
184 Specialia EXPERIENTIA 24/2 

T h e  R e s p o n s e  of S t o m a t a  of Et io la ted  O n i o n  L e a v e s  to  L ight  and  T r a n s p i r a t i o n  D u r i n g  the  G r e e n i n g  

VIRGIN 1,3 s h o w e d  t h a t  t h e  p resence  of ch l o r ophy l l  is a 
necessa ry  p re r equ i s i t e  for  t h e  r e sponse  of s t o m a t a  t o  
i l l umina t ion .  These  r e su l t s  h a v e  b e e n  o b t a i n e d  f rom in-  
d i r ec t  e x p e r i m e n t s  b y  t h e  m e a s u r e m e n t  of t r a n s p i r a t i o n  
r a t e  us ing  a c o r o n a - h y g r o m e t e r  t e chn ique .  S ince  t he se  
s tud ies  a re  of a n  i n d i r e c t  n a t u r e ,  t h e y  h a v e  t h e  l i m i t a t i o n s  
i n h e r e n t  in  i nd i r ec t  e x p e r i m e n t a t i o n ,  a n d  t h e y  should ,  if 
possible,  be  t e s t e d  b y  a d i r ec t  m e t h o d .  Such  a m e t h o d  
h a s  been  deve loped  b y  ZELITCH 3, w h i c h  p e r m i t s  r a p i d  
a n d  a c c u r a t e  m e a s u r e m e n t s  of s t o m a t a l  a p e r t u r e  b y  
m e a n s  of impress ion  ca s t  in  si l icone r ubbe r .  As one  a spec t  
of a s t u d y  of s t o m a t a l  m o v e m e n t  in  t h e  s t a rch - f ree  4 on ion  
leaves,  we h a v e  b e e n  i n t e r e s t e d  in  t h e  poss ible  role of 
ch lo rophy l l  s y n t h e s i s  in  e t io l a t ed  on ion  leaves  in  t h e  
r e sponse  of s t o m a t a  to  l ight .  T h e  leaves  of on ion  l ack  t h e  
m e c h a n i s m  for  t h e  c o n v e r s i o n  of suga r  to  s t a r c h ;  t he re -  
fore, in  t h i s  p l a n t ,  t h e  s t o m a t a l  m o v e m e n t  c a n n o t  b e  
cons ide red  in  t e r m s  of t h e  classical  o smot i c  ef fec t  con-  
t ro l l ed  b y  t he  revers ib le  r e a c t i o n  suga r  ~ s t a rch .  

Material and methods. Commerc i a l  on ions  (Al l ium cepa 
L.) were  p l aced  in b e a k e r s  w i t h  w a t e r  a n d  k e p t  in  da rk -  
ness in  t h e  l a b o r a t o r y  for a pe r iod  of 30 days .  Some  of t h e  
p l a n t s  were k e p t  in  l igh t  a t  t h e  l a b o r a t o r y  w i n d o w  to  
o b t a i n  t h e  green  l eaves .  T h e  course  of t h e  e x p e r i m e n t  
was  as  follows. E t i o l a t e d  a n d  g reen  leaves  t a k e n  f rom 
d a r k n e s s  were  i l l u m i n a t e d  f rom 2 sides. P l a n t s  were  
p laced  b e t w e e n  2 screens  w i t h  c o n t i n u o u s l y  c i r cu la t ing  
w a t e r  for  r e m o v i n g  I R - i r r a d i a t i o n .  T h e  l i gh t  source  was  
four  200 W a t t  p h o t o f l o o d  l amps ,  w h i c h  gives a l i gh t  

