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ra© D e ve lo p m e n t and D i s t r i b u t i o n  o f  C h io r o p ir jy i i  i n  R o o ts

of  g lo w e r in g  R ia n t  a g ro w n  i n  th e  L ig h t ,

1 . I n t r o d u c t i o n .

The e f f e c t  o f  l i g h t  on  r o o t s  has Dean s tu d ie d

c h i e f l y  i n  r e l a t i o n  t o  g ro w th  -  c o m p a r is o n s  h a ve  been made

b e tw een  th e  r a t e  o f  g ro w th  i n  l i g h t ,  i n  d a rh n e a s  and i n  sudden

changes fro ra  one t o  th e  o t h e r .  L e i t c h  i n  h e r  e x p e r im e n ts  on

th e  in f lu e n c e  o f  te m p e ra tu re  on th e  r a t e  o f  g r o w th  i n  P is u m ,

c a r r ie d  o u t as  a  c o n t r o l  some e x p e r im e n ts  on th e  in f lu e n c e  o f

l i g h t  and came t o  th e  c o n c lu s io n  t h a t ,  a t  le a s t  i n  th e  case o f

t h e  e x p e r im e n ts  she was p e r fo r m in g ,  l i g h t  e x e r t s  no in f lu e n c e  on t h e
( 1 )

r a t e  o f  g r o w th .

O th e r  o b s e rv e rs  h a ve  s tu d ie d  th e  h e l i o t r o p i c  re s p o n s e  

o f  r o o t s .  On th e  s u b je c t  o f  th e  d e v e lo p m e n t and d i s t r i b u t i o n  o f  

C h lo r o p h y l l ,  h o w e v e r , fe w  re fe r e n c e s  c o u ld  be fo u n d .  D r ,  A ro e r  

m ent io n s  th e  o c c u r re n c e  o f  C h lo r o p h y l l  i n  th e  r o o ts  o f  w a te r  p la n t s  

g ro w n  u n d e r  n a t u r a l  c o n d i t io n s .  « A q u a t ic  r o o t s " ,  she s t a t e s ,  “ o f t e n  

e x e r c is e  a n o th e r  f u n c t i o n ,  w h ic h  i s  m ore re m o te  f ro m  th o s e  g e n e r a l ly  

assum ed i n  th e  case  o f  t  a r r e s t  i a l  p la n t s  -  n a m e ly , t h a t  o f
( 2 )

a s s im i l a t i o n ;  t h e i r  c o lo u r  i s  som e tim es  q u i t e  c o n s p ic u o u s ly  g r e e n * .

Noaok i n  h is  w o rk  on th e  r e l a t i o n  b e tw e e n  p ia s t id s  and c h o n d r io s o m e s

used  E lo d e a  b e c a u s e -« D ie  h a u f ig  a u f t r e te n d e n  g rü n e n  A d v e n t iv w u r z e ln

e rw ie s e n  s io h  a Is  g a n z  v a r z u g l ic h  g e e ig n e t  z u r  L e b e n d u n te rs u e h u n g
( 3 )

d e r  P la s t id e n  im  V e g e ta t io n s p u n k t . « The p re s e n t  a c c o u n t d e a ls

w i t h  th e  d e v e lo p m e n t and d i s t r i b u t i o n  o f  c h lo r o p h y l l  i n  r o o t s ,  

u n d e r  v a r io u s  e x p e r im e n ta l  c o n d i t io n s .

( 1 )
L e i t c h  i .  A .B . « Some e x p e r im e n ts  on th e  in f lu e n c e s  o f  

T e m p e ra tu re  on th e  R a te  o f  G row th  i n  P isum  s a t iv u m .  « A 3 . 11i6.

( 2 )
A rb e r  A . “ W a te r P la n ts "  p . 2 0 ? .

( 3 )
Noack K .L .  “ U n te rs u o h u n g e n  u b e r  d ie  I n d i v i d u a l i t a t  d e r  p la s t id e n  

b e i.  P haner ogam en. “ Z e i t .  f . B o t , 1 9 2 1 .
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I I .  E x p é r im e n ta l M ethod# and R é s u lta .

A . D i s t r i b u t i o n  of  C h lo r o p h y l l  i n  i l lu m in â t  ed r o o t  a o f  
d i f f e re n t s p e o ie a . ^ ~

S e e d lin g s  o f  s ix te e n  d i f f e r e n t  s p e c ie s  w ere  used i n  

t h i s  e x p e r im e n t . The seeds w ere  g e rm in a te d  and th e  s e e d lin g s  

a llo w e d  t o  g ro w  in  d a rk n e s s  f o r  a b o u t tw o  days (e x c e p t  f o r  a few  

o f  th e  s p e c ie s  w h ic h  w e re  " e a r th - g r o w n " ) and th a n  p la n te d  ou t w i t h  

t h e i r  r o o ts  p a s s in g  th r o u g h  h o le s  i n  a  sh e e t o f  c o r k ,  t h e  c o r k  b e in g  

s u p p o r te d  by f o u r  t h i n  g la s s  ro d s  on th e  r im  o f  a o e a k e r , w h ic h  was 

f i l l e d  w i t h  w a te r .

The b e a k e rs  c o n ta in in g  th e  v a r io u s  s e e d lin g s  w ere  th e n  

a r ra n g e d  a ro u n d  a  200 c . p ,  lam p , i n  a deep w h i te  s in k .  ' The 

e l e c t r i c  b u lo  was suspended i n  a la r g e  g la s s  j a r ,  w h ic h  was w e ig h te d  

down w i t h  le a d ,  and th e  s in k  was f i l l e d  w i t h  w a te r  u n t i l  th e  w a te r  

was a lm o s t on a le v e l  w i t h  th e  r im s  o f  th e  b e a k e rs . T h is  

a rra n g e m e n t w e rve d  b o th  t o  p re v e n t th e  te m p e ra tu re  fro m  becom ing  

to o  h ig h  and t o  re n d e r  th e  i l l u m in a t i o n  as in te n s e  and u n ifo r m  

as p o s s ib le .

