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O b s e r v a t i o n s  on the  P h l o e m  in T h r e e  S p e c i e s  of Mimosa  

I n  M i m o s a  spp.  where  t h e  leaves  are  sens i t ive  to  ex- 
t e r n a l  s t imul i ,  t h e  ph loem,  in a d d i t i o n  to  i t s  usua l  func-  
t i on  of c o n d u c t i o n  of n u t r i e n t s ,  c o n s t i t u t e s  t h e  p r i m a r y  
e x c i t a t i o n  c h a n n e l  of e lectr ic  impu l se  t h r o u g h  t h e  p ro to -  
p la smic  c o n t i n u i t y  of i t s  cells 1,*. W i t h  a n  e lect r ic  p r o b e  
device,  B o s e  1 r ecorded  on  e i t h e r  side of t h e  x y l e m  of t h e  
pe t io le  in  M i m o s a  pudica  2 g roups  of cells i n d i c a t i n g  a n  
e lect r ica l  c o n d u c t i v i t y .  These  s t r a n d s  c o n t a i n i n g  d i s t i n c t  
' t u b e  cells '  were  desc r ibed  b y  h im  as o u t e r  a n d  inne r  
p h l o e m  tissues.  Th i s  i n t e r n a l  p h l o e m  has  o f t en  been  de-  
sc r ibed  as a p a r t  of p i t h  3 or  of p r o t o x y l e m  ~,4. The  cy to-  
h is to logica l  de ta i l s  of t h e  e x t e r n a l  a n d  i n t e r n a l  p h l o e m  
in M .  pudica  Linn. ,  M .  h ima layana  G a m b l e  a n d  M .  pigra 
Linn .  h a v e  been  s tud ied  f rom on togene t i c  a n d  his to logical  
p o i n t s  of view, 

T h e  t r a n s v e r s e  sec t ion  of t h e  va scu l a r  b u n d l e  in t h e  
pe t io le  of leaf  in  t he  3 species cons i s t s  of a b a n d  of o u t e r  
ph loem,  a well  deve loped  x y l e m  a n d  a sma l l  g roup  of 
cells f o r m i n g  t h e  i n n e r  p h l o e m  (Figure  1). U p o n  iodine-  
K I  t r e a t m e n t  s, b o t h  t h e  o u t e r  a n d  i n n e r  s t r a n d s  of 
p h l o e m  t i ssues  a p p e a r e d  g reen i sh  yel low a l m o s t  i den t i -  
cally,  t he  i n t e r m e d i a t e  x y l e m  a n d  o t h e r  n e i g h b o u r i n g  cells 
d id  n o t  i n d i c a t e  a n y  such  reac t ion .  W i t h  an i l ine  b lue  e 
also, t h e y  were  s t a i ned  b lue  in a c o m p a r a b l e  fashion.  

Gene ra l  s t r u c t u r e  of o u t e r  ph loem.  T h e  sieve t u b e s  in  
t h e  o u t e r  p h l o e m  c o n s t i t u t e  2 d i f fe ren t  t y p e s :  (1) a m u c h  
wide r  a n d  s h o r t e r  type ,  where  t he  nuc leus  d i s i n t eg ra t e s  
ea r ly  d u r i n g  on togene t i c  d i f fe ren t i a t ion ,  a n d  (2) a na r -  
rower  a n d  longer  t y p e  h a v i n g  each  a sp ind l e - shaped  per-  
s i s t en t  nuc l eus  w i t h  1 or 2 nucleol i  (F igure  2). T h e  
o n t o g e n e t i c  s t u d y  of t h e  s ieve t u b e s  in  M .  pudica  i nd ica t e s  
t h a t  t h e  in i t i a l s  of t h e  2 t y p e s  a p p e a r  to  be  c o m p a r a b l e ,  
b o t h  h a v i n g  dense  c y t o p l a s m  a n d  be ing  assoc ia ted  b y  

t h i n -w a l l ed  c o m p a n i o n  cells. I n  t h e  wider  one  w i t h  t he  
rap id  e x p a n s i o n  a n d  e longa t ion  of s ieve t u b e  ini t ia l ,  t h e  
v a c u o l a t i o n  of t h e  e l e m e n t  a n d  t h e  d i s i n t e g r a t i o n  of t he  
nuc leus  occur  v e r y  ear ly ,  b u t  in t h e  n a r r o w e r  t y p e  t h e  
c y t o p l a s m  a n d  nuc leus  pers i s t  a l m o s t  t h r o u g h o u t  t h e  life 
of t h e  ceil. T w o  nucle i  h a v e  occas iona l ly  b e e n  o b s e r v e d  in 
t h e  m i d d l e  of a wider  s ieve t u b e  e l e m e n t ;  t h e y  a re  sp ind le -  
s h a p e d  a n d  p laced  l a t e r a l l y  side b y  side or  in  a l inea r  
series (Figure  3). Occur rence  of more  t h a n  1 n u c l eu s  in  
s i eve - tube  e l e m e n t s  a p p e a r s  to  be  ra re  a n d  was p r e v i o u s l y  
r e p o r t e d  in t h e  s e c o n d a r y  sieve t u b e s  in tobacco~.  

