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CHAPTER 4

ANATOMY AND ULTRACYTOLOGY OF LATEX VESSELS

D, PREMAKUMARI a n d  A .O .N . PANIKKAR

R u b b e r  R e s e a r c h  I n s t i t u t e  o f  I n d i a ,  K o tta y a m -6 8 6 0 0 9 , K e ra la .  I n d i a .

L a t i c i f e r s  a r e  p r e s e n t  in  a  v e r y  l a r g e  n u m b e r  o f  s p e c i e s  b e lo n g in g  

to ' a b o u t  tw e n ty  d i f f e r e n t  f a m i l i e s  (M e tc a l f e .  1 9 6 6 ) ,  m o s t ly  d i c o ty l e d c n s .  

A few  m o n o c o ty le d c n s  l i k e  A lliu m  c e p a  (H o ffm an n , 1933) a n d  t h e  g e n u s  

R e g e n e ll id iu m  o f  M a r s i l i a c e a e  ( P t e r i d o p h y t a )  a r e  a l s o  r e p o r t e d  to  h a v e

l a t i c i f e r s  (G o m ez . 1 9 8 2 ] .  T h e  ta x o n o m ic  im p o r ta n c e  o f  t h e s e  s t r u c t u r e s  i s  

d o u b t f u l ,  a l th o u g h  i t  h a s  b e e n  a  m a t t e r  o f  fu n d a m e n ta l  i n t e r e s t .

T h e  o c c u r r e n c e  o f  l a t i c i f e r s  in  H e v e a  a n d  t h e i r  s t r u c t u r e  h a v e  b e e n  

s t u d i e d  d u r in g  th e  n i n e t e e n th  c e n t u r y  b y  S c o t t  (1 8 8 6 ) a n d  C a l v e r t  (1 6 8 7 ) .  

D e ta i le d  i n v e s t i g a t i o n s  o n  t h e  b a r k  s t r u c t u r e  a n d  t h e  l a t i c i f e r o u s  t i s s u e  

o f  th e  p a r a  r u b b e r  t r e e  w e re  c a r r i e d  o u t  d u r in g  th e  e a r l y  t w e n t i e t h  c a i t u r y  

( B r y c e  a n d  C a m p b e l l .  1 9 1 7 ; K e u c h e n iu s .  1 9 1 8 , A r i s z .  1 9 1 9 , 1 9 2 1 ; L a R u e . 

1 9 2 1 ; H e u s s e r .  1921 ; V i s c h e r  a n d  T a s ,  1 9 2 2 ; B o b i l io f f .  1 9 1 9 . 1 9 2 0 . 1923; 

S te ln m a n n , 1 9 2 3 ) .

N a tu re  o f  l a t i c i f e r s

T h e  t y p e  o f l a t i c i f e r s  i s  c h a r a c t e r i s t i c  o f  th e  p l a n t  s p e c i e s .  T h e  

c o m p le x  t y p e s  o f  l a t i c i f e r o u s  s y s t e m s  In  p l a n t s  a r e  c l a s s i f i e d  a s  a r t i c u l a t e d  

a n d  n o i - a r t i c u l a t e d  a c c o r d in g  to  t h e  m o d e  o f  o r ig in  (D e B a r y ,  1 8 7 7 ) .  B o th

a r e  t u b u l a r  s t r u c t u r e s  a n d  a r e  d e s c r i b e d  a s  l a t e x  v e s s e l s .

A r t i c u l a t e d  l a t i c i f e r s  a r e  c o m p o u n d  in  o r ig in  c o m p r is in g  a  s e r i e s  o f

c e l l s ,  e i t h e r  re m a in in g  b lu n t  o r  b e c o m in g  c o n tin u o u s  t u b u l a r  s t r u c t u r e s  d u e  

to  p a r t i a l  o r  c o m p le te  d i s s o l u t i o n  o f  e n d w a l l s .  D e p en d in g  o n  t h e  p r e s e n c e  

o r  a b s e n c e  o f  l a t e r a l  c c m n e c tio n s  t h e y  a r e  f u r t h e r  c a t e g o r i s e d  a s  a n a s to m o s in g  

a n d  n o n -a n a s to m o s in g  r e s p e c t i v e l y .  T h e  n o n - a r t i c u l a t e d  l a t i c i f e r s  a r e  m o re  

s im p le  i!i s i r u c t u r e .  T h e y  m ay  r e m a in  a s  s i r .g le  u n b ra n c h e d  c e l l s  o r  b r a n c h e d  

s t r u c t u r e s  e x te n d in g  th r o u g h o u t  t h e  s h o o t  a n d  r o o t  s y s te m  a s  in  E u p h o r b ia

s p e c i e s .  T h e  g ro u p s  o f l a t i c i f e r s  in  p l a n t  k in g d o m  c a n  b e  c l a s s i f i e d  a s  

I n d i c a t e d  b e lo w :



L a t ic if e r s :
S p e c ia l is e d
c e l l s  o r
t i s s u e s
w h ich
co n ta in
l a t e x .

N cO T -articulated: 
D evelop  from  s in g le  
c e l l s ,  w h ic h  e lo n g a te  
and t h e i r  t i p s  k e e p  
p a c e  w ith  g ro w th  of 
th e  c e l l s  o f th e  
su rro u n d in g  m e r i-  
stem  p e n e tra t in g  
among th e  new c e l l s .

A r t ic u la te d ; 
O rig in a te  from  
ro w s o l c e l l s  b y  
th e  p a r t i a l  o r  
c o m p le te  a b s o rp t io n  
o f th e  s e p a ra tin g  
w a lls  in  e a r ly  
o n to g en y .

U n b ra n c h e d :
More o r  l e s s  s t r a ig h t  
tu b e s  d e v e lo p in g  
in to  long s t r u c tu r e

B ra n c h e d :
E ach  l a t i c i f e r  c e l l  
b ra n c h e s  r e p e a te d ly  
fo rm ing  an  Im m ense 
sy s te m  o f  tu b e s .

N on~anastom oslng : 
L(»ig, com pound tu b e s  
n o t co n n ec ted  w ith  
e a c h  o th e r  l a t e r a l l y .

A nastom osing :
F o rm s an asto m o ses 
l a t e r a l l y  w ith  
c e l l s  o r  tu b e s  of 
s im i la r  n a tu r e ,  
a l l  com bine  fo rm ing  
a  re t ic u lu m .

C annabis
iJ r t ic a
C a th a ra n th u s

A sc le  p ia s
C ry p to s te g ia
E u p h o rb ia
F ic u s
fJeHum

A c h ra s
C helldon ium
C onvo lvu lus
Ipom oea

Argemone
C a rica
C ichorlum
Hevea
M anlhot
T araxacum

C lass lf ica tiO T  of l a t i c i f e r s  -  A sc h e sa a tlc  re p re se n ta tic m  

(A d a p te d  from  P a n ik k a r .  1974j

In  H ev ea . th e  p r in c ip a l  ty p e  of l a t i c i f e r s  e x p lo i te d  co m m erc ia lly  fo r  

i t s  la te x  i s  th e  se c o n d a ry  l a t i c i f e r s .  d i f f e r e n t i a te d  b y  th e  a c t i v i t y  of

v a s c u la r  cam bium  a s  in  th e  c a s e  o f v e s s e l  e le m e n ts  and h en ce  th e  term  'l a t e x  

v e s s e l s ' i s  a p p r o p r i a t e .  T hey  a r e  a r t ic u la te d  and belong  to  th e  anasto m o sin g , 

co e n o c y tic  ty p e .