The r o o ts  w e re  k e p t w e l l  a e ra te d  by means o f  a  s tre a m  

o f  w a te r  p a s s in g  in t o  each b e a ke r f ro m  th e  ta p  by way o f  a p ie c e  

o f  ru b b e r  t u b in g ,  fro m  w h ic h  t h e  w a te r  d r ip p e d  in t o  a  s m a ll  f u n n e l  

f i x e d  th ro u g h  th e  c e n t r e  o f  th e  s h e e t o f  c o r k  c a r r y in g  th e  se e d lin g s ., 

An o v e r f lo w  fro m  th e  s in k  was a r ra n g e d  t o  p re v e n t th e  w a te r  l e v e l  

becom ing to o  h ig h  and so  swamping th e  s e e d l in g s .

By such  means i t  was p o s s ib le  t o  keep th e  s e e d lin g s  

g ro w in g  i n  a  h e a l th y  c o n d i t io n  and f r e e  fro m  a lg a e  f o r  s i x  w e e ks , 

i f  r e q u i r e d .

C o n tro ls  w e re  g ro w n  i n  t h e  d a rk .

E x p e r im e n ta l R e s u lts

A f t e r  a b o u t a f o r t n i g h t ’ s g ro w th  i n  th e  l i g h t , t r a n s v e r s e  

s e c t io n s  w ere  made o f  th e  r o o ts  o f  a l l  t h e  s p e c ie s  and 1)  o u t o f  

th e  16 s p e c ie s  w e re  fo u n d  t o  have d e v e lo p e d  c h lo r o p h y l l .  The 

d i s t r i b u t i o n  o f  th e  c h lo r o p h y l l  i n  th e  r o o t s ,  as g iv e n  b e lo w , 

was c o n s ta n t f o r  any g iv e n  s p e c ie s .

__________________________



( b )

M )

I  h  on l y , -  n o n e I n  c or t ex .

V ic ia  Raba L .  )

Rumex s p .
) I n  v a r io u s  pa renoh ym a toua  c e i l s  th ro u g h o u t  
) She s t e le .

A c e r p s e u d o p la t in u s  L , I n . 2 row s o f  c e l l s  a b o ve  th e  
p ro to x y le ra  g ro u p s .

A e s c u lu ü  H ipp o ca e ta n u n i I». I n  th e  m e d u l la r y  ra y s  and  i n
o u te r  p a re n ch ym a to u a  c e l l s  o f  
p e r ie y e  l e .

P isum  s a t iv u m  L . ( 7  v a r s )

V ic ia  a a t iv a  L .

Zea J\4ays L .

V e ry  d i s t i n c t  g re e n  zone i n  c e n tre  
o f  r o o t ,  G h lo ro p ia s ts  i n  th e  
pa re n o h ym a to u s  c e l l s  o f  a l l  
th e  s t a le  t i s s u e s .  A ls o  in  
c a l l s  o f  e n d o d e rm is  and in n e r  
c o r t e x . ( p la t e  I ,  f i g . i . ) .
The d i f f e r e n t  v a r ie t i e s  a l l  
showed th e  same d i s t r i b u t i o n  
th e  o n ly  d i f f e r e n c e  o b s e rv a b le  
b e in g  one o f  i n t e n s i t y .

C h ie f ly  i n  th e  c e l l s  o f  th e  in n e r  
and m id d le  c o r te x  o u t a ls o  i n  
th e  o u te r  p a re n ch ym a to u s  c e l l s  
o f  th e  s t e le .

I n  p i t h :  i n  c o r te x  s h a r p ly
l im i t e d  t o  one la y e r  o u ts id e  
e n d o d e rm is . ( P la te  I . f i g  3 . )

( 0 ) I n  c o r te x  but  n o t w i t h in  th e  s t o le .

T r i t  icu m  v u lg a re  V i l l .

R a n u n cu lu s  F ic a r ia  L . 
( F ib ro u s  r o o t s )

Hordeum v u lg a r©  L .

Soi l la  nufeans. Sm.

h e l ia n th u s  annuus L . 

B e i l i s  p e re n n is  L .

R anuncu lus  F ic a r ia  L . 
(T u b e ro u s  r o o t s )

R ic  in u s  communis L .

S h a rp ly  l im i t e d  t o  one la y e r  
o u ts id e  ended e rm is  ( o . f .Z e a  
Mays L , I n  T r i t ic u m  th e r e  i s  
no p i t h ,  th e  p r im a ry  x y la ra  
re a c h in g  r i g h t  t o  c e n t r e ) .
( P la t e  I I ,  F ig  4 .  )

S h a rp ly  l im i t e d  t o  one la y e r  
ou t s id e  andod e rm ia  ( c . f .  
tu b e ro u s  r o o t s  b e lo w )

L im ite d  t o  a b o u t 3 la y e r s  o u ts id e  
e n d o d e rm is .

I n  m id d le  c o r te x  o f  t h i c k  c o n t raotUm 
r o o t . ( p l a t e  I . F i g . 2 . )

T h ro u g h o u t c o r t e x .

