s  n o t  a c o n s i s t e n t  

f e a t u r e  and d epend s on th e  r e l a t i v e  t h i c k n e s s  o f  th e  s t r a n d s *  

H avin g  d is c a r d e d  th e  v ie w s  o f  H i l l  (1 9 0 6 )  and M angenot 

( 1926 ) r e g a r d in g  th e  n a tu r e  o f  t h e  c o n n e c t in g  s t r a n d s ,  

a t t e n t i o n  i s  n a t u r a l l y  drawn t o  th e  v ie w s  o f  C r a f t s  (1 9 3 9 )  

and Schum acher (1 9 3 9 )#  B oth  o f  them  c o n s id e r  th e  

c o n n e c t in g  s t r a n d s  t o  b e  s o l i d  c y to p la sm ; b u t  w h i le  C r a f t s  

( 1939 ) d e n ie s  t h e  p r e s e n c e  o f  a t o n o p l a s t ,  Schum acher (1 9 3 9 )  

t h in k s  t h a t  s i e v e  tu b e  e le m e n ts  r e t a i n  i t .  A s rem ark ed  

e a r l i e r ,  th e  e v id e n c e  o f  th e  p r e s e n t  s tu d y  on t h e  e x i s t e n c e  

o f  a t o n o p la s t  i s  i n c o n c l u s i v e .  E sau (1 9 5 0 )  d o e s  n o t  a g r e e  

v /ith  th e  p u r e ly  c y to p la s m ic  n a tu r e  o f  t h e s e  s t r a n d s  and t h u s  

c a l l s  them b y  a n o n -c o m m itta l  term  " c o n n e c t in g  s t r a n d s " .

She c o n s id e r s  t h a t  s l im e  i s  i n  some way a s s o c i a t e d  w it h  t h e  

c y to p la sm  i n  th e  c o n n e c t in g  s tr a n d s *  T h is  m ig h t a c c o u n t  

f o r  t h e i r  in c r e a s e d  a v i d i t y  f o r  s t a i n s .  E sau  (1 9 ^ 6 )  c la im s  

t h a t  s l im e  i s  u n m is ta k a b ly  p r e s e n t  i n  th e  c o n n e c t in g  s t r a n d s  

i n  V i t i s * U s in g  t h i s  m a t e r ia l  i n  h i s  e l e c t r o n  m ic r o s c o p ic  

s t u d i e s  H ep ton  (1 9 5 7 )  f i n d s  no e v id e n c e  f o r  t h e  p r e s e n c e  o f  

t h e  s l im e  i n  t h e  c o n n e c t in g  s tr a n d s*  C r a f t s  (1 9 3 9 )  i s  a l s o  

o f  th e  o p in io n  t h a t  t h e  p r e s e n c e  o f  s l im e  i s  an  a r t i f a c t .

The p r e s e n t  s tu d y  a l s o  d o e s  n o t  seem  t o  g i v e  an y  e v id e n c e  r. 

f o r  th e  a s s o c i a t i o n  o f  s l im e  w ith  th e  c o n n e c t in g  s tr a n d s *



165"

To e x p la in  th e  o s m io p h ily  o f  t h e  s t r a n d s  H ep ton  (1 9 5 7 )  

made th e  a ssu m p tio n  t h a t  t h e s e  a r e  c y to p la s m ic  s t r u c t u r e s  

a s s o c i a t e d  i n  some unknown way w ith  a m a t e r ia l  h a v in g  

s t r o n g  a f f i n i t y  f o r  osmium and w hose n a tu r e  r e m a in s  t o  b e  

d e te r m in e d . In  ou r o p in io n  c o n n e c t in g  s t r a n d s  a r e  t r u l y  

c y to p la s m ic  i n  n a t u r e .  We w ou ld  t r y  t o  e x p la in  t h e i r  

o s m io p h ily  a l i t t l e  l a t e r ,  a f t e r  th e  n a tu r e  o f  t h e  s i e v e  

tu b e  c y to p la sm  i s  d i s c u s s e d .

C r a f t s  ( 1 9 3 9 a , b , 1 9 4 8 , 1 9 5 1 )  h a s  r e p e a t e d ly  a d v a n ce d  

t h e  v ie w  t h a t  th e  s i e v e  tu b e  c y to p la sm  i s  " d e n a tu r e d " .

T h i s  v i e w  i s  e s s e n t i a l l y  b a s e d  o n  t h e  a b s e n c e  o f  a  n u c l e u s  

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

l o s s  o f  s e m i - p e r m e a b i l i t y .  S i e v e  e l e m e n t s  a r e  a l s o  r e p o r t e d  

t o  b e  o f  l o w  m e t a b o l i c  a c t i v i t y .  T h i s  v i e w  o f  C r a f t s  a n d  

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

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

S c h u m a c h e r  (1 9 3 9 )  m a i n t a i n s  t h a t  a  t o n o p l a s t  i s  p r e s e n t  a n d  

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

o f  t h i s  p r o b l e m  b y  C u r r i e r ,  E s a u  a n d  C h e a d l e  (1 9 5 5 )  h a s  

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

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

t o n o p l a s t .  H e p t o n  (1 9 5 7 )  i s  o f  t h e  o p i n i o n  t h a t  t h e  

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

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

o f  t h e  f u n c t i o n a l  s i e v e  t u b e .  W e  a r e  a l s o  i n c l i n e d  t o  t h i s -  

v i e w .
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A t t h i s  s t a g e  a t t e n t i o n  may b e  drawn t o  th e  P l a t e s  4 6 - 4 9  

and 50  sh ow in g  c y to p la sm  o f  th e  s i e v e  tu b e  and a parenchym a  

c e l l  r e s p e c t i v e l y *  Though t h e  c y to p la sm  i n  b o th  c a s e s  seem  

t o  b e  som ewhat c o a g u la t e d ,  t h e i r  s i m i l a r  a p p e a r a n c e  w ou ld  

s u g g e s t  t h a t  i n i t i a l l y  th e y  m ig h t a l s o  h a v e  b e e n  s im i la r #

S in c e  c y to p la sm  o f  a parenchym a c e l l  i s  n o t  c o n s id e r e d  t o  b e  

d e n a tu r e d , i t  seem s from  t h i s  t h a t  n e i t h e r  i s  t h e  c y to p la s m  

i n  a l i v i n g  and f u n c t i o n a l  s i e v e  tu b e .  , More e v id e n c e  f o r  

t h i s  c o n c lu s io n  w i l l  now b e  p r e s e n t e d .  P l a t e s  58  and 59  

show  th e  f i b r i l s  o f  th e  s i e v e  tu b e  c y to p la sm  a r r a n g e d  i n  a 

r e t i c u l a t e  m ann er. T h ese  " f i b r i l s "  seem  t o  b e  p a c k e d  

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

T h is  v ie w  d o e s  n o t  seem  t o  b e  in c o m p a t ib le  w ith  w hat h a s  b e e n  

shown b y  H ep ton  (1 9 5 7 )  in  shadow ed m a t e r ia l  and b y  Schum acher  

and Kollmam ( 1 9 5 9 ,  p r i v a t e  co m m u n ica tio n ) i n  an  un sh ad ow ed  

p r e p a r a t io n .  The h ig h e r  m a g n i f i c a t io n  m ic r o g r a p h s  o f  P l a t e  

59  a r e  show n i n  P l a t e s  6 0 ,  6 l  and 6 2 . I t  w o u ld  t e n t a t i v e l y  

a p p ea r  t h a t  e a c h  " f ib r e "  o f  t h e  c y to p la s m , a s  rem ark ed  e a r l i e r ,  

c o n s i s t  o f  a d o u b le  membrane s e p a r a te d  b y  a c l e a r  s p a c e .

The d o u b le  membrane n a tu r e  o f  th e  l o n g i t u d i n a l  " f ib r e s "  i n  t h e  

s i e v e  p o r e  c a n  a l s o  b e  c o n je c tu r e d *  Prom t h e  d o u b le  membrane 

n a tu r e  o f  t h e  th r e a d s  o f  th e  n e tw o rk  i t  w ou ld  seem  t h a t  th e y  

b e lo n g  p o s s i b l y  t o  t h e  sy s te m  now w e l l  known a s  th e  

" e n d o p la sm ic  r e t ic u lu m "  a f t e r  P a la d e  ( 1 9 5 6 ) .  I f  t h i s  v e r y  

t e n t a t i v e  v ie w  i s  a c c e p t e d ,  th e n  th e  u s e f u l n e s s  o f  KMnO| ,̂ 

w h ic h  i s  s p e c i f i c  f o r  m em braneous s t r u c t u r e s ,  a s  a f i x a t i v e  

ca n  w e l l  b e  v i s u a l i s e d .  The r e s u l t s  o f  KMnO|  ̂ f i x a t i o n ,  a s  

m e n tio n e d  b e f o r e ,  a r e  shown i n  P l a t e s  89 and 9 0 .  The l a s t
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p l a t e  s h o w s  v e r y  c l e a r l y  a  " l a m e l l a r "  s t r u c t u r e  o f  t h e  

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

90  -  140  lyi i n  t h i c k n e s s *  T h e  s i z e  o f  t h e  p r o f i l e s ,  t h e i r  

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

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

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

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

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

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

b u t  d e n a t u r e d .  I f  t h e  v i e w s  p r e s e n t e d  h e r e  a r e  s u b s t a n t i a t e d  

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

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

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

r e t i c u l u m  a r r a n g e d  c o m p a c t l y  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n *

I n  a n y  c a s e  t h e  c o n n e c t i n g  s t r a n d s  w o u l d  s e e m  t o  b e l o n g  t o  ^ 

t h e  c y t o p l a s m  p r o p e r *

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

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

t u b e *  T h e s e  i n c l u s i o n s  a r e  p l a s t i d s  v / i t h  s t a r c h  a n d  

m i t o c h o n d r i o n - l i k e  s t r u c t u r e s .  V d i e t h e r  t h e  l a t t e r  a r e  

m i t o c h o n d r i a  o r  s p h e r o s o m e s  a s  r e p o r t e d  b y  M c G i v e r n  ( 1 9 5 7 )  

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

s i m i l a r i t y  w i t h  t h e  m i t o c h o n d r i a  d e s c r i b e d  b y  S c h u m a c h e r  a n d  

K o l l m a n n  (1 9 5 9 )  t h e y  c o u l d  b e  i n t e r p r e t e d  a s  m i t o c h o n d r i a *

T h e  l a t t e r  w o r k e r s  h a v e  a l s o  r e p o r t e d  l a m e l l a r  s t r u c t u r e s  

c o m p a r a b l e  t o  G o l g i - b o d i e s  -  f u r t h e r  e v i d e n c e  o f  t h e  p r e s e n c e  

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

i n c l u s i o n s  i n  P l a t e s  3 3 - 3 7  a t t e n t i o n  m a y  h e  d r a w n  t o  t h e  

" l a m e l l a r "  s t r u c t u r e  s h o w n  i n  P l a t e  9 0 #  T h e  l a t t e r ,  a s  

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

r e t i c u l u m .  I t  i s  i n  t h i s  l i g h t  t h a t  t h e  u n d e t e r m i n e d  

i n c l u s i o n s ,  w h o s e  i d e n t i t y  i n  t h e  b e g i n n i n g  v / a s  a  d i f f i c u l t  

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

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

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

t h e  l u m e n  o f  t h e  s i e v e  t u b e .  I f  t h i s  i s  s o ,  t h e n  t h e  

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

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

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

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

f r e q u e n t l y  n o t e d  i n  l o n g i t u d i n a l  s e c t i o n s ,  t h e  " d o t t e d - l i n e "  

a p p e a r a n c e  o f  t h e  i n n e r  l i m i t  o f  t h e  n a c r e o u s  w a l l .  I t  c a n  

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

s e e n  i n  f a c e  v i e w  i n  P l a t e  9 0  w e r e  c u t  t h i n l y  i n  l o n g i t u d i n a l  

s e c t i o n s  a t  r i g h t  a n g l e s  t o  t h e  p l a n e  o f  t h e  p a p e r  ( s e e  P i g .  5 a )  

T h i s  p o s s i b i l i t y  i s

F i g u r e  5 a

f u r t h e r  n o t e d  i n  t h e  l e g e n d  t o  P l a t e  9 0 .  A t  t h e  m o m e n t ,  

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

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



l é l

development o f th e  endoplasm ic re tic u lu m , and th a t  th e  

tu b u le s  o f t h i s  re tic u lu m  run  r a th e r  d en se ly  in to  and th ro u g h

th e  p o res  in  th e  s ie v e  p l a t e  -  must rem ain a very  t e n t a t i v e  

one.