A se p ta te  th r e a d - l i k e  l a t i c i f e r s ,  h o w e v e r , o c c u r  in  th e  p i t h  and le a v e s

and a ls o  in  young b ra n c h e s  o f H evea t r e e .  P re se n c e  o f  r a y  c e l l s  co n ta in in g

la te x  h a s  a ls o  been  r e p o r te d  (B o b il io f f ,  19 2 3 ). R e c e n tly  X iu q ian  (1967) m ade 

d e ta i l e d  in v e s tig a tic m s  on th e  n a tu re  o f l a t i c i f e r s  in  H evea b r a s i l i e n s i s  and 

o b s e rv e d  th a t  th e  p r im a ry  l a t i c i f e r s  found in  th e  s e e d  (c o ty le d c m ). le a f ,  

f lo w e r , ro o t and  young stem  a r e  n o n -a r t ic u la te d  w h ic h  show  in t ru s iv e  g ro w th  

in to  th e  in te r c e l lu la r  s p a c e s  o f th e  p r im a ry  ph loem  and  c o r te x  in  c o n tra s t

to  th e  a r t ic u la te d  anasto m o sin g  s e c o n d a ry  l a t i c i f e r s .

O ntogeny

The e n t i r s  l a t i c i f e r  sy s te m  Ln a  s p e c ie s  m ay in i t i a t e  from  a  few



i n i t i a l s  p re se n t  in  th e  e m b ry o , a s  in  c e r ta in  E u p h o rb ia  s p .  (S c h a r f f s te in , 

1932; R osovfsk l, 196 8 ), w h ic h  in  t h e  c o u rse  of d e v e lo p m e n t, a r e  found on 

th e  c irc u m fe re n c e  o f th e  c e n t r a l  c y l in d e r .  In  c e r ta in  o th e r s  th e  p r im a ry  
l a t i c i f e r s  o r ig in a te  in  th e  ph loem  o r  p e r ic y c le  a s  in  T araxacum  k o k -sa g h y z  

o r  in  th e  h y p o d e rm a l re g io n . In  A lliu m , th e  l a t i c i f e r  i n i t i a l s  a r e  found 

in  th e  t h i r d  l a y e r  o f l e a f  m e s o p h y ll  o r  in  th e  t h i r d  l a y e r  below  th e  a b ­

n o rm a l e p id e rm is  o f th e  b u lb  s c a le .

O ntogeny of l a t i c i f e r s  in  H evea w as o u tlin e d  b y  S co tt (1882) based  

cn  th e  o b s e rv a tio n s  on g e rm in a tin g  s e e d s .  He co u ld  id e n t i fy  th e  la te x  v e s se ls  

a s  sm a ll e lc n g a te d  c e l l s  w ith  c h a r a c t e r i s t i c  g ra n u la r  co n ten ts  d e v o id  o f th e  

a le u ra n e  g r a in s .  A cco rd in g  to  h im  d is s o lu t io n  o f  c ro s s  w a lls  ta k e s  p lace  

a t  a  s ta g e  o f ro o t  g ro w th  a p p ro a c h in g  3 -4  mm len g th  in  th e  s e e d l in g s .  He 

c o n s id e re d  th e  h y p o d e rm a l sy s te m  o f  l a t i c i f e r s  a s  m ore ad v a n c e d  th an  tbe 

v a s c u la r  l a t i c i f e r  s y s te m . C a lv e r t  (1867) id e n t i f ie d  th r e e  sy s te m s  of 

l a t i c i f e r s  in  th e  stem  o f  H ev ea : h y p o d e rm a l ,  p r in c ip a l  and  m e d u l la r .  But 

M il^ te z  {1946, 1948, 1951) l a t e r  fcxind t h a t  th e  p r im a ry  la t l c i f e ro u s  s y s te n  

i s  d i f f e r e n t ia te d  from  th e  p rocam bium  in  th e  v ic in i ty  o f th e  p h lo e m . More 

e la b o r a te  s tu d ie s  on  th e  d e v e lo p m e n t o f  l a t e x  v e s s e l s ,  a s  re v ie w e d  b y  Gomez 

(1 9 8 2 ), co n firm  • th a t  t h e  p r in c ip a l  sy s te m  of p r im a ry  l a t i c i f e r s  i s  th a t 

o b s e rv e d  in  th e  p ro c a m b ia l re g io n  b e long ing  to  th e  p r im a ry  ph loem  p r o p e r .

B o b illo ff  (1919) d e s c r ib e d  tw o  m odes o f  l a t i c i f e r  on togeny  in  H evea. 

one b y  th e  d is s o lu t io n  o f c ro s s  w a lls  o f a  row  of c e l l s  and  th e  o th e r  by  

e x te n s io n  o f  g ro w th  o f  c e r ta in  c e l l s .  T h e  f i r s t  ty p e  o f d e v e lo p m e n t in  th e  

fo rm a tio n  of se c o n d a ry  l a t i c i f e r s  w as c o n f irm e d  l a t e r  ( P a n ik k a r .  1974; 

X iu q ian , 1 9 8 7 ). In  th e  c o u rse  o f  d e v e lo p m e n t o f th e  a r t i c u la te d  la t ic i f r a v  

in  H ev ea . b e fo re  th e  d is s o lu t io n  o f  e n d  w a lls  o f l a t i c i f e r  i n i t i a l s ,  sm all

p ro je c tic x is  a r e  fo rm ed  cxi th e  l a t e r a l  w a l ls  and th e  tu b u la r  p ro je c t io n s  <tf

th e  a d j a c ^ t  l a t i c i f e r s  com e in  c o n ta c t an d  fu s e  to  form  th e  an as to m o ses .

D is tr ib u tio n

In  H evea l a t i c i f e r s  a r e  p r e s e n t  in  a l l  o rg an s e x c e p t wood a lth o u g h

o c c a s io n a l p re s e n c e  o f  p lugged  v e s s e l s  h a v in g  la te x  h a s  been  r e p o r te d

(B o b il io f f ,  1921. 192 3 ). N c m -a r tic u la te d  l a t i c i f e r s  o f  p r im a ry  o r ig in  a rc

u s u a lly  p r e s e n t  in  ycwng o rg an s  in  th e  p r im a ry  s t a te  o f  g ro w th . T hey  a re  

a ls o  o b s e rv e d  in  young le a v e s ,  f lo w e rs ,  c o ty le d o n s  and  p i th .