T h ro u g h o u t c o r t  e x .
( P la t e  I I ,  F ig  3 . )
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Fagopyrum  s a o u le n t  urn Ho ©no h

A l l iu m  C e p a .L .
fC o n d i t io n s  o f  e x p e r im e n t 

u n fa v o u ra b le  t o  g ro w th  
o f  t h i a  8p@ ci@8 )

L o n g i t u d in a l  s e c t io n s  showed t h a t  i n  a l l  s p e c ie s  

e xce p t T r i t i c u m  and Hordeum , th e  c h lo r o p h y l l  was d e v e lo p e d  

th ro u g h o u t  th e  m a in  r o o ts  t o  w i t h i n  1 -2  cm. o f  th e  a p e x , th e  

g re e n ^ s a  d e c re a s in g  i n  i n t e n s i t y  fro m  th e  Pace t o  th e  a p e x . I n  

T r i t io u m  and iio rd e u m , h o w e v e r, th e  c h lo r o p h y l l  was d e v e lo p e d  

o n ly  i n  th e  f i r s t  1 . ^ - 2  cm o f  th e  base o f  some o f  th e  r o o t s  and 

n o t a t  a l l  i n  o th e r s .

Ho c h lo r o p h y l l  was d e v e lo p e d  i n  th e  c o n t r o ls  g ro w n  

i n  th e  d a rk .

4s- E f f e c t  o f  v a r io u s  c o n d i t io n s  on th e  deve lopm en t o f  c h lo r o p h y l l  

i n  t  he r o o ts  o f  P isum  s a t iv u m .

1 . R oo ts  i l l u m in a t e d ,  s h o o ts  i n  d a rk n e s s .

I t  was th o u g h t  p o s s ib le  t h a t  th e  d e ve lo p m e n t o f  

c h lo r o p h y l l  i n  th e  r o o t s  m ig h t oa c o n d it io n e d  by th e  fo r m a t io n  o f  

s u b s ta n c e s  d u r in g  a a s im i la b io n ,  t h e r e f o r e ,  w i t h  t h i s  i n  m in d , th e  

g e n e r a l m ethod d e s c r ib e d  above ( A . I . )  was em ployed bu t w i t h  th e  

s h o o ts  i n  t h e  d a r k ,  a s m a ll  l i g h t - p r o o f  shade b e in g  p la c e d  on th e  

c o rk  s h e e t .

The s e e d lin g s  so g ro w n  showed o n ly  a v e ry  a l i g h t  

deve lop m e n t o f  c h lo r o p i i y l l  compi-ired w i t h  th o s e  g row n  f o r  th e  same 

le n g th  o f  t im e  w i t h  b o th  s h o o ts  and r o o ts  i n  th e  l i g h t .

2 .  S hoo ts  i l lu m in a t e d ,  r o o ts  i n  d a rk n e s s .

I n  o rd e r  t h a t  th e  r o o ts  s h o u ld  be i n  d a rk n e s s , th e  b e a ke r 

was p la c e d  in s id e  a  b la c k e n e d  t i n ,  w h i le  th e  s h o o ts  w ere  exposed 

t o  t h e  l i g h t  o f  th e  200 c . p .  lam p .

No c h lo r o p h y l l  was d e v e lo p e d  i n  th o s e  r o o ts  e xce p t 

ju s t  a t  th e  base , c o m p le te  e x c lu s io n  o f  l i g h t  fro m  w h ic h  was 

d i f f i c u l t .
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o th e r  s e e d lin g s  w e re  g row n  f o r  a f o r t n i g h t  i n  th e  d a rk  

and th e n  t r a n s f e r r e d  t o  th e  l i t ^ h t , D o th  r o o t  and a h o o t b e in g  

i l lu m in a t e d ,

Theae s e e d lin g s  even a f t e r  a m o n th ’ s i l l u m in a t i o n  

showed a o a re e ly  any  d e ve lo p m e n t o f  c h lo r o p h y l l  i n  t h e i r  r o o t s ,  

a l th o u g h  th e  le a v e s  became g re e n  and. th e  s tem  f a i n t l y  s o .

T h is  e x p e r im e n t th e n ,  l i k e  E x p e r im e n t B l.a b o v e , s u g g e s ts  

t h a t  th e  fo r m a t io n  o f  o h lo r u p 'h y l l  i n  th e  r o o ts  i s  fa v o u re d  by 

c o n d i t io n s  a d va n ta g e o u s  t o  a s s im i la t io n  i n  th e  s h o o t .

4 .  R em ova l o f  C o ty le d o n s  and  E p I c o t v l

The c o ty le d o n s  and e p ic o t y l  w ere  rem oved f ro m  some o f  th e  

v ig o ro u s  s e e d lin g s  g ro w in g  i n  th e  l i g h t .

The e f f e c t  o f  t h i s  o p e r a t io n  was t h a t  th e  m a in  r o o t s  

o f  th e  St; s e e d lin g s  ceased t o  g row  and became, a f t e r  a few  d a y s , 

g re e n  to  t h e i r  t i p s .  L a te r ,  new l a t e r a l  r o o t l e t s  w e re  fo rm ed  

i n  w h ic h  c h lo r o p h y l l  d id  n o t e x te n d  t o  t h e  t i p .

I n  t h i s  c a s e , th e  p r o d u c t ip n  o f  c h lo r o p h y l l  i n  th e  

r o o t  t i p  was p ro b a b ly  due t o  th e  m a tu r in g  o f  th e  ro o t  t i p  t i s s u e ,

C. Qff>G;ft o f  c u l t u r e  s o l u t i o ns on th_e. A@v.elopment_ o f.

cJh lo r o P h v l l  i n  r o o t s .

1. M ethod E m p loyed .

The same g e n e ra l m ethod as d e s c r ib e d  above was em p lo ye d , 

b u t th e  r o o ts  o f  th e  s e e d lin g s  w e re  p la c e d  in  : -

( i )  . 2^  cane s u g a r s o lu t io n .

( i l )  . 2^  p o ta s s iu m  n ib r a t e  s o lu t i o n .

C o n tro ls  w e re  g ro w n  in  t a p  w a te r .