i n t e n s i t y  of 20,000 lux.  Af te r  2 h of i l l umina t ion ,  p l a n t s  
were  d a r k e n e d  for  2 h a n d  t h e n  t h e  l igh t  was  t u r n e d  on  
a g a i n  for  3 h.  F o r  t h e  d e t e r m i n a t i o n  of t r a n s p i r a t i o n ,  
b e a k e r s  w i t h  p l a n t s  were  a c c u r a t e l y  we ighed  a t  09.00 a n d  
16.00. T h e  d e t e r m i n a t i o n  of t o t a l  ch lo rophy l l  c o n t e n t  in  
leaves  was  m a d e  s p e c t r o p h o t o m e t r i c a l l y  acco rd ing  t o  t h e  
m e t h o d  of BRUINSMA 5. S t o m a t a l  a p e r t u r e s  were  m e a s u r e d  
b y  m e a n s  of si l icone r u b b e r  impress ions  as desc r ibed  b y  
ZELITCH ~. T h e  repl icas  were  t a k e n  f rom t h e  c e n t r a l  por-  
t i on  of t h e  l a m i n a  on  i t s  lower surface,  e v e r y  20 m i n  
d u r i n g  t h e  120 m i n  of l igh t  a n d  t h e  fol lowing 120 m i n  of 
d a r k  per iods .  The  con t ro l  p l a n t s  were t h e  g reen  seedl ings  
t r e a t e d  b y  t h e  s a m e  procedure .  These  o b s e r v a t i o n s  
c o n t i n u e d  for  4 days .  

Results. T h e  d a t a  p r e s e n t e d  be low are  a n  a v e r a g e  of 4 
rep l ica t ions .  F i g u r e  1 shows  t h e  r e sponse  of s t o m a t a  of 
e t io l a t ed  a n d  g reen  leaves  t o  l ight .  E a c h  c u r v e  r e p r e s e n t s  
t h e  w iden ing  of s t o m a t a l  a p e r t u r e s  as a f u n c t i o n  of t i m e  
of i l l u m i n a t i o n  a n d  closing in da rkness .  F r o m  F igure  1 i t  
is c lear  t h a t  s t o m a t a  of e t io l a t ed  leaves  do  n o t  r e s p o n d  to  
l igh t  on  t h e  f i rs t  d a y  of i l l umina t ion .  
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Fig. 1. Time course of opening of stomata in light 
and closing in darkness of etiolated onion leaves 
during the first, second, third and fourth day of 
greening. The stomata of green leaves is a control. 
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Fig. 2. Total chlorophyll content in etiolated onion leaves during the Fig. 3. Rate of transpiration either etiolated or green onion leaves. 
greening. Chlorophyll content in green leaves: 144/~g/g fresh weight. 
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On  t h e  second d a y  of i l l u m i n a t i o n  t h e r e  was a v e r y  
l i t t l e  w i d e n i n g  of s t o m a t a .  On ly  o n  t h e  t h i r d  a n d  pax- 
t icu laxly  f o u r t h  d a y  of i l l umina t ion ,  t h e  o p e n i n g  r eac t i on  
of s t o m a t a  was  s imi la r  to  t h a t  of t h e  g reen  leaves.  T h e  
t i m e  r equ i r ed  for  t h e  m a x i m u m  w i d e n i n g  of s t o m a t a  in  
l i g h t  was  100 min ,  a f t e r  w h i c h  t h e  s t o m a t a  d id  n o t  o p e n  
wider .  T h e  c los ing r e a c t i o n  was  f a s t e r  a n d  s t o m a t a  
n a r r o w e d  t o  t h e  in i t i a l  va lue  w i t h i n  60 rain.  As is seen 
f rom F i g u r e  1, s t o m a t a  b o t h  of e t io l a t ed  a n d  g reen  leaves  
do  n o t  close c o m p l e t e l y  in  da rkness .  O n  b o t h  e t io l a t ed  
a n d  g reen  leaves,  t h e r e  were  a b o u t  28,000 of s t o m a t a / c m  *, 
a n d  t h e i r  sizes were  s imilar .  T he  a v e r a g e  l e n g t h  of s t o m a t a  
was  19.5/~. 