S eco n d a ry  l a t i c i f e r s  a r e  d i s t r i b u t e d  in  th e  b a r k ,  and  th e  co m m erc ia lly  

e x p lo i te d  p a r t  o f th e  t r e e  i s  th e  m ain t r u n k .  A c o m p re h e n s iv e  d e s c r ip t io o  

o f th e  s t r u c tu r e  o f m a tu re  b a rk  in  H evea ( F ig .  1) w as m ade b y  B ry c e  and 

C am p b e ll (1 9 1 7 ). Jn th e  b a r k ,  in  ad d itic? '. to  th e  ou te rm co t p r o te c t iv e  t is s u e s  

c o n s is tin g  o f  l a y e r s  o f  c o rk  c e l l s ,  t h e r e  a r e  tw o m ore d is t in g u is h a b le  zo n es .





an  in n e r  so f t  zone and  an  o u te r  h a r d  zon e . H a rd n e ss  o f th e  o u te r  zone is  

due to  th e  o c c u rre n c e  o f s c l e r i f i e d  c e l l s  in  m a s s e s , known a s  s to n e  c e l ls .  

T h e re  a r e  tan n in  c e l l s  a ls o  in  th e  b a r k .  T he l a t i c l f e r  d if f e r e n t ia t io n  from 

th e  ca m b ia l d e r iv a t iv e s  i s  a rh y th m ic  p ro c e s s  and  a  r in g  o f l a t i c i f e r s  a re  

p ro d u c e d  e a c h  t im e . H ence th e  la te x  v e s s e l s  in  H evea form  c o n c e n tr ic  r in g s 

alm o st a l te rn a tin g  w ith  l a y e r s  o f o th e r  phloem  t i s s u e .  T he g en e ra l s tru c tu re  

and o rg a n iz a tio n  i s  th e  sam e in  th e  m ain tru n k  and  b ra n c h e s , though &ie 

b a rk  th ic k n e s s  and  n u m b er o f  la te x  v e s s e l  ro w s  v a r y .
In  a c ro s s  s e c tio n a l  v ie w , la ie x  v e s s e l s  h a v e  a m ore o r  le s s  c i r c u la r  

s h a p e .  T he c o n c e n tr ic  ro w s  of la te x  v e s s e l s  a r e  se en  a lm o st p a r a l l e l  to 

th e  cam bium , and a r e  s e p a r a te d  by  L ayers  o f p h lo em  e le m e n ts .
In a lo n g itu d in a l s e c tio n  in r a d ia l  p lan e  th e  la te x  v e s s e l s  h a v e  tu b u la r  

s h a p e ,  and  th e  v e s s e l s  r e p re s e n t in g  d i f fe r e n t  ro w s  look  l i k e  s t r a ig h t  tubes 

I n te r r u p te d  a t th e  lo c a tio n  o f phloem  r a y s .  In th e  so f t  b a s t  re g io n  th e  la tex  

v e s s e ls  a r e  c o n tin u o u s , w h ile  m ost o f them  in  th e  h a rd  b a s t  reglcsi a re  

d isc o n tin u o u s  and h en ce  n o n -fu n c tio n a l. In th e  h a rd  b a s t  re g io n  th e  la tex  

v e s s e l s  becom e c ru s h e d  and  b ro k en  d ue  to  th e  p u sh  and  p u l l  e x e r te d  by  

th e  su rro u n d in g  t i s s u e ,  e s p e c ia l ly  th e  sto n e  c e l l s ,  d u r in g  r a d i a l  g ro w th . 

T h e  la te x  v e s s e l s  be tw een  ro w s a r e  no t u s u a l ly  co n n ec ted  a lth o u g h  ra re  

in s ta n c e s  of anastom osing  a r e  r e p o r te d .
In a  ta n g e n tia l lo n g itu d in a l s e c t io n  o f t h e  b a rk  th ro u g h  a  r in g  o f 

l a t i c i f e r s . th e  s y s te m  re s e m b le s  a  m esh  w o rk . T h e  c r o s s  s e c tio n a l  a re a s  

of p h lo lc  r a y s  r e p r e s e n t  th e  s ie v e s  o f  th e  n e t .  W eaving th e  p h lo lc  r a y s  

th e  tu b u la r  la te x  v e s s e l s  ru n  u p ,  in  a  s l i g h t l y  in c lin e d  p a th  to  th e  leng 

a x i s  of th e  t r e e ,  in  a n t i - c lo c k w is e  d i r e c t io n .  T h e  d e g re e  o f in c l in a tio n  v a r ie s  

from  2 -7 °  d ep en d in g  on c lo n e . T he incllnatlcw i o f la te x  v e s s e l s  w as w ell 

known to  e a r l i e r  r e s e a r c h e r s  ( F e tc h . 1911; De Jo n g e , 1916, 1919: G oaez

and  C hen. 1967) and  t h i s  t r a i t  w as ta k e n  in to  acco u n t in  d e c id in g  th e  slope  

of ta p p in g  c u t.
T he c o u rse  o f la te x  v e s s e l s  from  th e  b a s e  u p w a rd s  in te rw e a v in g  the 

r a y  g ro u p s  le a d s  to  a  z ig -z a g  p a t te r n .  T h e  e x te n t  oJ w a v ln e s s  d e p e n d s  o r 

th e  s iz e  and d i s t r i b u t io n  o f th e  p h lo lc  r a y s  and  h en ce  Is  a  c lo n a l c h a ra c te r  

(P rem ak u m arl e t  a l . .  1 9 8 5 ). T h e  d e g re e  of w a v ln e s s  of l a te x  v e s s e l s  wUWn 

a t r e e  v a r i e s  a c c o rd in g  to  th e  sa m p lin g  d is ta n c e  from  th e  cam bium .

P rem ak u m arl e l  a l .  {19S5) r e c o rd e d  a  ran g e  o f 6 -9  c o n n e c tio n s , w ith in  

a  d is ta n c e  of 0 .2 2  mm of anasto m o sin g  v e s s e l s  among ten  c lo n e s  and  o b se rv e d  

th a t  th e  ln te ;» s lty  o f anas to m o sin g  i s  a  s ig n if ic a n t  c lo n a l c h a r a c t e r . X luqian 

(1987) o b s e rv e d  1 -5  connectlcm s p e r  l a t i c l f e r  c e l l  a r ra n g e d  In  a  re g u la r  

p a t te r n .



QUANTITATIVE ASPECTS

T h e  q u a n t i ty  of l a t ic i f e ro u s  t i s s u e  in a t r e e  i s  d e te rm in e d  b y  v a r io u s  

f a c to r s  su c h  a s  th e  num ber o f la te x  v e s s e l  ro w s , d e n s i ty  o f la te x  v e s s e ls  

w ith in  a r in g ,  d is ta n c e  b e tw een  v e s s e l  r in g s ,  d i s t r ib u t io n  p a t t e r n  o f la te x  

v e s s e l  r in g s ,  s iz e  o f l a t i c l f e r s  and  th e  g i r th  o f th e  t r e e .

N um ber o f  la te x  v e s s e l  r in g s

T h e  n u m b er o f la te x  v e s s e l  r in g s  i s  a c lo n a l c h a r a c te r  (B o b il io ff .  