I n  t h i s  case  no means o f  a e r a t io n  o f  th e  r  o o ta  was

d e v is e d  b u t t h e  s o lu t io n s  w are  changed d a i l y .  The s p e c ie s

u se d  i n  t h i s  e x p e r im e n t w ere  P isum  s a t iv u m  L , T r i t io u m  

v u lg a r©  V i lX .  Ilo rdeura  v u lg a r©  L . Zaa Mays L .  V io la  Faba L .
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A f t e r  some w eeK s'g row th  i n  th e s e  tw o  s o lu t io n s  th e  r o o t s  o f  

t h e  s e e d lin g s  a l l  showed a s im i la r  d i s t r i b u t i o n  o f  c h lo r o p h y l l  

t o  th o s e  g ro w n  in  ta p  w a te r ,

D . Hoo t s g row n  i n  damp- a i r .

I t  was th o u g h t p o s s ib le  t h a t  th e  de ve lo p m e n t o f  

c h lo r o p h y l l  i n  i l l u m i n â t @d r o o ts  m ig h t be dependen t o :^ h e  

d e g re e  o f  a e r  a t  io n ,  w M c h  m ust a lw a ys  be r e l a t i v e l y  p o o r i n  r o o t s  

g rov fin ^ î im m ersed i n  a  s o lu t io n .  Some s e e d lin g s  o f  p isu m  s a t iv u m  

L . w ere  t h e r e fo r e  g ro w n  i n  specim en-, tu b e s  w i t h  a  t h in  s t r i p  o f  

damp f i l t e r  p a p e r d ip p in g  i n t o  w a te r  down one a id e  o f  th e  tu b s .

A f t e r  a p e r io d  o f  i l l u m in a t i o n  th e  d i s t r i b u t i o n  o f  

c h lo r o p h y l l  I n  th e  r o o ts  was in v e s t ig a te d  and fo u n d  t o  be th e  same 

as i n  th o s e  g ro w n  e n t i r e l y  im m ersed i n  w a te r ,  so t h a t  th e  p o o r 

a e r a t io n  o f  r o o ts  g ro w in g  i n  s o lu t i o n  d id  n o t a p p e a r t o  be a 

r e le v a n t  f a c t o r .

E . E xam ina t io n  &f  m^t e r i a , l  f i x e d  f o r  p l ^ s t i d a  & o h o n d rlo a o ra e s .

I n  th e  co u rse  o f  th e  w o rk  t h e  p o s s i b i l i t y  s u g g e s te d  

i t s e l f  t h a t  th e  c u l t u r e s  m ig h t p r o v id e  m a t e r ia l  w h ic h  w o u ld  

th ro w  some l i g h t  on th e  vexed  q u e s t io n  o f  th e  r e l a t i o n  oe tw een  

p ia s t id s  and  c h o n d r io s o m e s . I t  has been s u g g e s te d  oy some w o rk e rs  

e .g .  G u i l le ra o n d  ( i )  t h a t  p ia s t id s  have  t h e i r  o r i g i n  i n  th e  

c h o n d rio so m e s  w h ic h  n o rm a lly  seem t o  o c c u r i n  e m b ryo n ic  c e l l s  

i . e .  t h a t  th e  ch o n d rio so m e s  o f  m a tu re  c e l l s  a re  p o t e n t ia l  p ia s t id s  

w h ic h  have  n o t d e v e lo p e d . By o th e rs  e .g .  M o t t ie r  ( i i ) i t  i s  h e ld  

t h a t  i n  e m b ryo n ic  c e l l s  t h e r e  a re  tw o  d i s t i n c t  c la s s e s  o f  b o d ie s  

p la a t id  I n i t i a l s  ( p r im o r d ia )  w h ic h  d e v e lo p  I n t o  th e  p ia s t id s  o f  

th e  m a tu re  c e l l  and ch o n d rio so m e s  w h ic h  do n o t g iv e  r i s e  t o  

p ia s t id s  b u t w h ic h  m a in ta in  t h e i r  c h a r a c t e r i s t i c s  i n  t h e  m a tu re  

c e l l s ,  t h e  f u n c t io n  o f  w h ic h  i s  s t i l l  a m a t te r  o f  c o n je c tu r e .  I t  

was th o u g h t  p o s s ib le  t h a t  as th e  t is s u e s  o f  th e  r o o ts  became 

g re e n  on e xp o su re  t o  l i g h t ,  some e v id e n c e  o f  th e  t r a n s i t i o n  fro m  

c h o n d rio so p w s  t o  p ia s t id s  m L d it be o b ta in e d ._____________

( i )  O i i l le r m o n d  A . «Sur l ' o r i g i n e  M ito c h o n d r ia le  des p ia s t id s "
A n n ,S c i.H a b .1 0  s e r  T m . l.  1919

( i i )  M o t t ie r  D.M. «C hondrioaornes ^ d  th e  p r im o r d ia  o f
chloroplasts & leucoplasta« A.B.1919
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A d e t a i le d  s tu d y  o f  th e  d i s t r i b u t i o n  o f  p ia s t id s  and 

ch o n d rio so m e s  was t h e r e fo r e  made i n  p isu m  r o o t s ,  b o th  o f  th o s e  

g row n  in  th e  l i g h t  and i n  th e  d a r k .  The f i x a t i v e s  used w e re

( 1 ) 20 v o l .  o f  10^  s o lu t io n  o f  o r d in a r y  c o m m e rc ia l f o r m a l in  

t o g e th e r  w i t h  8o v o l  o f  3^ s o lu t io n  o f  P o ta s s iu m  b ic h ro m a te  as  

recommended by N .H . Cowdry f o r  f i x i n g  c h o n d r io s o m e a . f i )

( 2 )  Weak C h ro m o -a c e tic  a c id  s o lu t io n .

The fo rm e r  o f  th e s e  s h o u id  p re s e rv e  th e  p ia s t id s  

and c h o n d rio a o m e a , th e  l a t t e r ,  th e  p ia s t id s  o n ly .  T h e ” s ta in s  

used w a re :

( 1 )  I r o n  A lum  h a e m a to x y lin

( 2 )  A c id  F u c h s in  and P i c r i c  a c id .