The l a s t  p a r t  o f t h i s  d is c u s s io n  d e a ls  w ith  th e  

im p lic a tio n s  o f th e  p re se n t  o y to lo g ic a l f in d in g s  f o r  the  

p re v a i l in g  th e o r ie s  o f th e  t r a n s p o r t  mechanism* These 

th e o r ie s  have been o u tlin e d  in  th e  e a r l i e r  p a r t  o f t h i s  

t h e s i s ;  h e re  they  w i l l  be co n sid e red  b r i e f l y  in  o rd e r .

The c y to lo g ic a l  f in d in g s  o f e le c tro n  m icro scop ic  

s tu d ie s  on th e  phloem a re  p o t e n t i a l l y  o f g re a t  im portance 

in  connection  w ith  th e  mechanism o f t r a n s p o r t .  One f in d in g  - 

s ta n d s  out very  c l e a r ly  from th e  p re se n t  as w e ll as  from a 

number o f e a r l i e r  s tu d ie s ;  t h a t  th e  p o res in  th e  fu n c t io n a l  

s ie v e  p la te s  a re  occup ied , a lm ost c e r ta in ly ,  by dense 

cy toplasm . I t  i s  t r u e ,  o f c o u rse , th a t  when th e  m a te r ia l  

i s  p re -c o n d itio n e d  f o r  c u t t in g  by se v e ra l hours* tre a tm e n t 

v /ith  s o lu t io n s  which reduce i t s  tu r g o r , th e  p ro c e ss  o f  

conduction  ceases  and th e  s ie v e  tu b es  may have tim e to  

r e a d ju s t  them selves to  some e x te n t .  But i t  seems u n l ik e ly  

though no t im p o ssib le  th a t  t h i s  read ju stm en t would r e s u l t  

in  v a c u o la te d  s tra n d s  becoming s o l id ;  and in  any case  th e re  

i s  th e  ev idence from th e  m a te r ia l  p ro cessed  ac co rd in g  to  , 

Schedule 1 (when th e  phloem a c tu a l ly  in  th e  p ro c e ss  o f 

conducting  was sev ered  by two c lo se  c u ts  and f ix e d  w ith in  a 

few seco n d s) , which i t  w i l l  be remembered re v e a le d  th e  same 

dense cytoplasm  in  th e  pores*
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G ra n ted , h o w e v e r , t h a t  t h e  p o r e s  in  th e  f u n c t i o n i n g  

s t a t e  a r e  f i l l e d  w ith  c y to p la s m , i s  t h i s  t o  b e  r e g a r d e d  a s  

in  a p r o c e s s  o f  r a p id  l o n g i t u d i n a l  s tr e a m in g  o r  i s  i t  

s t a t i o n a r y ?  T h ere  a r e  m o r e - p u r e ly - p h y s io lo g ic a l  r e a s o n s  

f o r  fa v o u r in g  t h e  l a t t e r ;  b u t  so  f a r  a s  t h e  e l e c t r o n  

m ic r o s c o p ic  e v id e n c e  g o e s ,  t h e  argu m en ts w h ich  may b e  p u t  

fo rw a rd  a r e  a s  f o l l o w s : -

1# As H ep ton  (1 9 5 7 )  h a s  s u g g e s t e d ,  t h e  m a t e r ia l  f i l l i n g  « 

th e  p o r e s  seem s t o  b e  c h e m ic a l ly  d i f f e r e n t  from  t h a t  

c o n s t i t u t i n g  th e  c y to p la sm  i n  th e  n e a r b y  lu m e n s. I t  w ou ld  

seem  u n l i k e l y  t h a t  a r a p id  c h e m ic a l ch a n g e  s h o u ld  t a k e  p l a c e  

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

t h e  in f e r e n c e  i s  t h a t  th e  c y to p la sm  i s  s t a t i o n a r y .  T h is  

s u g g e s t io n  i s  s t r e n t h e n e d  b y  th e  e v id e n c e  o f  th e  p r e s e n t  

s tu d y  i n  w h ich  m a t e r ia l  was n o t  s u b j e c t e d  t o  th e  l e n g t h y  

p r e c o n d i t io n in g ,  b u t  w as a c t u a l l y  f i x e d  w h ile  c o n d u c t in g .

2 .  The f lo w  i n  t h e  lu m en s and t h e  p o r e s  i s  c h a r a c t e r i s e d  

b y  a v e r y  lo w  R e y n o ld ’ s  number ( s e e  f o o t n o t e ) .

F o o t n o t e .  C a lc u la t io n  o f  R e y n o ld ’ s  num ber.

■ The R e y n o ld ’ s  number f o r  a f lo w  th r o u g h  a c i r c u l a r  

tu b e  i s  d e f in e d  a s  î 

R = y^D

w h ere V rr V e l o c i t y  

D = D ia m e te r

y -  = K in e m a tic  v i s c o s i t y  = V i s c o s i t y
D e n s it y

A ssu m in g  t h a t  v i s c o s i t y  and d e n s i t y  o f  th e  t r a n s l o c a t e  a r e
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Thus i t  w i l l  m idou lD ted ly  b e  s t r e a m l in e d  a p a r t  from  t h e  

e x c e p t io n a l  p r o p e r t i e s  o f  th e  f l o w in g  su b s ta n c e *  The l a t e r  

m ic r o g r a p h s  o f  th e  p o r e  c o n t e n t s  may i n d i c a t e  e i t h e r  

c y to p la s m ic  f lo w  or  m e r e ly  a c y to p la s m ic  s t r u c t u r e  c o r r e l a t e d  

w ith  a r a p id  s tr e a m in g  o f  a w a te r y  s o l u t i o n  th r o u g h  i t  ; b u t  

th e  s t r u c t u r e  o f  th e  c y to p la sm  a d j a c e n t  t o  th e  p o r e s  b u t  

j u s t  w i t h in  th e  lu m en s o f  th e  s i e v e  tu b e s  h a r d ly  s u g g e s t s  

t h a t  th e  l i v i n g  m a t te r  i s  s tr e a m in g . U n fo r tu n a te ly  t h e

a p p r o x im a te ly  o f  th e  same o r d e r  a s  t h a t  o f  w a te r  a t  20^0  

we g e t  a v a lu e  f o r

V  ~ = 0 * 0 1  p o is e /g m  p e r  cm^*

T a k in g  an  a v e r a g e  v e l o c i t y  o f  t r a n s p o r t  o f  60  cm /h r and an  

a v e r a g e  d ia m e te r  o f  th e  s i e v e  tu b e  o f  2 0 and s u b s t i t u t i n g  

t h e s e  v a lu e s
( 60 ) —i|.'

R = (3 5 0 0  ) X (2 0  X  10  )

0.01
1

300

S in c e  a v a lu e  f o r  R e y n o ld ’ s  number o f  l e s s  th a n  2 000  i s

c o n s id e r e d  t o  b e  c h a r a c t e r i s t i c  o f  la m in a r  f l o w ,  a v a lu e  a s

lo w  a s  _1^ o b v io u s ly  i n d i c a t e s  a s t r e a m l in e  m otion *  T h is  
300

c l e a r l y  a p p l i e s  a l s o  t o  th e  p o r e s*
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m icro g ra p h  was from  m a t e r ia l  w h ich  was n o t  f i x e d  w h i le  i n  

a c t u a l  p r o c e s s  o f  c o n d u c t io n ;  and h e n c e  th e  e v id e n c e  i s  n o t  

u n e q u iv o c a l .  F u r th e r , c y to p la s m  w h ich  i s  s tr e a m in g  d o e s  

n o t  n e c e s s a r i l y  show e v id e n c e  o f  i t  b y  s t r e a m l in e  c o n to u r s  

( s e e  f o r  i n s t a n c e ,  th e  work o f  S h a tk in  and  Tatum (1 9 5 9 )  on  

îi§ii?!!OB£ora) .  H ow ever, s i n c e  th e  p a r a l l e l  o r i e n t a t i o n  w i t h i n  

th e  p o r e s  p e r s i s t s  a f t e r  s e v e r a l  h o u r s ’ p r e tr e a tm e n t  v / ith  

i t s  e n fo r c e d  q u ie s c e n c e ,  i t  h a r d ly  seem s l i k e l y  t h a t  i t  

r e p r e s e n t s  c y to p la s m ic  s t r e a m lin e s *  I t  w ou ld  seem  t o  be  

much more l i k e l y  t h a t  i t  i s  e v id e n c e  o f  a m ore o r  l e s s  s t a t i c  

c o n f ig u r a t io n *

3* I f  th e  c y to p la s m  i s  s tr e a m in g  i n t o ,  and o u t  o f ,  th e  ‘ 

p o r e s  one w ou ld  e x p e c t  a c c u m u la t io n  o f  p l a s t i d s ,  r e l e a s e d  

s t a r c h  g r a in s  and m ito c h o n d r ia  a t  th e  s i e v e  p l a t e s  s i n c e  t h e s e  

w o u ld  n o t  b e  a b le  t o ,  due t o  t h e i r  l a r g e  s i s e ,  p a s s  thi*ough  

th e  s i e v e  p o r e s*  P r e s e n c e  o f  t h e s e  i n c l u s i o n s  v / i t h in  t h e  

c y to p la sm  away from  th e  s i e v e  p l a t e s  shown i n  th e  m ic r o g r a p h s

h a r d ly  s u g g e s t s  any s tr e a m in g  m ovem ent o f  t h e  c y to p la s m

th r o u g h  th e  s i e v e ,  p o r e s*

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

The o u t s t a n d in g  p ro b lem  f a c i n g  th e  p r e s s u r e  f lo w  t h e o r y  o f  

Münch l i e s  i n  th e  f a c t  t h a t  i t  seem s t o  r e q u ir e  l a r g e  

p r e s s u r e  g r a d ie n t  t o  b e  o p e r a t iv e  i n  t h e  s i e v e  t u b e s .  T h ere  

w o u ld  a p p ea r  t o  b e  o n ly  tw o p o s s i b l e  w ays o u t o f  t h i s

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

c y to p la s m  i t s e l f  s tr e a m s  r a p id ly  th r o u g h  them* To b o t h  

t h e s e  p o s s i b i l i t i e s  t h e  e v id e n c e  o f  th e  p r e s e n t  s tu d y  i s



d e c id e d ly  n e g a t i v e ,  c o n f ir m in g  i n  th e  c a s e  o f  q u i t e  a 

d i f f e r e n t  s u b j e c t  p la n t  th e  f i n d i n g s  o f  o t h e r s .