1923; V’i s c h e r ,  1921, 1922; S an d e rso n  and S u tc l i f f e ,  1921} and th e  f re q u e n c y  

p f l a t i c i f e r  d i f f e r e n t ia t io n  i s  g e n e t ic a l ly  c o n t r o l le d .  T h e  n um ber o f la te x  

v e s s e l  ro w s  v a r ie s  d e p e n d in g  on th e  c lc n e , ag e  o f th e  t r e e ,  g ro w th  r a te  

and s e a so n a l  f a c to r s .  D uring th e  a c t iv e  g ro w th  p e r io d ,  th e  r a te  o f l a t i c i f e r  

d i f f e r e n t ia t io n  w ould b e  m uch h ig h e r  th an  th a t  d u rin g  th e  r e s t  o f  th e  y e a r .  

S ig n if ic a n t  v a r ia t io n  o f c a m b ia l a c t i v i t y  and n um ber o f v e s s e l  r in g s  betw een  

d i f f e r e n t  p e r io d s  o f th e  y e a r  h a v e  been  n o ted  in  c lo n e  G1 1 (P rem aK um ari 

e t  a l . .  1981]. H ig h e r n um ber of la te x  v e s s e l  ro w s was a s s o c ia te d  w ith  h ig h e r  

r a t e  o f c a m b ia l a c t i v i t y .  Gomez e t  a l .  (1972) s tu d ie d  th e  in flu e n c e  of age

of th e  t r e e  on num ber of la te x  v e s s e l  r in g s  and  o b s e rv e d  a  l i n e a r  r e la t io n ­

s h ip  u p to  ab o u t 15 y e a r s .

In  s e e d lin g  t r e e s ,  th e  num ber o f la te x  v e s s e l  ro w s  d e c re a s e s  w ith  

in c re a s in g  h e ig h t  o f th e  tru n k  ow ing to  th e  p o s i t iv e  r e la t io n s h ip  betw een  

la te x  v e s s e l  ro w s and b a r k  th ic k n e s s .  B a rk  th ic k n e s s  d e c re a s e s  w ith  

in c re a s in g  h e ig h t  due to th e  con ifo rm  n a tu r e  o f s te m s , co m p ared  to th e  

c y l in d r ic a l  tru n k  in  c lo n e s . T h is  f a c to r  I s  g iv en  d u e  c o n s id e ra t io n  In 

d e te rm in in g  th e  h e ig h t  and  s lo p e  o f ta p p in g  c u t .

Gomez e t  a l .  (1972) s tu d ie d  112 c lo n e s , ag ed  e ig h t  and  h a l f ,  and

r e c o r d e d  a m ean of 2 5 .6  r in g s .  Gomez (1982) su g g e s te d  th a t  th e  in c re a s e  

in  th e  num ber of l a t i c i f e r  r in g s ,  as se e n  from  th e  r e p o r t s  o f  v a r io u s  s tu d ie s

o v e r  a  p e r io d  o f f i f ty  y e a r s ,  can  be a t t r ib u te d  to g e n e tic  im p ro v e m e n t.

C o n c e n tra tio n  o f l a te x  v e s s e l  r in g s  in  th e  b a r k  a t  p o s i t io n s  d i s t a l

to  th e  cam bium  v a r ie s  among c lo n e s . N early  1 0 -3 5 | o f  th e  v e s s e l  r in g s  w ere 

o b s e rv e d  in  th e  second  and  th i r d  m il l im e te r  and th e  num ber d im in ish e d  

to z e ro  o v e r  a d is ta n c e  o f f iv e  to e ig h t mm. C lonal d if fe r e n c e s  in  th e  

d is ta n c e  betw een  two c o n s e c u tiv e  l a te x  v e s s e l  r in g s  becam e p ro m in e n t only  

b ey o n d  th e  t h i r d  m ill im e te r  from  th e  cam bium .

T h e  quantum  of l a t i c l f e r s  in  th e  v i r g in  b a rk  i s  in f lu e n c e d  by  th e

age o f th e  t r e e .  Gomez e t  a l .  (1982) r e p o r te d  th a t  in  t r e e s  below  f iv e

y e a r s ,  th e  l a t i c i f e r  r in g s  w ere  c o n c e n tra te d  in  th e  f i r s t  4 -5  mm; caily 40^  ̂

b e in g  in  th e  se c o n d , b e tw e e n  f iv e  and ten  y e a r s ,  h o w e v e r , l a t i c i f e r  r in g s  

w e re  m ore c o n c e n tra te d  n e a r  th e  cam bium  ta i l in g  aw ay to  z e ro  n e a r  to  th e



e ig h th  m il l im e te r  and  by  th e  25th  y e a r  ab o u t 75% of th e  la te x  v e s s e l  r in g s  

w ere  o r ie n te d  a t  th e  in n erm o st f iv e  mm of th e  b a r k .

D e n s ity  o f  la te x  v e s s e l s  w ith in  r in g s

T h e  n um ber o f l a t l c i f e r s  p e r  u n i t  c irc u m le re n c e  o f th e  t r e e ,  u su a lly

r e f e r r e d  to  a s  d e n s i ty  o f la te x  v e s s e l s ,  in d ic a te s  th e  q u a n ti ty  of la t lc i f e ro u s  

t i s s u e  in  te rm s  o f l a t i c i f e r  a r e a  in  th e  c ro s s  s e c t io n  of a  t r e e .  Gomez (1982) 

mentlcHied a d if fe re n c e  in  l a te x  v e s s e l  d e n s i ty  betw een  tw o d is ta n t  p o s itio n s  

from  th e  cam bium . He o b s e rv e d  an a p p a re n t  c lo n a l d if fe re n c e  a l s o .  H igh ly

s ig n i f ic a n t  c lo n a l d if fe r e n c e s  in  t h i s  t r a i t  h a v e  been  d e m o n s tra te d  l a t e r

b y  P re m a k u m a ri e t  a l .  (1 9 8 5 ). Among te n  c lo n e s  th e y  re c o rd e d  a ran g e  of 

24 -31  l a te x  v e s s e l s  p e r  row  p e r  1 .2 5  mm c irc u m fe re n c e . T he d e n s i ty  o f 

l a te x  v e s s e l s  i s  a ls o  r e l a t e d  to  th e  w id th  o f  p h lo ic  r a y s  (P rem ak u m ari

e t  a l . .  1984}.

D iam ete r  o f la te x  v e s s e ls

T h e  l a t i c i f e r  d ia m e te r  i s  a  know n c lo n a l c h a r a c te r .  A sh p la n t (1928] 

r e c o rd e d  h ig h  c o r re la t io n s  (0 .7 6 J  b e tw een  y ie ld  and la te x  v e s s e l  d ia m e te r .  

F re y -W y s s lin g  (1930) and  R ic h e s  and  G ooding (1952) r e l a t e d  the d ia m e te r  

o f  l a te x  v e s s e l s  to  r a te  o f  flow  of l a t e x ,  co m p ared  th e  r e la t io n s h ip  w ith  

w ith  P o i s s e u l l l e 's  eq u a tio n  fo r  v isc o u s  flow  in  a  c a p i l l a r y  and d e m o n s tra te d  

t h a t  th e  volum e o f  flow  i s  p r o p o r t io n a l  to  th e  fo u r th  p o w er of th e  r a d iu s  
o f th e  c a p i l l a r y .