A s tu d y  o f  th e  f i x e d  and s ta in e d  m a t e r ia l  soon showed 

t h a t  th e  hope t h a t  th e  m a t e r ia l  w o u ld  bo s p e c ia l l y  fa v o u r a b le  f o r  

o b s e rv in g  t r a n s i t i o n  s ta g e s  be tw een  ch o n d rio so m e s  and p ia s t id s  

w o u ld  n o t be f u l f i l l e d ,  f o r  w e l l  d e v e lo p e d  p ia s t id s  w ere  p re s e n t  

i n  a l l  c e l l s  o f  th e  c o r te x  as w e l l  as  th e  g re e n  zone ( P la t e  1 .

F ig  1 . ) .  I f  a n y th in g ,  t h e  c o lo u r le s s  p la s t  Id a  i n  th e  c o r te x  

( P la t e  I I ,  F i g . 7 ) w ere la r g e r  th a n  th o s e  o f  th e  g re e n  z o n e . ( P la te  I I  

F ig . 6 ) .  I n  s h o r t ,  th e  i l l u m in a t i o n  o f  th e  r o o te  caused  th e  d e v e lo p 

ment o f  c h lo r o p h y l l  b u t a p p a re n t ly  d id  n o t a f f e c t  th e  d i s t r i b u t i o n  

o f  t h e  p ia s t i d s .  I n  th e  c o n t r o ls  g ro w n  i n  th e  d a r k ,  a  s im i la r  

d i s t r i b u t i o n  o f  p ia s t id s  was fo u n d . I n  t h i s  c a s e , h o w e ve r, 

a l l  th e  p ia s t id s  a p p e a re d  t o  be s m a lle r  ( P la t e  I I ,  f ig a .S e  9 . )

I n  t h e  m a t e r ia l  f i x e d  w i t h  b ic h r o m a te - fo r m a l in  m ix tu r e ,  

C hondriosom es w ere  o b s e rv a b le  i n  th e  fo rm  o f  s m a ll g r a n u la r  o r 

ro d -s h a p e d  b o d ie s  o c c u r r in g  to g e th e r  i n  t h e  same c e l l  ( P la t e  I I I .

F ig  10 . ) much as d e s c r ib e d  and f ig u r e d  by Hoack ( i i ) .

C hondriosom es a p p e a re d  t o  be p re s e n t t o g e th e r  w i t h  p ia s t id s  i n  a l l  

th e  p a re n ch y ia a to u s  c e l l s  o f  th e  m a tu re  r o o t  t i s s u e  ( P la te  I I .

F ig s . 6 . 7 . 8 . 9 . .  P la te  I I I ,  f i g  1 0 ) .  I n  a num ber o f  c e l l s  th e  

ch o n d rio so m e s  seemed e s p e c ia l ly  num erous in  th e  n  e ig h b o u rh o o d  01

( i )  N .H . Cowdry "A co m p a ris o n  o f  M ito c h o n d r ia  i n  P la n ts  and A n im a l
c e l l s .  B i o l .  B u l l .  V o l .  3 ) .

( i i )  Noack K .L .  "U n to rs u c h u n g e n  u b e r  d ie  I n d i v i d u a l i t a t  d e r
P la s t id e n  b e i P hanerogam en". Z e i t ,  f .  B o t .  1921
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th e  n u c le u s  as slqotai in  th e  m ic r o - p h o to g r a p h . ( P la ta  I I I ,  f i g  10) 

G u ille rm o n d  n o t ic e d  a m ig r a t io n  o f  th e  chond rioa om ea  t o  and fro m  

th e  nuo leuQ  i n  l i v i n g  m a t e r ia l .  ( 1 )

I n  th a  e m b ryo n ic  t io a u a a  o f  th e  ro o t  th e r e  a p p e a re d  t o  

be p re o e n t some b o d ie s  o f  in te r m e d ia te  s iz e  as w e l l  as  th e  u n d o u b te d  

p ia s t id s  and o h o n d rio o o m e s .

Ho d i s t i n c t  ch o n d rio so m e s  c o u ld  oe made o u t i n  

c o r re s p o n d in g  m a te r ia l  f ix e d  i n  w eak c h ro m o -a c e t ic  a c id  s o lu t io n  

a lth o u g h  th e  p ia s t id s  w ere  p re s e rv e d .

D is c u s s io n  o f  R e s u lts ,

Theae e x p e r im e n ts  seem t o  show th a t; m o s t, i f  n o t a l l ,

r o o ts  ha ve  th e  p o t e n t i a l  c a p a b i l i t y  o f  d e v e lo p in g  c h lo r o p h y l l .

I n  w h ic h  c e l l s  o f  th e  ro o t  th e  c h lo r o p h y l l  i s  d e v e lo p e d  seems

t o  depend on th e  s p e c ie s .  I n  t h i s  re s p e c t  th e  w o rk  o f  D .G .S c o tt  
f 2 )i s  o f  i n t e r e s t . '  ' She has re c o rd e d  th e  d i f f e r e n c e  i n  d i s t r i b u 

t i o n  o f  c h lo r o p h y l l  i n  th e  young s h o o ts  o f  woody p la n t s .  She 

exam ined 24 s p e c ie s  and fo u n d  t h a t  th e  d i s t r i b u t i o n  v a r ie d  

c o n s id e ra b ly  and t h a t  i n  th e s e  s h o o ta  c h lo r o p h y l l  was o f t e n  

d e v e lo p e d  i n  s i t u a t io n s  w here  l i g h t  c o u ld  n o t p e n e tra te  t o  any 

g re a t  e x te n t  e .g .  i n  th e  m e d u lla ry  ra y s  and i n  th e  p i t h .  Two 

o f  th e  s p e c ie s  exam ined  oy h e r  w e re  used i n  t h i s  e x p e r im e n t -  

n a m e ly , Ae a c u iu s  iiip p o c a s ta n u n i L . “ C h lo r o p h y l l  d e v e lo p e d  in  

c o r t e x ,  s c a n t i l y  i n  th e  m e d u lla ry  ra y s  and i n  th e  m e d u lla ry  c e l l s  

b o rd e r in g  on th e  p ro to x y le m "  and A c e r P s e u d o p la t in u a  L .