The n e x t  t h e o r y ,  t h a t  o f  p r o to p la s m ic  s t r e a m in g ,  a g a in  

f i n d s  l i t t l e  su p p o r t  from  t h e  p r e s e n t  s tu d y .  I t  w as s t a t e d  

i n  th e  in t r o d u c t io n  t h a t  two f e a t u r e s  o f  t h i s  m echan ism  m ig h t  

b e  e x p e c te d  t o  im p r e s s  t h e m s e lv e s  on th e  c y to p la s m ic  

m orp h o logy ; t h e r e  sh o u ld  b e  e v id e n c e  e i t h e r  o f  a " c y c l o s i s  * 

p a tte r n * ' in  th e  c y to p la s m , or  o f  th e  c y to p la sm  s tr e a m in g  

th r o u g h  th e  p o r e s  -  p e r h a p s  b o th  t o g e t h e r .  The l a s t  p o in t  

h a s  b e e n  d e a l t  w i t h  a b o v e , and so  f a r  a s  th e  fo r m e r  i s  

c o n c e r n e d  t h e  g e n e r a l  o r i e n t a t i o n  o f  th e  " f i b r i l s '*  o f  th e  

c y to p la sm  i n  th e  v i c i n i t y  o f  th e  s i e v e  p l a t e  i s  h a r d ly  

s u g g e s t iv e  o f  c y c l o s i s .

The tw o r e m a in in g  t h e o r i e s ,  t h a t  o f  " a c t iv a t e d  

d i f f u s i o n "  and th e  e l e c t r o o s m o t i c  t h e o r y ,  can  b e  c o n s id e r e d  

t o g e t h e r .  The g e n e r a l  im p r e s s io n  g iv e n  b y  a g o o d  m ic r o g r a p h  

o f  th e  s i e v e  p l a t e  r e g i o n ,  and so m e tim e s  o f  th e  g e n e r a l  lum en -  

s e e  f o r  in s t a n c e  P l a t e  90  -  i s  t h a t  a b u lk  f lo w  o f  t h e  

c o n t e n t s  i s  t a k in g  p l a c e  down th e  co lu m n . T h is  i s  * 

s u g g e s t e d  b y  th e  l o n g i t u d i n a l  o r i e n t a t i o n  o f  w hat h a s  b e e n  

c o n s id e r e d  t h e  e n d o p la sm ic  r e t ic u lu m  b o th  i n  th e  tu b e  i t s e l f  

and w i t h in  th e  p o r e s ;  and t h i s  i s  i n  g e n e r a l  a g r e e m e n t w it h  

t h e o r y .  I t  i s  d i f f i c u l t  t o  sa y  w h eth er  th e  s i e v e  p l a t e  .  

s t r u c t u r e  fa v o u r s  o r  o t h e r w is e  th e  " a c t iv a t e d  d i f f u s i o n "  

h y p o t h e s i s ;  b u t  i t  w o u ld  seem a t  l e a s t  t o  b e  th e  s o r t  o f  

t h in g  w h ic h  m ig h t b e  r e q u ir e d  by th e  e l e c t r o o s m o t i c  t h e o r y .
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A t  l e a s t ,  i t  s e e m s  q u i t e  a g r e e a b l e  w i t h  t h e  s u g g e s t i o n s  

o f  t h e  l a t t e r *
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The p r e s e n t  t h e s i s  s t a r t s  w i t h  a s h o r t  r e v ie w  o f  th e  

p ro b lem  o f  th e  c h a n n e l c o n c e r n e d  in  t r a n s l o c a t i o n  f o l lo w e d  b y  

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

The s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  th e  s i e v e  t u b e s ,  t h e  m ain  

t i s s u e  c o n cern ed  i n  t r a n s l o c a t i o n ,  a r e  c o n s id e r e d  i n  

r e l a t i o n  to  th e  v a r io u s  t h e o r i e s .  In  t h i s  c o n n e c t io n  t h e  

s t r u c t u r e  o f  th e  s i e v e  p l a t e  a s  d e s c r ib e d  b y  v a r io u s  w o r k e r s  

h a s  b e e n  r e v ie w e d  and t h e  n e e d  f o r  m ore s tu d y  t o  e l u c i d a t e  

i t  h a s  b een  c o n s id e r e d .

The r e a s o n s  f o r  c h o o s in g  N ym phoides p e t i o l e  a s  t h e  

s u b j e c t  m a t e r ia l  h a v e  b e e n  en u m era ted . A s h o r t  d e s c r i p t i o n  

o f  th e  f i x a t i o n  t e c h n iq u e s  s u i t a b l e  f o r  e l e c t r o n  m ic r o s c o p y  

i n  g e n e r a l  and s i e v e  tu b e s  i n  p a r t i c u l a r  f o l l o w s .  In  t h e  

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

o f  th e  p r e s e n t  m a t e r ia l  f o r  e l e c t r o n  m ic r o sc o p y  h a v e  b e e n  

t r i e d .  Two o f  t h e s e  in v o lv e d  o sm ic  a c id  a s  th e  f i x a t i v e .

In  one th e  p l a n t  m a t e r ia l  was f i x e d  w h i le  i n  th e  p r o c e s s  o f  

a c t u a l l y  c o n d u c t in g  b y  u s in g  a " d o u b le - c u t t in g "  m eth od ; i n  

th e  o t h e r ,  th e  m a t e r ia l  f o r  f ix a t io n ^ w a s  g iv e n  s e v e r a l  h o u r s  

o f  p r e tr e a tm e n t  t o  r e d u c e  i t s  t u r g o r .  The m e r i t s  o f  t h e s e  

tw o t e c h n iq u e s  h a v e  b e e n  c o n s id e r e d .  A t h i r d  m eth od  t r i e d  

in v o lv e d  KmnOĵ  a s  f i x a t i v e .  The r e s u l t s  o f  t h i s  a p p r o a c h  

h a v e  b e e n  c o n s id e r e d  i n  r e l a t i o n  t o  t h o s e  o f  t h e  f i r s t  tw o .

The s i e v e  tu b e  s t r u c t u r e  o f  m ature e le m e n ts  i s
J  -À

d e s c r ib e d  i n  d e t a i l  and com pared w ith  t h a t  o f  th e  s i e v e  

t u b e s  o b t a in e d  from  t h e  p e t i o l e s  o f  you n g  and s e n e s c e n t  l e a v e s .
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. Tt h a s  b e e n  shoivn t h a t  t h e  c y to p la s m  o f  t h e  s i e v e  e le m e n t s ,  

th o u g h  s c a n ty  and p e r ip h e r a l  in  p o s i t i o n  i s  n o t  d e n a tu re d #  

E v id e n c e  h a s b e e n  b r o u g h t  fo rw a rd  t o  s u g g e s t  t h a t  t h e  s i e v e  

tu b e  c y to p la sm  c o n t a in s  a r em a rk a b le  develop m  cnt o f  t h e  

e n d o p la sm ic  r e t ic u lu m *  The t h r e a d s  o f  t h i s  r e t ic u lu m  

a p p ea r  t o  run  l o n g i t u d i n a l l y  i n  th e  p o r e  w here t h e y  seem  t o  

be p a ck ed  c o m p a c t ly . E v id e n c e s  f o r  and a g a i n s t  t h e  

s t a t i o n a r y  n a tu r e  o f  th e  s i e v e  tu b e  c y to p la sm  h a v e  b e e n  

c o n s id e r e d  and i t  i s  c o n c lu d e d  t h a t  th e  c y to p la sm  p r o b a b ly  

’ d o e s  n o t  strea m  th r o u g h  th e  p o r e s .  No c o n c lu s i v e  e v id e n c e  

f o r  th e  a b s e n c e  o f  a t o n o p la s t  i n  th e  s i e v e  e le m e n t  h a s  b e e n  

o b ta in e d  from  t h e  p r e s e n t  s tu d y #

A number o f  i n c l u s i o n s  o f  d e f i n i t e  i d e n t i t y  h a v e  b e e n  

fo u n d  i n  th e  s i e v e  tu b e s  b o th  n e a r  th e  s i e v e  p l a t e s  and  

f u r t h e r  away from  th em , and t h e s e  a r e  b r i e f l y  d e s c r ib e d .

They in c lu d e  m ito c h o n d r ia ,  p l a s t i d s  and s t a r c h  g r a i n s .

The G ive tu b e s  o f  N ym phoides show m a rk ed ly  t h i c k  an d  

c r e n u la t e d  n a c r e o u s  w a l l s  b o th  i n  th e  e l e c t r o n  m ic r o s c o p e ,  

and w ith  th e  r a th e r  g r e a t e r  d i f f i c u l t y  w it h  o p t i c a l  

e x a m in a t io n . T h ese  w a l l s  do n o t  seem  t o  b e  h i g h ly  h y d r a t e d .  

The m a tr ix  o f  th e  w a l l ,  i n  e l e c t r o n  m ic r o g r a p h s , sh ow s b l a c k  

" i n c l u s i o n s " , w h ich  i n  many c a s e s  r e s e m b le  th e  in n e r  l i m i t  

o f  th e  w a l l .