Gomez e t  a l .  (1972) r e p o r te d  a  v a r ia t io n  o f la te x  v e s s e l  d ia m e te r  

from  2 1 .6  uni to  2 9 .7  md in  e ig h t  RRIM c lo n e s . In a r e c e n t  s tu d y  P re n a -  

k u m a ri e t  a l .  (1985) r e c o rd e d  a ra n g e  of 1 6 .6 7  um to  2 6 .8 7  um in  n in e  

y e a r  o ld  p la n ts  o f ten  c lo n e s .

L a t ic i f e r  a r e a  In d ex

L a t ic i f e r  a r e a  in d e x  i s  a  te n ta t iv e  in d e x  p ro p o se d  by  Gomez e t  a l .

(1972) to  a p p ro x im a te  th e  q u a n ti ty  o f l a t lc i f e ro u s  t is s u e  o f  a t r e e  in  te rm s

of c r o s s  se c tio n a l  a r e a .  T h is  in d e x  i s  b e l ie v e d  to  accoun t a l l  th e  main

q u a n t i ta t iv e  f a c to r s  w h ich  a r e  in v o lv e d  in  la te x  p ro d u c tio n . T he to ta l  num ber

of l a t i c i f e r s  in  a  t r e e  i s  a p p ro x im a te ly  a s s e s s e d  a s  nfG , w h e re , n  i s  th e

n u m b er o f l a te x  v e s s e l  r in g s ,  f ,  th e  d e n s i ty  o f la te x  v e s s e ls  p e r  r in g  and

G, th e  g i r t h  In  cm . Hence th e  to ta l  c ro s s  s e c tio n a l  a r e a  o f la te x  v e s s e l  
2

w ould  b e  nfG ( ir r  ) ,  w h e re  r  Is  th e  r a d iu s  o f th e  la te x  v e s s e l .

S in ce  th e  'a t e x  v e s s e l  r in g s  a r e  no t in te r c c r j ie c te d ,  o pen ing  o f  m ore 

la te x  v e s s e l  r in g s  on ta p p in g  g iv e s  p ro p o r t io n a te ly  h ig h e r  y le d .  I t  i s  

c o n v e n tio n a l to  le a v e  a p p ro x im a te ly  one mm b a rk  u n d is tu rb e d  n e a r  th e



cam bium  to  a v o id  in ju ry  to th e  cam bium . A bout 40% of th e  la te x  v e s s e l  r in g s

a r e  d i s t r i b u t e d  w ith in  th e  f i r s t  m il l im e te r  from  th e  wood an d  h en ce  'n '

sh o u ld  be  c o r re c te d  a s  0 .6  n and ag a in  fo r  h a l f  s p i r a l  cu t i t  sh o u ld  be

c o r re c te d  a s  0 .3  n . F o r p r a c t ic a l  p u rp o s e s  th e  n um ber o f la te x  v e s s e ls

c u t on e a c h  ta p p in g  in  h a lf  s p i r a l  c u t sh o u ld  b e  c a lc u la te d  a s  0 .3  nfG and
2

th e  c ro s s  s e c tio n a l  a r e a  a s  0 .3  nfG ( n r  ) .

V a r ia t io n s  a t  h ig h e r  p lo id y  le v e ls

O nly  l im ite d  s tu d ie s  h a v e  been  m ade on  th e  q u a n t i ta t iv e  v a r ia t io n s  

o f la t l c i f e ro u s  t i s s u e  of H evea a t  d i f f e r e n t  p lo id y  l e v e l s .  A s tu d y  on th e  

c o m p a ra tiv e  b a rk  anatom y o f  th e  m a tu re  t r e e s  o f  in d u ced  p o ly p lo id s  of GT 1. 

T J ir  1 an d  RRII 105 show ed  c c n s id e ra b le  r e d u c tio n  In b a rk  th ic k n e s s ,  num ber 

o f la te x  v e s s e l  ro w s and d e n s i ty  o f l a t i c i f e r s  le a d in g  to  re d u c e d  l a t l c i f e r  

a r e a  fo r  th e  t e t r a p lo ld s  a s  com p ared  to  t h e i r  r e s p e c t iv e  d ip lo id s  (P rem a- 

k u m arl e t  a l . ,  1988 b ]. T he e f fe c t  w as not un ifo rm  in  c lo n e s  s tu d ie d  but 

a  te n d e n c y  fo r  h ig h e r  s iz e  and re d u c e d  num ber o f c e l l s  f o r  th e  p o ly p lo id s  
w as in d ic a te d .

LATEX VESSELS AND YIELD

C o rre la t io n s  betw een  s t r u c tu r a l  f e a tu re s  and  y ie ld  in  H evea h a v e  been 

s tu d ie d  in  d e ta i l  b y  s e v e ra l  r e s e a r c h e r s .  B o b U io ff {1920), La Rue (1921) 

and  T a y lo r  (1926) e s ta b l is h e d  h ig h ly  s ig n if ic a n t  c o r r e la t io n s  betw een  y ie ld  

and n u m b er of la te x  v e s s e l  ro w s in  se e d lin g  m a te r ia ls .  L a te r  s tu d ie s  y ie ld e d  

s t i l l  h ig h e r  c o r re la t io n  o f t h i s  s t r u c tu r a l  t r a i t  w ith  y ie ld  in  c lo n e s  and 

p o s i t iv e  l in e a r  r e la t io n s h ip  o f th e  num ber o f  l a te x  v e s s e l  ro w s a n d  b a rk  

th ic k n e s s  w ith  y ie ld  of H evea c lo n es  in  33 m onth o ld  n u r s e r y  p la n ts  was 

o b ta in e d  (N aray an an  e t  a l . ,  1973). E la b o ra te  s tu d ie s  an d  y ie ld  com ponent 

a n a ly s is  (N arayanan  e t  a l . ,  1973: N arayanan  e t  a l ,  1974; N arayanan  and Ho. 

1973; Ho e t  a l . ,  1973) p ro v e d  th a t  th e  n u m b er o f la te x  v e s s e l  ro w s i s  th e  

m ost im p o rta n t  s in g le  f a c to r  r e la te d  to  y i e ld .  T h is  c h a r a c t e r ,  com b in ed  w ith  

p lugg ing  in d e x  and  g i r th ,  cou ld  acco u n t f o r  75% of th e  y ie ld  v a r ia t io n s  in  

young p la n t s .  T he a c c o u n ta b il i ty  w as re d u c e d  to  40% a t  th e  m atu re  p h a se  

w h ic h  in d ic a te d  a p red o m in an t r o le  o f g e n o ty p e  en v iro n m en t in te ra c t io n . 

S e th u ra J  e t  a l .  (1974) d e m o n s tra te d  a  s ig n if ic a n t  p o s i t iv e  c o r r e la t io n  betw een 

num ber o f la te x  v e s s e l  row s and I n i t i a l  r a te  o f  f lo w . P re m ak u m arl e t  a l .  