“ C h lo r o p h y l l  d e v e lo p e d  i n  th e  c o r t e x ,  m e d u lla ry  ra y s  ( e s p e c ia l l y  

i n  th e  v e r y  b road  o n e s ) and i n  th e  m e d u lla ry  c e l l s  b o rd e r in g  on 

th e  p r o to x y le m . " The sh o o ta  o f  th e  s p e c ie s  used i n  th e  p re s e n t 

e x p e r im e n t show ed, when o u t ,  a s im i l a r  d i s t r i b u t i o n  o f  c h lo r o p h y l l  

t o  t h a t  o f  th e  r o o t s ,  e xce p t t h a t  th e r e  was i n  a l l  c a s e s , i n  

a d d i t io n ,  a  de ve lo p m e n t o f  c h lo r o p h y l l  i n  a t  le a s t  th e  o u te r  

la y e r s  o f  th e  c o r te x .

( D G u il lo rm o n d  A , ' ‘ O b s e rv a t io n s  v i t a l e s  s u r  le  ohond riom e  des 
v é g é ta u x  . . . .  PiOV. G e n .B o t. 3 1 . 1919

( 2 )  S c o t t  D .G . “ On th e  D is t r i b u t i o n  o f  C h lo r o p h y l l  i n  th e  
Young Shoot o f  Woody P la n t s " .  A .3 .  1907.



r i le  re a s o n  f o r  th e  cievelopjaenfc o f  c h lo r o p h y l l  i n  sorae 

C e l ls  and n o t  i n  o t h e r s , la  n o t a t  a l l  c le a r .  I t  c e r t a in l y  

c a n n o t be e x p la in e d  am due t o  th e  p re se n ce  o f  u n d e rs iz e d  o r  

d e lo rm e d  p ia s t id s  i n  th e  c o lo u r le s s  c e l l s ,  as  h a s  been fo u n d  t o  

be th e  ca se  w i t h  many v a r ie g a te d  p la n t s . f  ^ )  I n  p is u m , a t  any 

r a t e ,  t h e  p ia s t id s  i n  th e  o u te r  c o r te x ,  a p p e a r t o  be p a r t i c u l a r l y  

la r g e  and w e l l  fo rm e d . ( P la t e  I I ,  F ig .  7 )

ih o  f a c t  t h a t  th e  p ia s t i d s ,  w h e th e r  g re e n  o r  c o lo u r le s s , 

a re  la r g e r  i n  th e  l i g h t  g row n  p a r t s  i s  o f  i n t e r e s t . ■ T h is  may be 

due t o  th e  d i r e c t  e f f e c t  o f  l i g h t  o r  t o  b e t t e r  n u t r i t i o n  ow ing  t o  

a s s im i la t io n  o r  t o  some o th e r  i n d i r e c t  e f f e c t  o f  l i g h t .  E x p e r im e n ts  

on e t io la t e d  s h o o ts  f i t  i n  w i t h  su ch  e x p la n a t io n s  as th e s e .  That 

th e  am ount o f  n u t r i t i v e  m a t e r ia l  a v a i la b le  may in f lu e n c e  th e  

de ve lo p m e n t o f  c h lo r o p h y l l  i s  s u g g e s te d  by th e  w o rk  o f  C o u p in ^ ^^  

upon th e  d eve lop m e n t o f  c h lo r o p h y l l  i n  e t i o la t e d  s e e d l in g s .  C o u p in  

fo u n d  t h a t  when e t io la t e d  s e e d lin g s  w ere  exposed t o  d i f f u s e  l i g h t  

th e  t im e  o f  e x p o s u re  t o  l i g h t  r e q u ir e d  f o r  th e  p r o d u c t io n  o f  

c h lo r o p i i y l l  was le a s t  i n  th o s e  r e g io n s ,  e . g .  c o ty le d o n s *  i n  w h ic h  

n u t r i t i v e  m a t e r ia l  was m oat a b u n d a n t. I t  a p p e a rs  u n l i k e l y ,  

h o w e v e r, t h a t  th e  deyelopm enc o f  c h lo r o p h y l l  o n ly  i n  c e r t a in  

s h a r p ly  d e l im i te d  r e g io n s  o f  t h e  r o o t  as o c c u rs  i n  some s p e c ie s  

can be due t o  su ch  a  c a u s e . on th e  o th e r  hand i t  is  p o s s ib le  

t h a t ,  r a t h e r  th a n  l i g h t  e x e r c is in g  a p o s i t i v e  e f f e c t  e n c o u ra g in g  

th e  deve lop m e n t o f  la r g e r  p ia s t id s  and c h lo r o p i i y l l  i n  some c e l l s ,  

th e  e f f e c t  i s  a n o g a t iv o  one due t o d  a rk n e s o ,  i . e .  i n  th e  d a rk  

e uba ta nceo  may be p ro d u ce d  w h ic h  have a d e p re s s a n t e f f e c t .