T h e  d e t a i l e d  s tu d y  o f  th e  w a l l  s t r u c t u r e  c o u ld  n o t  

h ow ever  b e  c a r r i e d  o u t w ith  t h e  a p p a r a tu s  a v a i l a b l e .  I t  

w ou ld  a p p ea r  t h a t  th e  n a c r e o u s  w a l l  grow s so  f a s t  t h a t  i t  

e n v e lo p s  th e  p e r ip h e r a l  c y to p la s m . The in n e r  l i m i t  o f  t h e



177
n a c r e o u s  w a l l  q u i t e  f r e q u e n t l y  show s a d o t t e d - l i n e  a p p ea r a n c e *  

The m eaning o f  t h i s  i s  c o n s id e r e d *

L a te r a l  c o n n e c t in g  s t r a n d s  b e tw e e n  s i e v e  e le m e n t s ,  

com panion c e l l s  and parenchym a c e l l s  h a v e  a l s o  b e e n  

d e m o n s tr a te d . The n a tu r e  o f  t h e s e  i s  b r i e f l y  d is c u s s e d *  

L a s t ly  th e  s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  th e  s i e v e  

p l a t e  a s  d e m o n stra te d  i n  t h i s  s tu d y  h a v e  b e e n  c o n s id e r e d  i n  

r e l a t i o n  t o  th e  p r e v a i l i n g  t h e o r i e s  o f  t r a n s lo c a t io n *  I t  

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

th e  p r e s s u r e - f lo w  h y p o t h e s i s  and a l s o  f o r  th e  p r o r o p la s m ic  

s tr e a m in g  th e o r y *  They w ou ld  seem  t o  f i t  r e a s o n a b ly  w e l l  

i n t o  an a c t i v a t e d  d i f f u s i o n  h y p o t h e s i s  or  i n t o  th e  

e le c t r o o s m o t i c  th e o r y *
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INTRODUCTION

T r a n s lo c a t io n ,  l i k e  an y  o t h e r  p h y s i o l o g i c a l  p r o c e s s ,  

i s  g o v e r n e d  b y  a  s e t  o f  f a c t o r s ,  b o th  i n t e r n a l  and  e x t e r n a l *  

Some o f  t h e s e  c o n t r o l  t h e  d i r e c t i o n  o f  m ovem ent w h e r e a s  

o t h e r s  a f f e c t  i t s  r a t e .  Among t h e  l a t t e r  g r o u p , t e m p e r a tu r e  

i s  p r o b a b ly  one o f  t h e  m o st im p o r ta n t  and m o st c o n t r o v e r s i a l ;  

i n  f a c t ,  r e p o r t s  o f  t h e  e f f e c t  o f  te m p e r a tu r e  on t h e  v e l o c i t y  

o f  t h e  p r o c e s s  ( i * e *  on i t s  QIO) a r e  e x t r e m e ly  c o n f l i c t i n g .

T h ere  a r e  tw o m ain  s c h o o l s  o f  th o u g h t  on t h i s  s u b j e c t ,  

one l e d  o r i g i n a l l y  b y  C u r t i s  and t h e  o t h e r  b y  W ent.

A c c o r d in g  t o  t h e  fo r m e r  t h e  QlO o f  t r a n s l o c a t i o n  i s  o f  th e  

o r d e r  o f  1 . 5 ,  w h e r e a s  a c c o r d in g  t o  t h e  s e c o n d  i t s  v a l u e  i s  

l e s s  th a n  1 .  Thus C u r t i s  and H e r ty  ( 1 9 3 6 ) ,  a s  a  r e s u l t  o f  

an  i n v e s t i g a t i o n  t o  d e te r m in e  t h e  e f f e c t  o f  t e m p e r a tu r e  on  

t r a n s l o c a t i o n  fro m  l e a v e s ,  r e p o r t e d  a  QIO o f  m ore th a n  1 .

T h is  w as s u b s e q u e n t ly  c o n f ir m e d  b y  H e w it t  and  C u r t i s  ( 1 9 4 8 ) .  

C o n tr a r y  t o  t h i s  v i e w ,  Went (1 9 4 4 )  a d d u c ed  e v id e n c e  t h a t  t h e  

QIO o f  t r a n s l o c a t i o n  w as l e s s  th a n  1 i n  to m a to  p l a n t s ;  an d  

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

to m a to  p l a n t s  w as o b t a in e d  b y  Went ( 1 9 4 5 ) ,  Went an d  E n g e l s b e r g  

( 1 9 4 6 ) ,  Went and  C a r te r  (1 9 4 8 )  and Went and H u l l  ( 1 9 4 9 ) .

H u l l  ( 1 9 5 2 ) ,  f e e d i n g  c l 4  l a b e l l e d  s u c r o s e  t o  one l e a f  o f  

su g a r  b e e t  and  to m a to , a l s o  fo u n d  i n c r e a s e d  t r a n s l o c a t i o n  a t
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a  lo w e r  te m p e r a tu r e  (1 -3 ® G ). A lo w  te m p e r a tu r e  c o e f f i c i e n t  

h aa  a l s o  b e e n  r e p o r t e d  f o r  c h i l i  p e p p e r  b y  B o r la n d  and  

Went ( 1 9 4 7 ) .  H ow ever , i n  r e c e n t  y e a r s  a n o t h e r  g r o u p  o f  

w o r k e r s  l e d  b y  Sw anson h a s  j o i n e d  i n  t h i s  c o n t r o v e r s y .

Sw anson and B o h n in g  (1 9 5 1 )  h a v e  s t u d i e d  t h e  e f f e c t  o f  p e t i o l e  

te m p e r a tu r e  on t h e  t r a n s l o c a t i o n  o f  c a r b o h y d r a t e s  fro m  t h e  

b e a n  l e a v e s  and h a v e  r e p o r t e d  a  QIO v a lu e  o f  m ore th a n  1 .

A s i m i l a r  r e s u l t  w as o b t a in e d  b y  B o h n in g , Sw anson and  L in c k  

( 1 9 5 2 ) by v a r y in g  t h e  h y p o c o t y l  t e m p e r a t u r e .  A y e a r  l a t e r  

B o h n in g , 'K e n d a l l  and  L in c k  (1 9 5 3 )  fo u n d  t h a t  t h e  QIO f o r  

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

1 2 -2 4 %  w as a p p r o x im a t e ly  1 . 5 .  U s in g  r a d i o - a c t i v e  C l4 0 2  

V ernon and A r o n o ff  ( 1 9 5 2 )  a l s o  r e p o r t  t h a t  i n c r e a s e  i n  

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

Sw anson and  W h itn ey  ( 1 9 5 3 )  h a v e  fo u n d  m ark ed  i n h i b i t i o n  o f  

t r a n s l o c a t i o n  o f  r a d i o - a c t i v e  P 3 2 , k4-2, Oa45 and  0 8 ^ 3 7  when  

t h e  p e t i o l e  te m p e r a tu r e  w as lo w e r e d  t o  a b o u t  5®G«

I n  m o st  o f  t h e s e  s t u d i e s  t h e  r a t e  o f  t r a n s l o o a t i o n  h a s  

b e e n  m ea su red  o n ly  v e r y  i n d i r e c t l y  i n  t e r n s  o f  s u c h  

m e a su r e m e n ts  a s  t h e  l o s s  o f  d r y  w e ig h t ,  t h e  r a t e  o f  b l e e d i n g  

o f  d e c a p i t a t e d  s h o o t s ,  o r  s te m  e l o n g a t i o n .  T h u s , t h e  

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

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

m o b i l i s a t i o n  o f  s t a r c h ,  m ovem ent i n t o  s i e v e - t u b e s ,  t r a n s p o r t
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p ro p e r , grow th re sp o n s e s , as  w e ll a s  th e  complex phenomenon 

o f ro o t  p re s s u r e .  T h is may p e rh ap s  he th e  c lu e  to  th e  

c o n f l i c t in g  r e p o r t s  o f th e  v a lu e  o f  th e  QIO. The m a t te r  

o b v io u s ly  needs f u r t h e r  in v e s t i g a t io n ,  and th e  f i r s t  p r e 

r e q u i s i t e  f o r  t h i s  i s  th e  developm ent o f a  m ethod g iv in g  

a  more d i r e c t  m easurem ent o f th e  t r a n s lo o a t io n  v e lo c i t y  

p ro p e r .  T h is  i s  by no means an easy  t a s k ;  more e s p e c i a l ly  

in  view o f  th e  f a c t  th a t ,  th e  p re c is e  mechanism and p a t t e r n  

o f th e  t r a n s lo c a to r y  mechanism b e in g  s t i l l  unknown, i t  i s  

t h e r e f o r e  n o t p o s s ib le  a s  y e t  to  s p e c ify  q u i te  unam biguously  

what i s ,  in  f a c t ,  b e in g  m easured . However, i t  sh o u ld  be 

p o s s ib le  to  g e t  c o n s id e ra b ly  n e a re r  to  th e  e sse n c e  o f  th e  

problem  th a n  h a s  so f a r  b een  done.

P r io r  to  th e  a v a i l a b i l i t y  o f t r a c e r s ,  th e  r a t e  o f 

t r a n s lo o a t io n  was o b ta in e d  f a i r l y  d i r e c t l y  e i t h e r  by 

m easuring  th e  mass o f  m a te r ia l  t r a n s p o r te d  p e r  u n i t  o f  tim e 

by assum ing a  c o n c e n tra t io n  th ro u g h  known c r o s s - s e c t i o n a l  

a r e a s ,  o r  by m easu ring  th e  in c re a s e  i n  th e  c o n c e n t r a t io n  o f  

th e  t r a n s lo c a te  a t  m easured d is ta n c e s  from  th e  a s s im i la t i n g  

t i s s u e s  a f t e r  d e f in i t e  tim e i n t e r v a l s .  L ess d i r e c t l y ,  i t  

was m easured by n o t in g  th e  m o rp h o lo g ica l re sp o n s e s  o f
'■ir ,

t i s s u e s  a t  m easured  d is ta n c e s  from  th e  p o in t  o f a p p l i c a t i o n  

o f th e  su b s ta n c e  p ro d u c in g  th e  re sp o n se . As h as  been  

rem arked e a r l i e r ,  a l l  th e s e  m ethods a re  co m p lic a te d  by th e



in te r v e n t io n  o f  o th e r  p ro c e s s e s .  Im m ediate d e te rm in a t io n  

of th e  r a t e  was ham pered by th e  i n a b i l i t y  to  d i s t i n g u i s h  

t r a n s lo c a t in g  m a te r ia l  from  th e  m a te r ia l  a lre a d y  p r e s e n t  i n  

th e  s ie v e  tu b e . W ith in  f a i r l y  r e c e n t  y e a rs  th e  u se  o f  

t r a c e r s  h as  o f fe re d  a  more d i r e c t  means o f  m easu rin g  th e  

r a t e  o f t r a n s lo o a t io n ,  b u t h i t h e r t o  no f u l l y  s a t i s f a c t o r y  

method o f u s in g  them h a s  been e v o lv ed . Vernon and A ronoff 

(1 9 5 2 ), u s in g  G ^O a, r e p o r te d  a  t r a n s lo o a t io n  v e l o c i t y  o f 

84cm /hr f o r  th e  p h o to s y n th a te . T h is  was c a lc u la te d  by

e x t r a p o la t in g  th e  a c t i v i t y  cu rv e s  f o r  a  5 - and a  20-m inute  

t r a n s lo o a t io n  in v o lv in g  two d i f f e r e n t  p l a n t s  and th e  

assum ption  t h a t  th e  f r o n t  o f  a c t i v i t y  i s  a t  th e  i n t e r c e p t  

o f  th e  c u rv e . R a th e r s im i la r  o b je c t io n s  a re  v a l i d  f o r  th e  

m ethod o f in tro d u c in g  r a d io - a c t iv e  su g a rs  by f o l i a r  

a p p l ic a t io n  a s  p o in te d  ou t by N elson and Gorham (1 9 5 7 ).

L a te r  on N elson and Gorham (1957) in tro d u c e d  l a b e l l e d  su g a rs  

th ro u g h  th e  p e t i o l e  stum p, b u t h e re  i n  a d d i t io n  th e r e  i s  

th e  o b je c t io n  t h a t  th e r e  i s  th e  obv ious p o s s i b i l i t y  o f 

xylem  t r a n s p o r t .