(1964) p ro p o s e d  a n e g a tiv e  r e la t io n s h ip  o f p h lo ic  r a y  w id th  and y ie ld ,  

m e d ia te d  th ro u g h  the in v e r s e  r e la t io n s h ip  betw een  l a t l c i f e r  d e n s i ty  and 
p h lo ic  r a y  w id th .

In  a d d i t io n  to  th e  num ber o f  la te x  v e s s e l  r in g s ,  th e  d e n s i ty  o f la te x  

v e s s e l s / r i n g ,  l a t l c i f e r  d ia m e te r  and  a ls o  th e  d is ta n c e  b e tw een  l a t i c i f e r



ro w s a r e  & c to r s  d e te rm in in g  th e  q u a n t i ty  o f  la t lc l f e ro u s  t is s u e  e x p re s s e d  

in  te rm s  o f l a t i c l f e r  a re a  In  c ro s s  s e c t io n  o f  th e  b a rk .  P re m ak u m arl e t  a l . 

(1988a) su g g e s te d  l a t i c l f e r  a r e a  a n d  o r ie n ta t io n  o f l a t l c l f e r s  a s  v e ry  

im p o rta n t  f a c to rs  in flu en c in g  y ie ld  o f  H evea c lo n e s .

REGENERATION OF LATICIFERS

H evea tr e e s  a r e  e x p lo i te d  f o r  a  p e r io d  o f 20-23 y e a r s  from  the 

com m encem ent o f  ta p p in g . A f te r  th e  co n su m p tio n  of v irg in  b a r k ,  re g e n e ra te d  

b a r k  i s  e x p lo i te d  and h en ce  r e g e n e ra t io n  o f b a r k  i s  of g re a t  s ig n if ic a n c e , in 

ta p p in g ,  o n ly  a th in  s l i c e  of b a r k .  1 .0 - 1 .5  mm th ic k  I s  sh a v e d  o f f  to  cu t 

o pen  th e  l a te x  v e s s e l s .  T he cam bium  I s  n o t In ju re d  in  th i s  p ro c e s s .  M oreover 

a  l a y e r  o f so f t b a s t  w h ich  i s  l e f t  in ta c t  a lo n g  w ith  th e  cam bium  during  

ta p p in g  g iv e s  p ro te c t io n  to  th e  c a m b la l l a y e r .  B a rk  i s  r e g e n e ra te d  due to 

c o n tin u ed  a c t iv i ty  o f th e  v a s c u la r  cam b iu m , d u r in g  w h ich  p ro c e s s  new phktem 

t i s s u e s  a r e  p ro d u c e d  and th e  n o rm a l p r o c e s s  o f  l a t i c l f e r  d if fe r e n t ia t io n  

c o n tin u e s . T h e  p r o te c t iv e  t i s s u e  l o s t  a long  w ith  th e  b a rk  I s  r e p la c e d  by 

th e  fo rm a tio n  and a c t iv i ty  o f a  new p h e llo g e n  below  th e  c u t su rfa c e

(B o b l l io f f ,  1923; P a n ik k a r ,  19 7 4 ). T h u s th e  p ro c e s s  o f b a rk  re g e n e ra tio n

i s  th e  fu n c tio n  o f  two cam b la , th e  c o n tin u e d  a c t i v i t y  o f  th e  v a s c u la r  cambium 

a n d  th e  fo rm a tio n  and  fu n ction ing  o f  a  new c o rk  cam bium .

T h e  im m ed ia te  e f fe c t  o f ta p p in g  in  H evea I s  a  s h r in k a g e  o f  c e l l s  a t  

th e  c u t s u r f a c e ,  w h ich  un d erg o  n e c r o s i s .  Im m e d ia te ly  below  th e  n e c ro tic  

l a y e r ,  c e l l s  e n la rg e  and d iv id e  in  i r r e g u l a r  p la n e s  w h ic h  l a t e r  become 

o r ie n te d  p a r a l l e l  to  th e  cu t s u r f a c e .  A wound p h e llo g e n  d i f f e r e n t i a te s  a t

th e  h y p o d e rm a l, o r ,  o c c a s io n a lly  th e  s u b  h y p o d e rm a l, l a y e r  w h ic h  cuts 

o ff  p h e lle m  to w a rd s  th e  p e r ip h e r y  and  p h e llo d e rm  to w a rd s  th e  in n e r  s id e  

( P a n ik k a r .  1974).

T h e  e x te n t  r f  b a rk  re g e n e ra tio n  and  d i f fe r e n t ia t io n  o f l a t i c l f e r  row s 

d e p e n d s  on th e  c lo n e . B o b llio ff  (1923) found th a t  th e  to ta l  num ber of

l a t i c l f e r  ro w s , a f t e r  one y e a r  o f r e g e n e ra t io n  o f b a rk  w il l  becom e equal 

to  th e  num ber w h ich  was p r e s e n t  in  th e  v i r g in  b a r k .  I t  i s  a ls o  r e p o r te d  

th a t  th e  r a t e  o f re g e n e ra tio n  o f l a t i c l f e r  ro w s  i s  d e te rm in e d  b y  th e  in h e re n t 

c h a r a c t e r i s t i c  o f th e  tr e e  fo r  l a t i c l f e r  d i f f e r e n t i a t io n  in  th e  v irg in  b a r k .

T h e  e x te n t  of re g e n e ra tio n  i s  c o n tro l le d  b y  v a r io u s  f a c to r s  l ik e  d ^ t h  

o f  tap p L ig  and age o f th e  t r e e .  Gomez e t  a l .  (1972) o b s e rv e d  th a t  clonal 

d if f e r e n c e s  a p p e a r  to be  m ore im p o rta n t  o n ly  in  th e  young t r e e s .  F o r v w y  

o ld  t r e e s  th e  p ro p o rtio n  o f uncu t v e s s e l  r in g s  re c o rd e d  w ere  o n ly  8-13% 

fo r  th e  c lo n e s  s tu d ie d ,  w h e re a s , i t  w as 30-45% in  yo u n g er t r e e s .  T he e ffec t 

o f  d e e p e r  ta p p in g  th e r e fo re  w ould  show  o n ly  s m a lle r  re sp o n s e  a s  th e  tree  

g ro w s o ld e r .



R e g en era tio n  o f l a t i c l f e r s  in  s t im u la te d  b a rk

S ig n ific a n t in c r e a s e  in  b a rk  th ic k n e s s  w as re c o rd e d  fo r  s t im u la te d  

t r e e s  b y  De Jonge (1955, 1957) in  e x p e r im e n ts  u sin g  2 ,4 -D . and  2 ,4 ,5 -T  

a p p l ie d  on ren ew in g  b a r k .  H ow ever, no  e f fe c t  on th e  n u m b er o f la te x  v e s s e l  
ro w s w as e v id e n t .  R ed u c tio n  in  th e  n um ber o f l a t e x  v e s s e l  ro w s a s so c ia te d  

w ith  in c re a s e d  p e r id e rm  fo rm a tio n  fo r  o i l /p e tro le u m  b a se d  t r e a tm o it ,  h a s  

been  r e p o r te d  b y  Gomez (1964) w h ile  no c h a r a c t e r i s t i c  e f fe c t  on th e  num ber 

of la te x  v e s s e l  row s cou ld  be  n o tic e d  fo r  E th e p h o n  s tim u ia ticm  (Gomez, 

1962). H ow ever, an in c r e a s e  o f  p e r id e rm  t i s s u e  due to  s tim u la n t a p p l ic a t lc n  

w as a p p a r a i t .