F i g u r e  2 shows  t h a t  t he  t o t a l  ch l o r ophy l l  c o n t e n t  in  
leaves  inc reased  l i nea r ly  w i t h i n  4 d a y s  of g reen ing  (5 h of 
l i g h t / d a y )  a n d  r eached  a b o u t  1/4 of c o n c e n t r a t i o n  in g reen  
leaves.  T h e  r a t e  of t r a n s p i r a t i o n  of e t io l a t ed  a n d  g reen  
leaves  is p r e s e n t e d  in F igu re  3. F r o m  th i s  F igu re  i t  c a n  
b e  r e a d  t h a t  t r a n s p i r a t i o n  of e t i o l a t ed  l eaves  on  t h e  f i r s t  
a n d  second  d a y  of g r een ing  was  b y  a b o u t  3 t i m e s  less t h a n  
t h a t  of g reen  leaves.  O n  t h e  t h i r d  d a y  of l i gh t  per iod,  t r a n -  
s p i r a t i o n  ra i sed  b y  a b o u t  2 t imes ,  a n d  f ina l ly  on  f o u r t h  
d a y  of g r een ing  i t  was  s imi la r  to  t h a t  of g reen  leaves.  T h e  
d a t a  of t h e  F igu res  1, 2 a n d  3 sugges t  a close r e l a t i ons h ip  
b e t w e e n  t h e  r e sponse  of s t o m a t a  to  l ight ,  t h e  t r a n s p i r a -  
t ion  a n d  t h e  syn thes i s  of ch l o r ophy l l  in  leaves.  T he  open-  
ing r eac t i on  of s t o m a t a  s t a r t s  to  work  well  w h e n  t he  
c o n c e n t r a t i o n  of ch lo rophy l l  in  leaves  r e ached  a c e r t a i n  
level  (28.1/~g/g f resh  weight )  be low wh ich  s t o m a t a  do n o t  
r e s p o n d  to  l ight .  T h e  r i s ing  in t h e  t r a n s p i r a t i o n  r a t e  is 
co r re l a t ed  in t i m e  w i t h  t h e  o p e n i n g  r eac t ion  of s t o m a t a .  
I t  is d o u b t f u l  w h e t h e r  such  a r e sponse  of s t o m a t a  of 
on ion  leaves  is due  m e r e l y  to  t h e  p r o d u c t i o n  of o smot i ca l ly  
ac t ive  s u b s t a n c e s  in  g u a r d  s t o m a t a l  cells, b ecaus e  i t  h a s  
b e e n  s h o w n  e t h a t  p h o t o s y n t h e s i s  was  a b o u t  50 t i m e s  too  
low t o  a c c o u n t  for  t h e  m a x i m u m  r a t e s  of osmot ic -  
p re s su re  c h a n g e  o b s e r v e d  d u r i n g  t h e  open ing .  

R e c e n t l y  RASCHKE ~ h a s  showed  t h a t  t h e  m o v e m e n t s  
of s t o m a t a  of ma ize  leaves  were  a f u n c t i o n  of l i gh t  

i n t e n s i t y  a n d  were  s imi la r  e i t he r  in  t h e  a t m o s p h e r e  of 
air,  C O : f r e e  a i r  or  in  p u r e  n i t rogen .  I n  o t h e r  words,  t h e  
r eac t i ons  of s t o m a t a  in  l i gh t  were t h e  s a m e  d u r i n g  p h o t o -  
s y n t h e t i c  a b s o r p t i o n  of CO, a n d  a f t e r  r e m o v a l  of CO, 
f rom t h e  a t m o s p h e r e .  I t  is a poss ib i l i ty  t h a t ,  in  l i gh t  in  
e t i o l a t ed  leaves,  t h e  deve lop ing  m e c h a n i s m  of p h o t o -  
p h o s p h o r y l a t i o n  in ch lo rop la s t s  8 p rov ides  t h e  energy,  
m a y  be  i n v o l v e d  in t h e  o p e r a t i o n  of a ' p u m p '  t h a t  in-  
creases  t h e  t u r g i d i t y  of g u a r d  cells as p o s t u l a t e d  b y  
ZELITCH 0. T h e  fac t  t h a t  t h e  s t o m a t a  of b o t h  e t i o l a t e d  a n d  
green  leaves  of on ion  were s imilar ,  suggests  t h a t  l i gh t  h a s  
no  v is ib le  effect  on  t h e  f o r m a t i o n  a n d  d e v e l o p m e n t  of 
s t o m a t a ,  a n d  t h a t  t h e y  a re  p r e s u m a b l y  u n d e r  gene t ic  
cont ro l .  T h e  o b s e r v a t i o n  t h a t  t h e  s t o m a t a  of g reen  a n d  
a lb ino  m u t a n t  b a r l e y  leaves  were  s imi la r  ha s  b e e n  re-  
p o r t e d  b y  SHow l° 'n .  