One o f th e  b e s t  m ethods from  th e  t h e o r e t i c a l  p o in t  o f  

v iew  o f e s t im a t in g  th e  v e l o c i t y  o f th e  phloem  s tre a m  i t s e l f  

i s  p ro b a b ly  t o  m easure th e  w aveleng th  o f  th e  n a t u r a l  2 4 -h o u r 

p e r io d  in  su g ar c o n c e n tr a t io n  down th e  stem . T h is  m ethod
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was f i r s t  u sed  by H uber, Schm idt and J a h n e l  (1937) and 

r e c e n t ly  in  a  m o d ified  way by Zimmermann (1 9 5 8 ). The r e s u l t  

o f  e a r l i e r  w orkers i s  n o t v e ry  s a t i s f a c to r y  a s  th e  concen

t r a t i o n  " c r e s t s "  a re  n o t  v e ry  w e ll m arked. T h is  i s  n o t  v e ry  

s u r p r i s in g  in  th e  l i g h t  o f  Zimmermann'a (1958) o b s e rv a t io n s  : 

a c c o rd in g  to  him c e r t a i n  c o n d i t io n s  m ust be s a t i s f i e d  b e fo re  

t h i s  method can y ie ld  co n v in o in g  r e s u l t s .  Some o f th e s e  

c o n d it io n s  a re  : (1 ) a  lo n g  s t r a i g h t  t r e e  tru n k  w ith o u t

b ra n c h e s , (2 )  s y o m e tr lo a l l i v e  crown and (3 )  u n i fo rm ity  o f  

l i g h t  f a l l i n g  on th e  lo a v e s .  I t  had e a r l i e r  been  f e l t  t h a t  

u se  m ight be made o f th e  method employed many y e a r s  ago f o r  

th e  somewhat an a lo g o u s  problem  o f  d e te rm in in g  th e  th e rm o - _ 

m e tr ic  c o n d u c tiv i ty  o f  m e ta l b a r s :  a p p ly in g  a  p e r i o d i c a l l y

v a ry in g  so u rc e  o f r a d i o - a c t i v i t y  to  th e  l e a f  o f Nymphoides 

and m easu ring  th e  p e r io d i c i t y  o f  th e  a c t i v i t y  in  i t s  lo n g  

u n ifo rm  p e t i o l e .  I t  can be seen  t h a t  such  an o b je c t  would 

f u l f i l  r a t h e r  w e ll th e  c o n d i t io n s  l a t e r  su g g e s te d  by 

Zimmermann (1 9 5 8 ). F u r th e r  i t  was f e l t  t h a t  th e  l o n g ^ l -  

t u d in a l  p a t t e r n  o f r a d i o - a c t i v i t y  m igh t d is tin g ^ u ish  

d e c is iv e ly  betw een a d i f f u s iv e  mechanism and a  t r u e  m ass 

f lo w , s in c e  F i c k 's  Law im p lie s  an  ex trem e ly  r a p id  f a l l i n g  

o f f  in  am p litu d e  from  one c r e s t  to  th e  n e x t .  I t  v/as 

th e r e f o r e  f e l t  t h a t  t h i s  m ethod, u s in g  r a d io - a c t iv e  01402



194-

and th e  f a i r l y  s h o r t  p e r io d  o f  h a l f  an h o u r o r  so , m ig h t 

y i e l d  more p r e c i s e  r e s u l t s  from  which to  o b ta in  th e  v e l o c i t y  

o f t r a n s lo o a t io n .  S tu d ie s  a t  d i f f e r e n t  te m p e ra tu re s  co u ld  

th e n  he c a r r i e d  o u t t o  de te rm ine  th e  QIO o f  th e  t r a n s p o r t  

p ro c e s s  i t s e l f ,  th e  p e t i o l e  b e in g  r e a d i ly  m a in ta in e d  a t  

d i f f e r e n t  te m p e ra tu re s  w h ile  th e  l e a f  and r o o t s to c k  rem a in ed  

a t  t h a t  o f  th e  l a b o r a to r y .  T h is  method f u r t h e r  h e ld  o u t 

th e  prom ise o f  y ie ld in g  a  m easure o f  th e  v e lo c i t y  i t s e l f  

u n a f fe c te d  by such  c o m p lic a tin g  v a r ia b le s  a s  th e  r a t e  o f  

p h o to s y n th e s is ,  m o b i l i s a t io n  o r  grow th r e s p o n s e . These 

ad v an tag es  seemed g r e a t  enough to  w a rra n t em bark ing  on some 

p re lim in a ry  t r i a l s  in  s p i t e  o f th e  o b v io u s ly  p r o b le m a t ic a l  

chance o f s u c c e s s .



MATERIALS AND METHODS

1 . Growing th e  p la n t

Aa m entioned  e a r l i e r ,  grow th o f N. p e lta tu m  te n d e d  to  

be p o o r d u rin g  w in te r .  T h is  was p ro b a b ly  due t o  p o o r l i g h t  

and  low te m p e ra tu re , though  a i r  c o n ta m in a tio n  in  th e  l a b o r a to r y  

and n a t u r a l  dormancy were a ls o  p o s s ib le  f a c t o r s .  A rrangem ents 

f o r  a  more fa v o u ra b le  l i g h t  p e r io d  and te m p e ra tu re  w ere 

how ever made, and th e s e  e n a b le d  th e  p la n t  t o  c o n tin u e  i t s  

g row th  somewhat more h e a l t h i l y  b u t s t i l l  n o t  e n t i r e l y  

s a t i s f a c t o r i l y .  The p la n t  was grown in  s e v e n - in c h  p o ts  k e p t 

i n  a  ta n k  ab o u t e ig h te e n  in c h e s  deep in  th e  l a b o r a to r y  window 

u n d e r a  co n tin u o u s  su p p lem en ta ry  tu n g s te n  l i g h t  I n t e n s i t y  o f  

150  f t .  c a n d le s  from  a  100 w a tt  sp o t b u lb . The b u lb  was 

im m ersed i n  w a te r  i n  a  g l a s s  j a r  t o  f i l t e r  o f f  th e  h e a t  r a y s .  

A rrangem ent was a l s o  made f o r  th e  c o n tin u o u s  c o o lin g  o f  th e  

w a te r  i n  th e  g l a s s ' j a r  by a  sim p le  c o n v e c tio n  sy s te m . The 

w a te r  i n  th e  ta n k  was k e p t a t  a  t h e r m o s ta t i c a l l y  c o n t r o l l e d  

te m p e ra tu re  o f  20- 23% .

Some t r o u b le  w ith  a  b a c t e r i a l  scum w hich fo im ed  on th e  

w a te r  was k e p t i n  check  by a s im p le  method o f f l u s h in g  th e  

s u r f a c e ,  f r e s h  ta p  w a te r  b e in g  ru n  i n  below  and th e  s u r f a c e  

l a y e r s  d ra in e d  o f f  i n t o  a  subm erged f u n n e l .  Under th e s e  

c o n d i t io n s  g row th  was m o d e ra te ly  good th ro u g h o u t th e  w in te r .
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2# P la n  o f  t h e  e x p e r im e n t

I t  w as p la n n e d  t o  b e g i n  w i t h  t o  s u p p ly  o r d in a r y  CO2 t o  

t h e  l e a f  i n  a  p e r s p e x  l e a f  cham ber f o r  s e v e r a l  h o u r s  a t  a  

s t e a d y  r a t e  # A f t e r  t h i s  a  s m a l l  d o s e  o f  r a d i o a c t i v e  0^4^02 

(a b o u t^ M c) w as t o  b e  g i v e n  a n d  a s  s o o n  a s  m ore o r  l e s s  c o m p le t e  

u p ta k e  w as c o n f ir m e d  b y  t h e  I n f r a  B ed  Gas A n a ly s e r  (IHGA) 

o r d in a r y  CO2 w as t o  b e  s u p p l i e d  a g a in  t o  m a in t a in  a  s t e a d y  

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

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

s u i t a b l e  t i m e ,  t h e  d o s e  o f  r a d i o a c t i v e  0 ^ 4 0 2  w a s  t o  b e  r e p e a t e d  

and  f o l l o w e d  b y  o r d in a r y  OO2 # A f t e r  a  f u r t h e r  l a p s e  o f  t im e  

t h e  p e t i o l e  w as t o  b e  h a r v e s t e d  an d  f r e e z e - d r i e d  i n  v a c u o .

When d r y ,  t h e  p e t i o l e  w as t o  b e  a s s a y e d  l o n g t i t u d i n a l l y  u n d e r  

an  en d  w indow  c o u n t e r  to .  g e t  t h e  d i s t r i b u t i o n  o f  C ^ .  I t  

w as h o p ed  t o  g e t  a  "wave ** a s  show n i n  F ig u r e  6 b y  p l o t t i n g  

c o u n t s  p e r  m in u te  p e r  cm* a g a i n s t  d i s t a n c e  a l o n g  t h e  p e t i o l e .

ACT IV IT Y 

P E P  CM.

D IS T A N C E  A L O N G  P E T I O L E

F ig u r e  6 .

Then k n o w in g  t h e  " p e r io d "  o f  t h e  w ave t h e  v e l o c i t y  o f  t h e  

p h lo e m  s tr e a m  c o u l d  b e  a t  o n c e  fo u n d  fr o m  t h e  w a v e le n g th *  . I t
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was hoped to  r e p e a t  th e  ex p e rim en t a t  o th e r  te m p e ra tu re s  

by c o n f in in g  th e  p e t i o l e  betw een  two s t r a i g h t  co p p e r tu b e s  

ab o u t i n  d iam e te r  and ru n n in g  warm w a te r  th ro u g h

them .