R e g en era tio n  o f  l a t i c l f e r s  a f t e r  m lc ro ta p p ln g

D elay ed  fo rm a tio n  of la te x  v e s s e l  r in g  j u s t  a f t e r  m lc ro ta p p ln g  was 

n o tic e d  in  norm al p u n c tu re  ta p p e d  t r e e s  (H am zah and  Gomez, 1981). H ow ever, 

norm al a c t i v i t y  o f th e  v a s c u la r  cam bluin w as n o t p e rm a n e n tly  a f fe c te d  a s  i t  

con tin u ed  norm al p ro d u c tio n  of la te x  v e s s e l s .  T h e  s c a r  t i s s u e  o r  's c a b ' 

fo rm ed  on th e  su r f a c e  o f th e  b a rk  u n d e r  th e  f la k y  e x te r n a l  b a r k ,  a t  th e  

p u n c tu re d  p o r t lc n .  c o n s is ts  o f th e  'w ound  z o n e ' and  th e  p e r id e rm  t is s u e  

fo rm ed  a f te r  p u n c tu r in g . T h e  wound zone i s  a p a r t  o f th e  b a rk  a t  th e  

p u n c tu re d  p o r tio n  w h e re  th e  t is s u e s  show  d is c o lo u ra t io n  d ue  to  th e  p re se n c e  

o f l ig n in . s u b e r in ,  ta n n in , e t c . .  w h ic h  a r e  su p p o s e d  to a id  p ro te c tio n  of 

p r o to p la s t  a g a in s t  d e s ic c a t io n  and  d e c a y .

EFFECT OF MINERAL DEFICIENCIES ON LATEX VESSEL FORMATION

T h e r e l a t i v e  im p o rta n c e  of s o i l  ty p e  on l a t i c i f e r  d i f f e r e n t ia t io n  was 

s tu d ie d  by  K euchenius (1920) who re c o rd e d  an  annual a v e ra g e  in c rem en t of 

3 .14  la te x  v e s s e l  r in g s  in  good s o i l ,  2 .1 4  r in g s  in  a v e ra g e  s o i l  and  1 .74 

r in g s  in  p o o r s o i l .  L a te r  s tu d ie s  (M ass, 1923; Hamzah e t  a l . ,  1975) con firm ed  

th e  e f fe c t  o f m in e ra l d e f ic ie n c ie s  on l a t i c i f e r  fo rm a tio n . D e f ic ie n c ie s  of 

n i tro g e n , p h o sp h o ru s , p o ta s s iu m  and m agnesium  h a v e  m ajo r d e tr im e n ta l  e f fe c t 

on l a t i c i f e r  d i f f e r e n t ia t io n .  L ik e w ise  ca lc ium  and  s u lp h u r  d e f ic ie n c y  a lso  

re d u c e d  th e  num ber of l a te x  v e s s e l s .  In a d d lticv i to  th e  m ajo r e le m e n ts , 

c e r ta in  m inor e lem en ts  su c h  a s  m anganese, iro n  and z in c  w ere  a ls o  fo u id  

to in flu e n ce  fo rm a tio n  of l a te x  v e s s e ls .

LATEX VESSELS OF BROWN BAST AFFECTED TREES

B rown b a s t  i s  c o n s id e re d  a s  a p h y s io lo g ic a l  d i s o r d e r  v e ry  o ften  r e la te d  

to  o v e r  e x p lo i ta t io n .  T h e  d i s o r d e r  m ain ly  o r ig in a te s  in  th e  la te x  v e s s e ls  

and s p r e a d s  along  th e  v e s s e l s .  H ow ever th i s  d o e s  no t u s u a lly  s p r e a d  irom



one re g e n e ra te d  to  a n o th e r  and from  v i r g in  b a rk  to  re g e n e ra te d  b a rk  

(P a ra n jo th y  e t  a l . .  19 7 5 ). Brown b a s t  o ften  p ro d u c e s  c an ce ro u s  g row ths 

in  th e  b a rk  t i s s u e  le a d in g  to  m alfo rm a tio n s  o f th e  t r e e  t r u n k ,  and d e ta ile d  

in v e s tig a tio n s  h a v e  been  m ade on th e  b a rk  anatom y of brow n b a s t  a ffec ted  

t r e e s  {R ands, 1919. 1 9 2 1 ,a , b . c ;  R h o d e s . 1930; S an d erso n  and  S u tc l i f f e .  1921). 

S tru c tu ra l  c h a r a c t e r i s t i c s  a s s o c ia te d  w ith  b ’.'own b a s t  in c id e n c e  m ain ly  Invo lve 

d e p le tio n  o f s t a r c h  in  t i s s u e s ,  o c c u r re n c e  o f a  brow n su b s ta n c e  s im i la r  to 

tan n in  In ab u n d a n c e , f re q u e n t o c c u r re n c e  o f o i l  g lo b u le s  and p ro d u c tio n  of 

a  la rg e  num ber o f  s to n e  c e l l s .  F o rm a tio n  of a ty p e  o f wound gum . r e s is ta n t  

to  a c id s  and  a lk a l i e s  b u t r e a c tin g  w ith  ta n n in s  and  l ig n in  w as o b se rv e d  

in  brow n b a s t  a f fe c te d  t r e e s  b y  R ands (19 1 9 , 1 9 2 1 a .b .c )  and  R hodes (1930). 

Gomez (19B2) o b s e rv e d  fo rm a tic n  o f  ty lo s e s  in s id e  th e  l a te x  v e s s e l s  o f brown 

b a s t  a f fe c te d  t i s s u e .  T h e  ty lo s e s  l a t e r  becam e f i l l e d  w ith  tan n in s and  th e i r  

w a lls  go t l lg n i f i e d .  T h e  v e s s e l s ,  p a r t i a l l y  b lo c k e d  w ith  ty lo s e s ,  check  

l a te x  f lo w , le a d in g  to  i n i t i a t io n  of d r y n e s s .  De F ay  and H ebant (1980) have 

c o n firm ed  som e of th e s e  f in d in g s . H o w ev er, th e s e  h is to lo g ic a l  re a so n s  a a y  

u i ly  b e  se c o n d a ry  e f fe c ts  le a d in g  to  r e d u c e d  l a te x  f lo w . T he e f fe c t  of 

d im in ish e d  p e r m e a b i l i ty  o f th e  la te x  v e s s e l s  d ue  to  in te n s iv e  ta p p in g , as 

d e s c r ib e d  b y  B ea lin g  and  Chua (1 9 7 2 ), fo llo w e d  b y  c o a g u la tio n  o f  la te x  

m ay be  th e  m ajo r cau se  of c r i t i c a l  r e d u c t io n  in  la te x  flo w .