Gene ra l  s t r u c t u r e  of i nne r  ph loem.  T h e  inne r  p h l o e m  
t i ssue  in t h e  3 species cons is t s  of a sma l l  g roup  of cells 
loca ted  j u s t  a g a i n s t  t h e  xy l em a n d  ap p ea r s  to  be  less 
co mp l ex  be ing  c o m p o s e d  of c o m p a r a t i v e l y  th in -wa l l ed  
e l o n g a t e d  s i eve - tube  e l e m e n t s  a n d  p a r e n c h y m a  (Figure  1). 
T h e  s i e v e - t u b e  e l e m e n t s  fo rm a n u m b e r  of ve r t i ca l  rows 
a long  t h e  log i tud ina l  ax is  of t h e  rachis  a n d  a re  s h a r p l y  
d i s t i n g u i s h ab l e  f rom t h e  n e i g h b o u r i n g  p a r e n c h y m a  a n d  
p i t h  cells. T h e y  possess each  a consp i cuous  sp ind l e - shaped  
p e r s i s t e n t  nucleus ,  occas iona l ly  a s soc ia t ed  w i t h  a de f in i t e  
c o m p a n i o n  cell (Figure  4). 
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Fig. 1. Transverse section of a vascular strand in the petiole of 
Mimosa pudica showing wider (W) and narrower (N) sieve tubes in 
the outer phloem, xylem tissue and inner phloem (IP) against pith 
(P). × 650. 

Fig. 2. M. pudica. Longitudinal section through the outer phloem 
showing companion cell (CC) being associated with the wider sieve- 
tube (WS) and narrow sieve-tube (NS) elements and degenerating 
nucleus (n) in the wider one. × 850. 
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Fig. 3. M. pudica. Sieve-tube elements (ST) and companion cell 
(CC) of the outer phloem showing 2 nuclei (n) being placed in a linear 
row in the longitudinal direction. × 1500. 

Fig. 4. M. pudica. Longitudinal section through the inner phloem 
showing sieve tubes with xylem vessel (X) on one side and pith 
cells (P) on the other. The nucleus (n) in the sieve tube is clearly 
seen. × 850. 

Mean values of measurements of sieve-tube elements in Mimosa 
(in/~) 

Name of 
plant 

Outer phloem Inner phloem 

Wider sieve Narrower sieve Inner sieve 
element element element 
Length Breadth Length Breadth Length Breadth 

Mimosa pudica 73 21 100 13 106 10 
M. himalayana 112 25 129 13 91 11 
M. pigra 87 21 118 15 81 8 

Re la t ive  d imens ions  of s ieve- tube  e lements .  The  re la t ive  
l eng ths  and  b r e a d t h s  of t h e  s ieve- tube  e l ement s  in t h e  3 
species (average of 15 read ings  for each) ind ica te  a com- 
pa rab le  cyto-his to logica l  s imi lar i ty  be tween  the  na r rower  
sieve tubes  of t he  ou te r  ph loem a n d  the  sieve tubes  of t he  
inner  ph loem (Table). 

R e c e n t l y  an  a lmos t  s imilar  m e m b r a n e  po ten t i a l  (mv) 
of t he  ph loem cells co r re spond ing  to  t he  ou te r  na r rower  
and  inner  s ieve- tube  e l ement s  has  been  repor ted~;  and  
th is  shows  the i r  comparab l e  e l ec t ro -conduc t ing  p r o p e r t y  
of s t imulus .  The  inner  sieve e l ement s  m a y  t h u s  be  morp h o -  
his tological ly and  physio logica l ly  equ iva len t  to  t he  nar-  
rower  sieve e l ement s  of t he  ou te r  ph loem in these  sens i t ive  
p lan ts .  

The  occur rence  of 2 t y p e s  of s ieve t u b e s  in  t he  ou te r  
ph loem m a y  ind ica te  d i f ferent ia l  sy s t ems  of conduc t ing  
channe l s  in re la t ion to  t he  special  physiological  p rope r ty .  
In  M .  pudica,  in t he  larger  wider  e lements  of t he  ou te r  
phloem,  a m u c h  lower res t ing  po t en t i a l  of a b o u t  -- 50 m v  
and  in t h e  smal l  e l emen t s  a h igher  po ten t i a l  of a b o u t  
-- 160 m v  were  recorded  ~. 

The  pers i s tence  of nucleus  in t he  m a t u r e  sieve e l emen t s  
of na r rower  sieve tubes  of t h e  ou te r  p h l o em a n d  of t h e  
inner  p h l o em m a y  refer  to  a longer  and  g rea te r  func t iona l  
life of t he  phloem.  The presence  of nucleus  in m a t u r e  sieve 
tube  was  prev ious ly  r epo r t ed  in Strychnos 8. ESAU 0, how-  
ever,  s t a t e s  t h a t  ' t he  enuc lea te  cond i t ion  is n o rma l  for  
m a t u r e  s ieve- tube  e lements ' .  

The  cyto-his to logica l  fea tures  of t he  s ieve- tube  e l ement s  
along wi th  the i r  conduc t ing  proper t ies  of electric impulse  
in M i m o s a  m a y  ind ica te  cer ta in  s imilari t ies  w i th  those  in 
t he  neuron  cells in animals .  

The  special  f ea tu res  of t h e  ph loem in M i m o s a  spp.  m a y  
be s t a t ed  as follows: (1) occurrence  of in te rna l  ph loem,  
(2) occurrence  of 2 t ypes  of sieve tubes  in t he  ou te r  ph loem,  
(3) pers i s tence  of nucleus  in t he  m a t u r e  na r rower  sieve 
t u b e s  and  (4) occasional  p resence  of more  t h a n  1 nucleus  
in the  sieve e lements  10. 

Zu s a m m en f a s s u n g .  A n a t o m i s c h e  U n t e r s u c h u n g e n  a m  
Ph l o em yon  M i m o s a  e rgaben  eine h is to logische  ~ b e r e i n -  
s t i m m u n g  der  engen  Siebr6hren  des Aussenph loems  m i t  
den  Siebr6hren  des I n n en p h l o ems .  In  den  engen  Sieb- 
r6hren  b le ib t  der  Zellkern erhal ten .  
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