3» D e ta i l s  o f th e  e x p e r im e n ta l  s e t  up

In  o rd e r  to  make th e  changes i n  th e  r a d i o a c t i v i t y  o f  

th e  a e r i a l  OOg s u p p lie d  a s  s t r i k i n g  and a s  a b ru p t  a s  

p o s s ib le  i t  was d ec id e d  to  u se  a  c lo s e d  c i r c u i t  w ith  th e  

s m a l le s t  p o s s ib le  volume and w ith  an a rran g em en t f o r  th e  

co n tin u o u s  c i r c u l a t i o n  o f  th e  e n c lo se d  g a s . D e t a i l s  o f  th e  

e x p e r im e n ta l  s e t  up a re  g iv en  d ia g ra m m a tic a lly  i n  F ig u re  7 ,  

The lam in a  was e n c lo se d  in  th e  a i r - t i g h t  p e rsp e x  l e a f -  

cham ber, h av in g  two o u t l e t s .  One o f  th e  o u t l e t s  was 

co n n e c ted  to  th e  lEGA w h ile  th e  o th e r  was co n n e c ted  th ro u g h  

a  g l a s s  com m utating ta p  1 t o  th e  c i r c u l a t i n g  pump. A v e ry  

m inu te  a i r - l e a k  i n  th e  form  o f a  f i n e  hypoderm ic n e e d le  

i n s e r t e d  i n to  a  ru b b e r  c o n n e c tin g  tu b e  was in tro d u c e d  

betw een  th e  t a p  and th e  pump t o  keep th e  e n c lo s e d  g a s  a t  

a tm o sp h e ric  p r e s s u r e .  The o u t l e t  o f  th e  pump was jo in e d  

th ro u g h  a  n e e d le  v a lv e  ( t o  c o n t r o l  th e  r a t e  o f flo w ) t o  a  

c a p i l l a r y  r e s i s t a n c e  manometer o f f i n e  p o ly th e n e  tu b in g  

fu n c t io n in g  a s  a  flo w  m e te r . The l a t t e r  was u se d  to  

d e te rm in e  th e  r a t e  o f  flo w  o f  th e  g a s  and c o n ta in e d  w a te r  

w ith  a  l i t t l e  m eth y len e  b lu e  and te e p o l  a s  th e  m anom etric
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f lu id *  The o th e r  end o f th e  flo w  m e te r  was co n n e c te d  to  a  

OO2 g e n e ra t in g  cham ber, th e  d e t a i l s  o f w hich  a r e  d e s c r ib e d  

l a t e r ,  w hich in  i t s  t u r n  was co n n ec ted  th ro u g h  two 

ooim autating t a p s  1 & 2 to  th e  lECrA# The l a t t e r  a s  rem arked  

e a r l i e r  was co n n ec ted  to  th e  l e a f  cham ber, c o m p le tin g  th e

c i r c u i t*  The second com m utating ta p  was u se d  f o r  f l u s h in g
'

o u t th e  sy s tem .

By th e  u se  o f  th e  com m utating t a p  1 th e  d i r e c t i o n  o f th e

flo w  o f  th e  g a s  co u ld  be r e v e r s e d .  In  one p o s i t i o n  o f  th e

ta p  th e  g as  w ould flo w  from  th e  g e n e ra t in g  cham ber th ro u g h

th e  lEGA to  th e  l e a f .  In  t h i s  c a se  th e  IRGA w ould i n d i c a t e

th e  c o n c e n tr a t io n  o f  CO2 b e in g  s u p p l ie d  to  th e  l a n i n a .  In  

th e  o th e r  p o s i t io n  o f  th e  ta p  th e  d i r e c t i o n  o f  th e  g a s  f lo w  

would be from  th e  g e n e ra to r  th ro u g h  th e  l e a f  cham ber to  th e  

IRGA, and i n  t h i s  c a se  th e  IRGA vrould g iv e ; th e  c o n c e n t r a t io n  

o f  th e  g a s  le a v in g  th e  la m in a . The d i f f e r e n c e  be tw een  th e  

two c o n c e n t r a t io n s  would g iv e  th e  COg u se d  i n  p h o to s y n th e s i s .  

Thus th e  com m utating t a p  1 i n  c o n ju n c t io n  w ith  th e  f lo w  

m e te r  co u ld  be u se d  to  f i n d  th e  n e t  a s s im i la t i o n  r a t e  d u r in g  

a  s te a d y  s t a t e ,  and t h i s  co u ld  be cœ apared w ith  th e  

t r a n s l o c a t i o n ,  assum ing  o n ly  a  v a lu e  f o r  th e  c o n c e n t r a t io n  

o f  th e  s ie v e  tu b e  s a p .

4 . D e ta i l s  o f  th e  l e a f  cliamber

The d e t a i l s  o f th e  l e a f  chamber a re  shown i n  F ig u re  8 .

I t  was made o f  p e rsp e x  and c o n s is te d  m a in ly  o f  a  s m a l le r
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u.ppei’ di.sc and l a r g e r  lo w er one. The two d is c s  w ere 

s e p a ra te d  by an 0 - r in g .  T h is  arrangem ent made an a i r - t i g h t  

l e a f  cham ber w ith  a  sm all i n t e r n a l  volume ; th e  l a t t e r  

e n s u r in g  a  r a p id  tu rn o v e r  o f OO2 i n  th e  sy s tem . F u r th e r  by 

u s in g  d i f f e r e n t  s i z e s  o f  0 - r in g s  one cou ld  have d i f f e r e n t  

s i z e s  o f  l e a f  chamber ( t h a t  i s ,  o f v a ry in g  i n t e r n a l  d ia m e te r)  

to  s u i t  d i f f e r e n t  s i z e s  o f la m in a . The lam in a  was in tro d u c e d  

i n to  th e  l e a f  chamber th ro u g h  a  h o le  in  th e  low er p e rsp e x  

d i s c ,  th e  l a t t e r  b e in g  c lo s e d  w ith  a  c i r c u l a r  s te p p e d  d is c  o f  

p e rsp e x  s p l i t  a lo n g  a  chord on which was d r i l l e d  a  sm a ll h o le  

o f  d ia m e te r  j u s t  la rg e  enough to  accommodate th e  p e t i o l e .  A ll  

th e  j o i n t s  were g re a se d  w ith  v a s e l in e  to  make th e  l e a f  cham ber 

a i r - t i g h t ,  and th e  p e t io l e  was l ik e w ise  lu t e d  w ith  v a s e l in e  

where i t  p a s se d  th ro u g h  th e  p e rsp e x .

5 . D e ta i l s  o f th e  OOo Awm erating chamber

T h is  chamber c o n s is te d  o f a  sm a ll g la s s  j a r  (F ig u re  9) 

g round  f l a t  above and covered  by a  b r a s s  d i s c ,  th ro u g h  w hich 

p a s s e d  two copper tu b e s  A and B a s  shown. The fo rm er a c te d  

a s  an o u t l e t ,  th e  l a t t e r  a s  an  i n l e t .  The i n t e r n a l  volum e 

o f th e  g l a s s  j a r  was red u ced  by i n s e r t i n g  a  s o l i d  p e rsp e x  ro d  

30 t h a t  on ly  a  sm a ll volume o f  a c id  was r e q u i r e d  to  f i l l  th e  

j a r  to  ab o u t 1" o f th e  to p .  A b r a s s  ro d  was s o ld e re d  o n to  

th e  to p  o f  th e  b r a s s  cap and had two c l i p s  a t ta c h e d  to  i t  t o
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h o ld  two hypoderm ic s y r in g e s ,  one f o r  a  s o lu t io n  o f  o rd in a ry  

hagGO^ and th e  o th e r  f o r  r a d io a c t iv e  (îîagG^^Oj) s o lu t io n .

The c a rb o n a te  s o lu t io n s  were ru n  in to  th e  a c id  i n  th e  j a r  

a t  th e  re q .u ire d  r a t e  hy a p p ly in g  a i r  p re s s u re  frcsa th e  a i r -  

m ain t o  th e  s y r in g e s ,  c o n n e c tio n  b e in g  made from  th e  a i r -m a in  

to  th e  l a t t e r  w ith  f i n e  p o ly th en e  tu b in g  end ing  i n  hypoderm ic 

n e e d le  tu b in g ;  and from th e  s y r in g e s  in to  th e  g e n e ra to r  w ith  

f i n e  n e e d le s  t h r o u ^  w hich were ru n  c l o s e - f i t t i n g  b r a s s  w ire s .  

By t h i s  means i t  was p o s s ib le  t o  secu re  a  v e ry  slow  and 

c lo s e ly - r e g u la t e d  movement of c a rb o n a te  in to  th e  a c id ;  and to  

change r a p id ly  from  one so u rce  o f  c a rb o n a te  to  th e  o th e r  

w ith o u t a l t e r a t i o n  i n  r a t e .  As a c id ,  th e  n o n - v o la t i l e  

s u lp h u r ic  a c id  was chosen , and g ly c e r in e  added o r i g i n a l l y  to  

s e c u re  a  s l i g h t  d iy  a c t io n  b e fo re  th e  a i r  t r a v e r s e d  th e  flo w  

m e te r .  The d e s ig n  o f th e  low er p a r t  o f  th e  cham ber was such  

t h a t  th e  b u b b le s  produced a r a p id  c i r c u l a t i o n  o f  th e  l i q u i d ,  

and th e  GOg produced  by th e  r e a c t io n  w as, a s  judged  by  th e  

b e h a v io u r  o f  th e  IRGA, v e ry  r a p id ly  removed i n t o  th e  g aseo u s  

p h a s e . A v a r ia b le  b y -p a ss  was f i t t e d  to  th e  g e n e ra to r  t o  

c o n t r o l  th e  re g io n  o f  th e  s c ru b b in g , and an  a rran g em en t f o r  

p e r io d i c a l l y  w ithd raw ing  f l u i d  w ith  a  la r g e  sy r in g e  to  p re v e n t

th e  l e v e l  r i s i n g  to o  h ig h .

The s t r e n g th  o f  th e  v a r io u s  s o lu t io n s  u sed  was a s

f o l lo w s Î -
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I n a c t iv e  ^ 200^ . .  . .  0 .0 6  M

^20^4^02..........................................  0 .0 1  M ,,

H2SO4, .......................  2^  in  50^  g ly c e r in e .

The r a d io a c t iv e  c a rb o n a te , a s  o b ta in e d  from  The R adio

chem ica l C e n tre , Amersham, E ngland , was i n  th e  form  o f 

BaC^^o^, I t  was c o n v e rte d  t o  0 .0 1  M Ra20^4o2 whose a c t i v i t y  

was th e n  d i lu te d  v /ith  o rd in a ry  Ïïa2003 to  g iv e  a  t o t a l  m o la r i ty  

o f 0 .06  M w ith  6(^ c /m l.

6 . The I n f r a  Red Gas A naly ser

A f a c to r  w hich  h in d e re d  th e  p re s e n t  work somewhat a ro s e  

from  th e  n e c e s s i ty  o f  m od ify ing  th e  IRGA i n  th e  e a r l y  s t a g e s .  

T h is  was a  new in s tru m e n t by Howard Grubb P a rs o n s , and as  

d e l iv e r e d  th e  i n t e r n a l  ju n c t io n s  to  th e  g as c i r c u i t  w ere made 

w ith  o o p p e r -a sb e s to s  w ashers and were f a r  from  le a k - p r o o f .  