Thu d e ve lo p m e n t of. c h lo r o p h y l l  i n  th e  r o o t  seams t o  be 

c lo s e ly  c o r r e la te d  w i t h  th e  deve lop m e n t o f  c h lo r o p h y l l  i n  th e  s te m , 

f o r  i n  th e  case  o f  th o s e  s e e d lin g s  whose s h o o ts  w ere  c o v e re d  up 

w h i le  t h e i r  r o o ts  w ere  e xp o se d  t o  th e  l i g h t  a f t e r  b e in g  i n  th e  

d a rk  f o r  14 d a y s , th e r e  was o n ly  a v e ry  s l i g h t  d eve lop m e n t o f  

c h lo r o p h y l l  i n  b o th  s tem  and r o o t  even  a i t  o r  a m o n th 's  su b se q u e n t 

e x p o su re  t o  th e  l i g h t ,  a l th o u g h  th e  le a v e s  d e v e lo p e d  th e  n o rm a l

m o.ufiLa__________________________________________________________________
( 1 )  R a n d o lp h  L .F .  “ C y to lo g y  o f  C h lo r o p h y l l  Types  i n  M a ize .5 .G ^19_12.
( 2 )  C o u p in  H. "S u r l a  p r o d u c t io n  de la  c h lo r o p h y l le  p a r  le a  v é g é ta u x

exposes à  une lu m iè re  d is c o n t in u e " .C o m p t .R e n d .A c a d .s o i .
P a r is  170 .1 9 2 0

-  9 -



The p re s e n c e  o f  b o th  p ia s t id s  and ch o n d rio so m e s  i n  a l l  

c a l l s  th ro u g h o u t  t h e  t i s s u e s ,  even i n  th e  r o o t  t i p s ,  i s  n o te - w o r th y .  

I t  w a s , h o w e ve r, a lm o s t im p o s s ib le ,  t o  d e c id e  w h e th e r  th e r e  w ere  

any s t r u c tu r e s  o f  in te r m e d ia te  s iz e  p re s e n t o r n o t .  I n  th e  

o ld e r  c a l l s  th e  s t r u c t u r e s  w ere  c l e a r l y  d i v i s i b l e  i n t o  th e s e  tw o  

c la s s e s ,  bu t in  th e  r o o t  t i p  t h i s  c o u ld  n o t be s a id  t o  be th e  c a s e , 

as th e r e  w ere  c e r t a i n l y  some g ra n u le s  w h ic h  m ig h t have  oeen s a id  

t o  have  been e i t h e r  la rg e  ch o n d rio so m e s  o r  e ls e  p ia s t id s  w h ic h  had 

ju s t  u n d e rg o n e  d i v i s i o n .  H ow ever, i n  t r a c in g  th e  c e l l  c o n te n ts  

fro m  th e  r o o t  t i p  t o  t h e  m a tu re  t i s s u e s ,  t h e r e  d id  n o t a p p e a r t o  be 

any s t r i k i n g  In c re a s e  i n  num ber o f  p ia s t id s  and c o r re s p o n d in g  

d e c re a se  i n  number o f  ch o n d rio so m e s  as w o u ld  be e x p e c te d  i f  

G u il le rm o n d *s  v ie w  o f  th e  o r i g i n  o f  p ia s t id s  fro m  ch o n d rio so m e s  

w e re  c o r r e c t . ^

Summary o f  R e s u l t s .

1 . I t  was fo u n d  t h a t  c h lo r o p h y l l  was d e v e lo p e d  i n  t h e  r o o ts  o f  1 ) o u t 

o f  16 s p e c ie s  g ro w n  w i t h  t h e i r  r o o ts  exposed to - th e  l i g h t  o f  a 

200 c a n d le -p o w e r e l e c t r i c  la m p . M o re o v e r, i t  was fo u n d  t h a t  th e  

d i s t r i b u t i o n  o f  c h lo r o p i i y l l  i n  th e  r o o ts  was c o n s ta n t  f o r  any 

g iv e n  s p e c ie s  bu t v a r ie d  v e r y  c o n s id e ra b ly  f ro ja  s p e c ie s  t o  s p e c ie s ;  

i n  some cases  th e  g re e n  zone was s l ia r p ly  d e l im i t e d  ( e . g .  i n  T r i t ic u m  

v u lg a r©  V i l l ) and fo rm ed  a v e ry  s t r i k i n g  fe a tu r e  i n  t r a n s v e rs e  

s e c t io n s .

2 ,  The e x p e r im e n ts  on th e  e f f e c t  o f  v a r io u s  c o n d i t io n s  on th e  

d e ve lo p m e n t o f  c h lo r o p h y l l  i n  th e  r o o ts  o f  P isum  s a t iv u m , s u g g e s te d  

t h a t  th e  fo r m a t io n  o f  c h lo r o p h y l l  i n  th e  r o o ts  waa fa v o u re d  by 

c o n d i t io n s  a d va n ta g e o u s  t o  a s s im i la t io n  i n  th e  s h o o t.

5 . The e f f e c t  o f  c u l t u r e  s o lu t io n s  on th e i d e ve lo p m e n t o f  c h lo r o p h y l l  

i n  th e  r o o ts  was a n e g a t iv e  one , th e  deve lopm en t and d i s t r i b u t i o n  

o f  th e  c h lo r o p h y l l  b e in g  s im i la r  t o  t h a t  o f  r o o ts  g ro w n  in  t a p  w a te r .

u  S e e d lin g s  g ro w n  i n  damp a i r  showed th e  same d i s t r i b u t i o n  o f

c h lo r o p h y l l  a s , th o s e  g ro w n  ip  w a te r ,  so  t h a t  th e  p o o r a e r a t io n  o f  

r o o ts  g ] 0w in g  i n  s o lu t io n  d id  n o t appea r t o  oe a r e le v a n t  f a c t o r

i n  t h e d i s t r i b u t i o n  o f  c h lo ro p h y l l . ___________ _________________________

( 1 ) G u ille rm o n d  A . «.Sur I ’ O r ig in a  m ito c h o n d r ia le  des p ia s t id s "
A nn . S o l.  N a t.  1019
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SXI n  a n  o x a m in & tio n  o f  f i x e d  m a t e r ia l ,  w e l l  d e ve lo p e d  p ia o t id s  

w e re  x’ ound t o  be p re s e n t i n  a l l  t h e  c e l l s  o f  th e  c o r t e x  as w a l l  

as i n  th e  g re e n  zone i . e .  th e  e f f e c t  o f  i l l u m i r i a t i o n  o f  th e  r o o t  

was to  cause  th e  d e ve lo p m e n t o f  c h lo r o p h y l l  i n  some c e l l s ,  and 

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

6 . Chondttiooom es a p p e a re d  t o  be p re s e n t t o g e th e r  w i t h  tshe p ia s t id s  

i n  a l l  th e  c e l l s  o f  b o th  th e  l i g h t  and d a rk  g ro w n  r o o t s .