Zusammen/assung. I n  e t io t i e r t en  Bl~i t tern de r  Zwiebel  
(Allure cepa L.) k a n n  L i c h t  e r s t  n a c h  E i n s e t z e n  de r  
C h l o r o p h y l l s y n t h e s e  die 0 f f n u n g s b e w e g u n g  de r  S t o m a t a  
induz ie ren .  
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The Chromosomes  of the Didelphiid Marsupial  Marmosa robinsoni Bangs  

T h e  m u r i n e  o p p o s u m s  (Marmosa) are  t h e  m o s t  d ivers i -  
f ied neo t rop i ca l  marsup ia l s .  CABRERA 1 recognized  37 l iv ing  
species,  m a n y  of t h e m  f u r t h e r  sp l i t  i n to  seve ra l  sub-  
species.  Such  a d ivers i f ied  genus  a f fo rds  i n t e r e s t i n g  
m a t e r i a l  for  s tud ies  o n  t h e  causes  of species d ive r s i f i ca t ion  
in  e x t r e m e l y  p o l y t y p i c  genera .  T h e  h i s t o r y  of 3Iarmosa as 
a who le  h a s  b e e n  rev i sed  b y  TArE 3 L i t t l e  is k n o w n  a b o u t  
i t s  e v o l u t i o n a r y  h i s to ry ,  t h e  genus  b e i n g  k n o w n  in  t h e  
fossil r ecord  o n l y  in  t he  P l iocene  a n d  P le i s tocene  of 
A r g e n t i n a  8. 

C h r o m o s o m e  s tud ies  p r ov i de  i n t e r e s t i n g  i n f o r m a t i o n  
for  i n v e s t i g a t i n g  spec ia t ion .  T he  ava i l ab le  ev idence  a b o u t  
t h e  c h r o m o s o m e s  of Marmosa is a l m o s t  nil. BIGGERS e t  al.4 
a n n o u n c e d  p r e l i m i n a r y  resu l t s  in  t h e  s t u d y  of ch r omo-  
somes  of M. mexicana, s t a t i n g  t h a t  i t  h a s  a k a x y o t y p e  
v e r y  s imi la r  to  t h a t  of Caluromys derbianus, w i t h  2 N  = 14 
ch romosomes ,  b u t  t h e y  h a v e  n o t  ye t  r epo r t ed  t h e  r e l e v a n t  
evidences .  I t  seems useful ,  the re fore ,  to  r e p o r t  t he  pre-  
l iminaxy  resu l t s  r e a c h e d  in t h e  s t u d y  of M. robinsoni's 
c h r o m o s o m e s  even  t h o u g h  t h e y  axe o n l y  b a s e d  on  a few 
ind iv idua l s .  

T w o  ma le  a n d  2 f emale  i n d i v i d u a l s  of NI. robinsoni h a v e  
b e e n  s t ud i ed  for  c h r o m o s o m e  ana lys i s .  T h e y  are  t h e  

spec imens  M B U C V  1-1418, M B U C V  1-1429, M B U C V  
1-1423 a n d  M B U C V  1-1424 of t h e  Col lect ion of M a m m a l s  
of t h e  I n s t i t u t e  of Trop ica l  Biology,  Cen t r a l  U n i v e r s i t y  
of Venezue la .  T h e  f i r s t  2 were  c a p t u r e d  b y  t h e  a u t h o r  in  
Los L l a n o s  Biological  S t a t i on ,  n e a r  Calabozo,  Gu~rico,  
Venezue la .  T h e  l a s t  2 were  c a u g h t  b y  C. J .  NARANJO in  
' h a t o  Acapu lco ' ,  a b o u t  25 k m  s o u t h  of L a  T r i n i d a d  de  
Arauca ,  Apure ,  Venezue la .  A l t h o u g h  t h e  local i t ies  are  n o t  
t yp i ca l  for t h i s  species, t h i s  is one  of t h e  c o m m o n e s t  
m a m m a l s  i n h a b i t i n g  t h e  sma l l  c lus ters  of t rees  in  t h e  
s a v a n n a s  of GuArico a n d  Apure .  Series f rom t h e  a b o v e  
local i t ies  closely agree  w i t h  t he  desc r ip t ion  of M. mitis 
casta g iven  b y  TATE 3, which ,  accord ing  to  CABRERA 1, is 
to  be  n a m e d  M. robinsoni robinsoni Bangs ,  1898. 
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