These were a l l  remade a c c o rd in g  to  h ig h  vacuum p r a c t i c e  w ith  

0- r i n g s  and th e  a i r - t i g h t n e s s  o f th e  fou r-w ay  m e ta l s to p c o c k  

was l ik e w is e  im proved . The b a la n c in g  s h u t t e r  was found to  

have f a r  to o  c o a rse  an a d ju s tm e n t, and a re f in e m e n t was 

c a r r i e d  out by c u t t in g  down th e  v e r t i c a l  le a d in g  edge to  a  

f a i r l y  a c u te  a n g le .  At th e  same tim e th e  b a c k la s h  on th e  

movement was re d u ced  by f i t t i n g  a  te n s io n  s p r in g .  The l a s t  

m o d if ic a t io n s  made were t o  re p la c e  th e  AC s o le n o id  o p e r a t in g  

th e  c a l i b r a t i n g  w ire  (w hich was ex trem e ly  n o is y  i n  o p e r a t io n  

and v e ry  s ta c c a to )  w ith  a  g e n t le  c o rd -o p e ra te d  d e v ic e ;  and
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t o  r e p la c e  th e  i n l e t  P o rv io  f i l t e r  d is c  ( th e  m ounting f o r  

w hich v/as v e ry  le a k y )  w ith  a  c o tto n  wool f i l t e r  p lu g . These 

m o d if ic a t io n s  made th e  IHOA much more s a t i s f a c t o r y  t o  u se
-  ̂ y , _ - ■ ■ ^

w ith  low c o n c e n tr a t io n s  o f CO2 and i t  s u b se q u e n tly  perfo rm ed  

v e ry  w e l l .
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T h e  f i r s t  e x p e r i m e n t  w a s  c a r r i e d  o u t  u n d e r  t h e  f o l l o v / i n g  

c o n d i t i o n s ,  w i t h  t h e  p l a n t  g r o w i n g  n a t u r a l l y  i n  t h e  t a n k  a n d  

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

T e m p e r a t u r e  -  1 6 ^ C ,  l i g h t  i n t e n s i t y  a t  t h e  s u r f a c e  o f  

t h e  l e a f  c h a m b e r  -  7 5 0  f t .  c a n d l e s ,  t h r e e  d o s e s  o f  r a d i o a c t i v e  

s o l u t i o n  a t  i n t e r v a l s  o f  o n e  h o u r  e a c h ,  a c t i v i t y  p e r  

d o s e  b e i n g  6  ; a c ;  b e t w e e n  t h e s e  t h e  l a m i n a  w a s  g i v e n  a  s t e a d y  

l o w  c o n c e n t r a t i o n  o f  i n a c t i v e  C O g »  T h e  l e a f  h a d  b e e n  k e p t  

i l l u m i n a t e d  i n  i n a c t i v e  C O ^  f o r  a b o u t  5  h o u r s  b e f o r e  t h e  

t r e a t m e n t  b e g a n ;  i t  h a d  b e e n  i n  l i g h t  ( 1 5 0  f t .  c a n d l e )  

o v e r n i g h t .  T h e  t o t a l  l e n g t h  o f  t h e  p e t i o l e  h a r v e s t e d  w a s  

3 8  c m .  a n d  2  c m .  s e g m e n t s  o f  t h e  i n t a c t  p e t i o l e  w e r e  a s s a y e d  

f o r  r a d i o a c t i v i t y  a f t e r  f r e e z e - d r y i n g ,  a n d  u s i n g  a n  e n d  

w i n d o w  c o u n t e r .  C o r r e c t i o n  w a s  m a d e  f o r  t h e  b a c k g r o u n d  

c o u n t  ( 1 3  c . p . r a . )

T h e  r e s u l t s  o f  t h i s  e x p e r i m e n t  a r e  s h o w n  i n  F i g u r e  1 0  

w h i c h  a p p e a r s  t o  s h o w  t h e  f o r m  o f  a  w a v e  a s  w a s  h o p e d .  I t  

w a s  a t  f i r s t  t h o u g h t  t h a t  t h e  t h r e e  " c r e s t s "  m i g h t  r e p r e s e n t  

t h e  t h r e e  d o s e s  o f  t h e  r a d i o a c t i v e  C ^ ^ O ^ ,  t h e  f i r s t  d o s e  

c o r r e s p o n d i n g  t o  t h e  f a r  r i g h t  " c r e s t "  a n d  s o  o n .  O n  t h e  

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

s t r e a m  w o u l d  b e  a b o u t  1 2  c m / h r .  w h i c h  d o e s  n o t  s e e m  i m p o s s i b l e  

c o n s i d e r i n g  t h e  r a t h e r  l o w  t e m p e r a t u r e  o f  1 6 ^ 0  a t  w h i c h  t h e  

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

t h e  p l a n t  c o n s e q u e n t  o n  t h e  t i m e  o f  t h e  y e a r .  I t  m i g h t  a l s o  

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

2 7 9 9  p e r  m i n u t e .  H o w e v e r ,  t h i s  i n t e r p r e t a t i o n  h a d  t o  b e
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a b a n d o n ed  f o r  s e v e r a l  r e a s o n s .  D r y in g  o f  t h e  p e t i o l e  d o e s  

n o t  r e s u l t  i n  an  u n i f o r m ly  f l a t t e n e d  s e c t i o n ,  b u t  i n  on e  

w it h  t w i s t s  and c o r r u g a t io n s  o f  v a r y in g  fo rm . C o u p le d  w i t h  

t h e  lo w  e n e r g y  o f  0^^ r a d i a t i o n s  t h i s  r e s u l t s  p r o b a b ly  i n  a  

v e r y  v a r i a b l e  d e g r e e  o f  s e l f  a b s o r p t io n ,  q u i t e  en o u g h  t o  

s im u la t e  c r e s t s  and t r o u g h s .  The c o u n t r a t e s  r e c o r d e d  a r e  

i n  any  c a s e  lo w ; f u r t h e r  t h e  c r e s t s  and t r o u g h s  a r e  t o o  

sh a r p  t o  a p p ea r  g e n u in e  e f f e c t s  o f  t h e  t y p e  lo o k e d  f o r .

A t t h i s  s t a g e  i t  w as d e c id e d  t o  a t te m p t  t o  d e t e c t  a 

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

r a d i o a c t i v e  s o l u t i o n  o f  a b o u t 6 p , c .  F or  t h i s  t h e

p l a n t  w as rem oved  from  t h e  ta n k  and t h e  p e t i o l e  w as l a i d  

h o r i z o n t a l l y  i n  a  lo n g  g r o o v e  made i n  a p e r s p e x  p l a t f o r m .

The f r e s h  p e t i o l e  was c o u n te d  i n  s i t u  e v e r y  15  m in u te s  a t  

a f i x e d  p o i n t  a b o u t 6 i n .  away from  t h e  b a s e  o f  t h e  la m in a .

To d e c r e a s e  th e  s e l f  a b s o r p t io n  t h i s  p a r t  o f  t h e  p e t i o l e  

w as s t r i p p e d  f o r  a b o u t 2 cm. t o  e x p o s e  t h e  p h loem  t o  t h e  

c o u n te r  ( s e e  F ig u r e  1 1 a ) .  C o u n tin g  w as s t a r t e d  15  m in u te s  

a f t e r .

P h lo e in

F ig u r e  1 1 a .

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

c o u n t in g  o r d in a r y  CO  ̂ w as b e in g  s u p p l i e d  t o  t h e  la m in a  -  a t  

a lo w  c o n c e n t r a t i o n .  The o th e r  c o n d i t i o n s  o f  t h e  

e x p e r im e n t  w ere  -  te m p e r a tu r e  2U°C and  l i g h t  i n t e n s i t y  2 5 0 0



M i
f t *  c a n d l e s  from  a 100  w a t t  b u l b  f i l t e r e d  th r o u g h  a w a t e r  

s c r e e n #

The r e s u l t s  o f  t h i s  e x p e r im e n t  a r e  shown i n  F ig u r e  1 1  

w h ic h  show s a c u r v e  r i s i n g  a p p a r e n t l y  t o  a maximum and t h e n  

f l a t t e n i n g  o u t  w i t h  l i t t l e  s i g n  o f  g o i n g  down* The maximum 

c o u n t  i s  o b t a i n e d  a f t e r  a b o u t  3 h o u r s  and c l e a r l y  sh ow s n o t  

v e r y  p r e c i s e  c r e s t .  T h is  e x p e r im e n t  c o n f i r m s  t h e  d o u b t s  

a s  t o  t h e  e a r l y  i n t e r p r e t a t i o n  o f  t h e  r e s u l t  o f  t h e  F i g u r e  1 0  ~  

t h a t  t h e  c r e s t s  c o r r e s p o n d  t o  t h e  d o s e s  o f  r a d i o a c t i v e

The la m in a  c o u n t  w as a g a i n  v e r y  h i g h  -  9 0 7 5  CPM -  

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

The a t t e m p t  t o  g e t  a sh a r p  c r e s t  was c o n t i n u e d  u s i n g  

a r a t h e r  d i f f e r e n t  a p p r o a c h .  T h i s  t im e  t h e  e x p e r im e n t  was  

c a r r i e d  o u t  on a p l a n t  w h ic h  h ad  b e e n  k e p t  i n  d a r k n e s s  f o r  

26 h o u r s ,  s o  t h a t  t h e  la m in a  w ou ld  em pty i t s  c a r b o h y d r a t e  

r e s e r v e s  p r i o r  t o  t h e  commencement. I t  was h o p e d  t h u s  t o  

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

I t  w as w i t h  t h i s  v i e w  t h a t  no  o r d in a r y  COg was s u p p l i e d  t o  t h e  

la m in a  d u r in g  t h e  ru n  o f  t h e  e x p e r im e n t .  The e x p e r im e n t  w as  

c a r r i e d  o u t  e x a c t l y  l i k e  t h e  p r e v i o u s  one a t  a t e m p e r a t u r e  o f  

25^C and l i g h t  i n t e n s i t y  o f  2500  f t .  c a n d l e  w i t h  a s i n g l e  

d o s e  o f  r a d i o a c t i v e  (6  ; a c ) .  The c o u n t i n g  w a s

s t a r t e d  10 m in u t e s  a f t e r  t h e  a d d i t i o n  o f  and

c a r r i e d  o u t  e v e r y  1 5  m i n u t e s .  The r e s u l t s  o f  t h i s  e x p e r im e n t  

a r e  shown i n  F ig u r e  1 2 .  The c u r v e  h e r e  h a s  an  a p p e a r a n c e  

s i m i l a r  t o  t h a t  i n  F ig u r e  1 1 #  The " c r e s t "  o c c u r s  a f t e r  

a b o u t  3 i  h o u r s  and t h e n  f l a t t e n s  o u t .  The la m in a  shov/ed a
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h i g h  c o u n t  o f  7692  p e r  m in u te  a t  t h e  c o n c l u s i o n .

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

ap p roa ch  to w a r d s  d e t e r m in in g  t h e  v e l o c i t y  o f  t h e  t r a n s l o c a t e  

s tr e a m  was t r i e d *  T h is  e s s e n t i a l l y  c o n s i s t e d  o f  c o u n t i n g  

t h e  p e t i o l e  i n  s i t u  a s  i n  t h e  p r e v i o u s  e x p e r im e n t  a t  tw o  

d i f f e r e n t  p l a c e s  a b o u t  8 cm a p a r t  a f t e r  s h a v in g  o f f  t h e  

" c o r t e x "  f o r  1 cm* on t h e  u p p e r  s i d e  f a c i n g  t h e  c o u n t e r *

The c o u n t i n g  was s t a r t e d  im m e d ia t e ly  a f t e r  t h e  a d d i t i o n  o f  

r a d i o a c t i v e  o f  a b o u t  6 p . c  t o  t h e  CO  ̂ g e n e r a t i n g

cham ber and r e p e a t e d  e v e r y  15 m in u te s*  The two p o i n t s  a t  

w h ic h  t h e  p e t i o l e  was a s s a y e d  f o r  r a d i o a c t i v i t y  w ere  19 and  

27 cm away from  t h e  la m in a  b a se *  The e x p e r im e n t  w as c a r r i e d  

o u t  a t  a t e m p e r a tu r e  o f  23^C and l i g h t  i n t e n s i t y  o f  1600  f t *  

c a n d l e s .  The r e s u l t s  a r e  shown i n  F ig u r e  13« Though t h e  

c o u n t s  a r e  lo w  t h e  c u r v e s  r e s e m b le  i n  form  t h e  f i r s t  p a r t  o f  

t h o s e  shown i n  F i^ ju res  11 and 12* The la m in a  a s  u s u a l  h a d  a  

h i g h  c o u n t  o f  8930  p e r  m in u te  a t  th e  c o n c l u s i o n .