Wy th a n k s  a re  due bo p r o f .  W. N e ila o n  Jones f o r  s u g g e s t in g  

t h i s  3 u b jo c t  t o  me and f o r  h i s  v a lu a b le  a d v ic e  and c r i t i c i s m  

t h r  oughout th e  c o u rs e  o f  t h e  e x p e r im e n ts .

I n  th e  c o u rs e  o f  w r i t i n g  t h o ’ above  a c c o u n t my a t t e n t io n  

has been c a l le d  to  a n o t i c e ,  i n  « B o ta n ic a l A b s t r a c t s " ,  o f  a p a p e r 

by A . S le b e r t   ̂ ^^ e n t i t l e d  " E r g ru n u n g a fa h ig k e it  v  on W U rze ln " 

w h ic h  m ig h t p o s s ib ly  have  Some b e a r in g  on t h i s  s u b je c t .

U n fo r t u n a te ly , up t o  th e  p r e s e n t ,  I  have been u n a o le  t o  o b ta in  a 

tt copy o f  t h i s  p a p e r .

B e d fo rd  C o lle g e .

1924

( 1 )  B ie b e r t  A . « E rg rü # u n g s f â h ig k e i t  v o n  v .U rze ln»  K ie l  192G 
B o t .  A b s . V o l .1 2 .  N o . l .  J a n . 1923* P . H 6 .
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Explanation of Piateo

( P la t e  1 ,  F ig s  -  i ,  2 ,  3 * P la te  I I .  F ig s  4 and 3 . 
C h lo r o p la s ts  shown d la g r a m a t io a 1l y  i n  b la o x )

P la te

F ig .  I .  T .S . o f  r o o t  o f  P isum  s a t lv u ra  L .  g ro w n  i n  l i g h t ,
shffiw iïig  d i s t r i b u t i o n  o f  p ia s t i d s .  Fresh, m a t e r ia l .  
C o lo u r le s s  p ia s t id s  i n  o u t l i n e .

F ig .  2 .  T.S.i o f  c o n t r a c t i l e  r o o t  o f  B o i l l a  n u ta n s  8m .g ro w n  i n
l i g h t  shovrlng  d i s t r i b u t i o n  o f  c h lo r o p la s t s .  F re s h  r m te r la l

F ig .  5 . T .S . o f  r o o t  o f  Lea M ays, g ro w n  i n  l i g h t ,  sh o w in g
d i s t r i b u t i o n  o f, c h lo r o p la s t s *  F re s h  m a t e r ia l .

P la te  I I

F ig ,  4 . T .S , o f  r o o t  o f  T r i t ic u m  v u lg a r©  V i l l ,  g ro w n  i n  l i g h t
sh o w in g  d i s t r i b u t i o n  o f  c h lo r o p la s t s .  F re s h  m a t e r ia l .

F ig ,  3 . T .S . o f  r o o t  o f  B e i l i s  p e re n n is  L g ro w n  i n  l i g h t ,
show ing  d i s t r i b u t i o n  o f  c h lo r o p la s t s .  F re s h  m a t e r ia l .

( F ig s .  6 -  9 . D raw n  w i t h  th e  cam era lu c id a  fro m  p re p a re d  e l i d e s ,  
f i x e d  fo r m a l in - p o ta s s lu m  b ic h ro m a te .  S ta in e d  w i t h  
I r o n  a lu m  h a e m a to x y l in .  )

F ig .  6,  C e l l  f ro m  "g re e n  r e g io n "  o f  r o o t  o f  - f is u m  s a t iv u m  L
g ro w n  i n  l i g h t  show ing  n u c le u s , o h lo r o p la a ta  and
c h o n d r io s o m e s .

F ig .  7 . C e l l  f ro m  o u te r  c o r te x  g f  r o o t  o f  P isum  s a t iv u m  L ,
g ro w n  i n  l i g h t  sh o w in g  n u c le u s ,  p i a s t i d s ,  aoma w i t h
s ta r c h  in c lu s io n s ,  and c h o n d r io s o m e s .

F ig ,  8 . C e l l  f ro m  r e g io n  c o r re s p o n d in g  t o  t h a t  o f  F ig  6 j,^ ,o f
r o o t  o f  p is u m  s a t iv u m  L . g ro w n  i n  d a r k  show ing  ^ p ia s t id s  
and c h o n d r io s o m e s ,

F ig .  9 . G a l l  f ro m  r e g io n  c o r re s p o n d in g  t o  t h a t  o f  F i ^ . 7 .  o f
r o o t  P isum  s a t iv u m  L . g ro w n  i n  d a r k  s h o w in g ‘“‘b l a s t  id s  
and c h o n d r io s o m e s .

P la te  I I I  ■

F ig .  1 0 . M ic ro -p h o to g ra p h  o f  c a l l  fro m  r o o t  o f  P isum  s a t iv u m  L . 
g ro w n  i n  lig h t  sh o w in g  th e  n u c le u s ,  p ia s t id s  and 
ch o n d rio so m e s  ( f i x e d  fo r m a l ln - p o ta s s iu m  b ic h ro m a te  -  
s ta in e d  i r o n  a lum  haeraat o x y i i n ) ,
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