T h is  e x p l o r a t o r y  r e s u l t  c a n  b e  u s e d  i n  an  a p p r o x im a te  

way t o  c a l c u l a t e  t h e  v e l o c i t y *  The h o r i z o n t a l  d i s t a n c e  

b e t w e e n  t h e  c u r v e s  r e p r e s e n t s  a b o u t  1 .2  h r s .  and t h i s  may b e  

r e l a t e d  t o  t h e  d i s t a n c e  b e tw e e n  t h e  s t a t i o n s  (8  cm) t o  g i v e  

a v e l o c i t y  o f  8 / 1 * 2  = 7 c m /h r .  T h is  m ethod  o f  c a l c u l a t i o n ,  

i n  t h e  l i g h t  o f  m a t h e m a t ic a l  a n a l y s i s  ( s e e  H o r w it z ,  1 9 5 8 )  i s ,  

h o w e v e r ,  op en  t o  s e r i o u s  o b j e c t i o n *
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a  o 4
DISCUSSION

A lthough th e  p h y s io lo g ic a l  work r e p o r te d  h e re  f a i l e d  in  

th e  tim e a v a i la b le  to  ach iev e  what was hoped i t  h a s  p roduced  

one o r two in t e r e s t i n g  r e s u l t s .  I t  was though t a t  th e  

b eg in n in g  th a t  i f  a sudden dose o f  r a d io a c t iv e  ca rbon  d io x id e  

was g iven  under c o n d it io n s  in  which i t  was very  r a p id ly  

a s s im i la te d ,  then  a wave o f  a c t i v i t y  w ith  a re a so n a b ly  w e l l -  

marked c r e s t  m ight be exp ec ted  to  t r a v e l  down th e  p e t i o l e ;  

and th a t  t h i s  phenomenon cou ld  be u sed  to  m easure th e  v e lo c i ty .  

In  th e  event i t  p roved  th a t  th e  p a t t e r n  o f movement from th e
» I

l e a f  was f a r  d i f f e r e n t .  The " c r e s t"  i s  drawn out to  such an

e x te n t  t h a t  in  th e  le n g th  o f p e t io l e  a v a i l a b l e ,  abou t l+O cm o r

so , no p r e c is e  m easurem ents on tlie l i n e s  in te n d e d  a re  p o s s ib l e .

I t  proved p r a c t ic a b le  to  m easure th e  a c t i v i t y  in  th e  l i v in g

p e t io l e  a t  a f ix e d  p o in t  d u rin g  th e  p ro c e s s  o f t r a n s lo c a t io n ;
I I I  'though th e  p e n e tr a t in g  power o f th e  B p a r t i c l e s  from 0 ^  i s  

such th a t  i t  was th e  s u r fa c e  l a y e r s ,  r a th e r  th a n  th e  phloem , 

which was assayed  (se e  F o o tn o te ) .

-1 •

Fo o tn o te : -  The maximum range o f  B eta p a r t i c l e s  from C ^
* '  2hav in g  an energy o f 0 .155 MeV i s  abou t 28 mg/cm . The mass

'y » ■

o f  th e  "co rtex "  o u ts id e  th e  aerenchym a o f th e  p e t i o l e  i s  

p e rh ap s  30 mg/cm . I f  th e  mass o f th e  mica window o f  th e
- ' ' ' V.. V. o

co u n te r  (g iv en  by th e  makers a s  1 .5  -  2 .5  mg/cm*^) i s  added to
or ^

t h i s  th e  t o t a l  mass becomes 32 mg/cm . Thus B eta p a r t i c l e s  

from th e  in n e r  c y l in d e r  would n o t be  ex p ec ted  to  r e g i s t e r  in
i!

th e  c o u n te r . By sh av in g  o f f  th e  o u te r  " c o r te x " ,  o n ly  th e



But when t h i s  was done i t  appeared  th a t  th e  a c t i v i t y  ro s e  o n ly  

v ery  slow ly  and in  th e  le n g th  o f tim e a llow ed  (up to  6 h o u rs )  

showed no s ig n  o f f a l l i n g ,  in  s p i t e  o f  th e  f a c t  t h a t  a c tu a l  

a s s im i la t io n  o f th e  r a d io a c t iv e  carbon  to o k  on ly  abou t te n  

m inutes* Thus b o th  in  tim e and space th e  changes a r e  to o  

g rad u a l to  a llow  th e  method to  succeed  w itii th e  p r e s e n t  p lan*

There a re  two p o s s ib le  cau ses  f o r  t h i s .  In  th e  f i r s t  

p la c e  th e  m athem atical a n a ly s is  o f  H orw itz (1956) su g g e s ts  

th a t  th e  phloem co n d u its  a re  " le a k y " , and a llo w  t r a c e r  to  

move out sidew ays f a i r l y  r a p id ly  in to  th e  parenchym a t i s s u e .  

S ince t h i s  i s  so much more b u lk y  th a n  th e  phloem t h i s  w i l l  

have th e  e f f e c t  o f re d u c in g  th e  sh a rp n ess  o f th e  wheel e f f e c t ;  

and t h i s  w i l l  be a l l t h e  more so i f  i t  i s  th e  o u te r  l a y e r s  o f  

th e  p e t io le  which c o n tr ib u te  most to  th e  coun t r a t e .

In  th e  second p la c e  i t  i s  known from th e  r e s u l t s  o f  

s e v e ra l  w orkers (se e  f o r  in s ta n c e  Vernon and A ro n o ff (1952) 

and P o r te r ,  M artin  and B ird  (1959) t h a t  when r a d io a c t iv e  CO  ̂

i s  a s s im ila te d  some o f i t  i s  in c o rp o ra te d  f a i r l y  r a p id ly  in to

in n e r  "co rtex "  i s  l e f t  over th e  phloem w ith  a th ic k n e s s  o f
2

about 18 mg/cm • With th e  m ica window th e  th ic k n e s s  above 

th e  phloem i s  th e n  20 mg/cin^, g iv in g  a t ra n s m is s io n  f o r  

o f  a few p e rc e n t o n ly . This i s  n a tu r a l l y  low , though  in  f a c t  

l a t e r a l  e q u i l ib r a t io n  o f r a d io a c t iv e  su g a rs  in to  th e  

parenchyma seems to  ta k e  p la c e  r a th e r  q u ic k ly , and t h i s  o f 

co u rse  b r in g s  th e  so u rce  o f  r a d i o - a c t i v i t y  n e a re r  th e  

s u r f a c e ,  though i t  co m p lica te s  th e  problem  o f a n a ly s i s .



l a r g e  m o l e c u l e s ,  s u c h  a s  s t a r c h  and  o t h e r  p o l y s a c c h a r i d e s ;  

and t h a t  i t  may o n l y  s l o w l y  h e  r e l e a s e d  from  t h e s e ,  i f  a t  a l l *  

P a r t i c u l a r l y  s t r i k i n g  a r e  some v e r y  r e c e n t  r e s u l t s  o f  J o n e s  

M a rtin  and P o r t e r  ( 1 9 5 9 )  who r e p o r t e d  t h a t  when was

a s s i m i l a t e d  b y  a m atu re  t o b a c c o  l e a f  a b o u t  3 0 % o f  t h e  a c t i v i t y  

r e m a in e d  p e r m a n e n t ly  i n  t h e  l e a f ,  e v e n  when i t  h a d  y e l l o w e d *

Of th e  rem ain ing  70%, about 50% was l o s t  d u rin g  th e  f i r s t  s ix  

h o u rs  and 20% over a p e r io d  o f  abou t U days* th e n  a l e a f  had  

a s s im ila te d  C^^O^ f o r  two h o u rs  and th en  sp e n t a f u r t h e r  two 

h o u rs  in  o rd in a ry  a i r  and l i g h t  th e  a c t i v i t y  i n  th e  e th a n o l-  

in s o lu b le  f r a c t io n  c o n s id e ra b ly  exceeded (UO : 28) t h a t  in  th e  

so lub le*  Thus i t  i s  ev id e n t t h a t  newly formed su c ro se  does 

n o t r a p id ly  make i t s  e x i t  e n t i r e  from th e  l e a f ;  i t  undergoes 

r a p id  d i lu t io n  v /ith  su c ro se  su b se q u e n tly  form ed from 

a s s im i la t io n  o r from s ta rc h  r e s e r v e s ,  and becomes c o n c u r re n t ly  

in  p a r t  invo lved  in  s ta r c h  fo rm a tio n  i t s e l f *  The system  may 

in  f a c t ,  be t e n t a t i v e l y  l ik e n e d  to  a b u ck e t c o n ta in in g  

con tam inated  w a te r which i s  b e in g  washed out by an e n te r in g  

stream  which i s  m ixing a l l  th e  tim e w ith  th e  c o n te n ts .  The 

p ro c e ss  i s  a le n g th y  one*

I f  th e  p re s e n t  method i s  to  be  u sed  to  m easure d i r e c t l y  

th e  v e lo c i ty  o f t r a n s p o r t ,  and so th e  Q^g, i t  would be

n e c e ssa ry  f i r s t  to  d is c o v e r  under what c o n d it io n s  th e  r a d io -
1

a c t iv e  a s s im ila te  can be made to  le a v e  th e  l e a f  m ost r a p id ly .  

So f a r  as  th e  work r e p o r te d  h e re  i s  concerned  n e i th e r  th e  

p re sen ce  of s ta rc h  in  th e  l e a f  b e fo re h a n d , n o r i t s  ahsence



2 c J

seem s t o  make much d i f f e r e n c e *  A p o s s i b l e  a l t e r n a t i v e  

a p p ro a c h  t o  t h e  p r o b le m  i s  i n d i c a t e d  i n  t h e  l a s t  e x p e r im e n t  

r e p o r t e d ,  i n  w h ich  t h e  l i v i n g  p e t i o l e  w as a s s a y e d  p e r i o d i c a l l y  

a t  two s t a t i o n s ;  b u t  t h e  t h e o r y  o f  t h i s  m eth od  n e e d s  t o  b e  

more f u l l y  w orked  o u t  f i r s t .  I t  i s  p o s s i b l e  a l s o  t h a t  t r a c e s  

o t h e r  th a n  m ig h t  b e  e m p lo y e d ,  and i f  t h e s e  w e re  o f  t h e  

k in d  n o t  s u b j e c t  t o  m e t a b o l i s m  ( l i k e  t h i s  m ig h t

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