ULTRACYTOLOGY
The anatom y and  h is to lo g y  of H evea and th e  on togeny  of la te x  v e s se ls  

h a v e  been  docum ented  w e l l .  H evea l a t e x  v e s s e l s  being  a  d i f f i c u l t  m ate ria l 

f o r  l ig h t  m ic ro sc o p y  d ue  to  th e  ou t flow  of l a te x  on se c tio n in g  and  la te x  

d is s o lu tio n /c o a g u la t io n  d u r in g  p ro c e s s in g , on ly  v e r y  l i t t l e  in fo rm a tio n  could 

be g a th e re d  on th e  cy to lo g y  of th e  l a te x  v e s s e l  and i t s  c o n te n ts . A ccording 

to  B o b ilio ff  (1923) th e  v e r y  e a r ly  c o n te n tio n  w as th a t  la te x  v e s s e l s  a re  

i n t r a x y la r y  s p a c e s  betw een  t i s s u e s  f i l l e d  w ith  s a p  w h ic h  d if fu s e d  in  from 

n e ig h b o u rin g  c e l l s .  T h e  c y to p la s m ic  n a tu r e  o f l a te x  h ad  been  f i r s t  p ro posed  

in  1886 b y  B e r th h o ld . H o w ev er, th i s  w as s t i l l  a d e b a ta b le  s u b je c t  and  th e  

c o n cep t th a t  l a t e x  i s  th e  c e l l  s a p  bo u n d ed  b y  a  to n o p la s t  ga in ed  more 

a c c e p ta n c e  w hen p u b l i s h e d  in  s ta n d a rd  w o rk s  o f  B o b ilio ff  (1923. 1930) and 

F re y -lV y sslin g  (1 9 5 2 ). L a te r  h ig h  s p e e d  c e n tr ifu g a tio n  o f la te x  and i t s  

s e p a ra tic s i  in to  fo u r  m ain f ra c t io n s  b y  Cook and  S e k h a r  (1953) and su b seq u en t 

r e s e a r c h  by  M oir (1959) r e v iv e d  th e  c y to p la s m ic  th e o ry  o f la te x  v e s s e ls .  

A p p lic a tio n  o f v i t a l  s t a in s  l ik e  n e u tr a l  r e d  im p ro v e d  th e  s t a in a b i l l t y  of 

d i f f e r e n t  zones and  re n d e re d  s u p p o r t  to  e a r l i e r  r e p o r t s  on th e  o c cu rren ce  

of iu to id s  «nd i t s  id e n t i f ic a t io n  a s  v a c u o le s  (W iersum , 1 9 5 7 ). By t h i s  time 

th e r e  w as c o n s id e ra b le  im p ro v em en t in  e le c t r o n  m ic ro sc o p y . T h is  tech n iq u e



p ro v id e d  c le a r  m ic ro g ra p h s  o f la te x  v e s s e ls  in  se c tio n  w h ic h  p r o v e d ,  beycxid 

d o u b t, th a t  la te x  in  H evea i s  a  s p e c ia l i s e d  ty p e  o f c y to p la s m  (F ig . 2}.

C e ll w a ll

As in  th e  c a s e  o f s i e v e  tu b e s  th e  c e l l  w a lls  o f l a t i c i f e r s  a r e  m o stly  

m ade o f c e l lu lo s e .  P h o to m ic ro g ra p h s  (Gom ez, 1976) r e v e a l  h ig h e r  w all 

th ic k n e s s  fo r  o ld e r  v e s s e l s .  A bu lg e  i s  o ften  c h a r a c t e r i s t i c  o f  th e  l a t i c i f e r  

w a l l ,  w h ic h  can  b e  a t t r ib u t e d  to  th e  rem n an ts  o f c r o s s  w a l ls .  P re se n c e  

o f  p a r t i a l l y  d i s s o lv e d  c ro s s  w a lls  a t  th e  I n i t i a l  s ta g e s  o f la te x  v e s s e l  

on togeny  h a s  been  su g g e s te d  b y  D ickenson (1 9 6 9 ), who h a s  a ls o  found th e  

o c c u rre n c e  o f m ic ro tu b u le s  a p p a r e n t ly  a t  th e  p e r ip h e r y  o f  th e  w a lls  w ith  

p la sm o d e sm ata  betw een  la te x  v e s s e l s  a s  w ell a s  b e tw een  la te x  v e s s e l s  and 

n e ig h b o u rin g  c e l l s  o f v e r y  young v e s s e l s .  In c o n tr a s t  to  t h i s .  d 'A u z a c  (1SS8) 

r e p o r te d  th a t  l a t i c i f e r  c e l l s  d o  not h a v e  any  p i t  f i e l d s  ccHinecting th e  

n e ig h b o u rin g  p a re n c h y m a . He found p e r fo r a t io n s  co n n ec tin g  a  l a t i c i f e r  w ith  

o th e r  l a t i c i f e r s .

N ucleus

B o b ilio ff  (1923 , 1930] r e p o r te d  co en o cy tic  n a tu re  o f  la te x  v e s s e l s  in 

H ev ea . A ccord ing  to  h im  th e  n u c leu s of a  l a t i c i f e r  i n i t i a l  r e ta in s  c e n tra l  

p o s i t io n  and  d u r in g  th e  c o u rse  o f ontogeny th e  c y to p la sm  fo rm s  a p e r ip h e ra l  

l a y e r  w h e re  num erous n u c le i a r e  em b ed ed  In  m a tu re  l a t e x  v e s s e l s .  L a te r  

o b s e rv a t io n s  w ith  th e  a id  o f electrcK i p h o to m ic ro g ra p h s  b y  D ickenson  (1963) 

co n firm ed  th e  co e n o c y tic  n a tu re  o f th e  la te x  v e s s e ls  and  th e  p a r ie ta l  poslticx i 

o f n u c le i .

M ito ch o n d ria

T he o c c u rre n c e  o f m ito c h w id ria  in  young la te x  v e s s e l s  o f th e  te n d e r  

p a r t s  of th e  t r e e  w as found b y  Dickenscui (1965) and  l a t e r  b y  Gomez (19 7 6 ]. 

H ow ever, m ito c h o n d ria  w ere  r a r e  o r  a b se n t in  ta p p e d  la t e x  w h ic h  may be 

a t t r ib u t e d  to  i t s  p a r ie ta l  p o s i t io n  a f t e r  ta p p in g . H o w ev er, m ore d e ta i le d  

o b s e rv a t io n s  a re  n e e d e d  to  p ro v e  th e  n a tu re  and fu n c tio n s  o f su c h  o rg an s 

in  la te x  v e s s e l s .

E n d o p lasm ic  re t ic u lu m , r ib o so m e s  and p r o p la s t id s

O ccu rren ce  o f c y to p la s m ic  o rg a n e lle s  l ik e  e n d o p la sm ic  re tic u lu m  and 

r ib o so m e s  in  young l a t i c i f e r s  h a s  been  r e p o r te d  ( A rc h e r  e t  a l . .  1963; 

D ick en so n , 19 6 5 ), and  l a t e r  co n firm ed  b y  Gomez (1974, 1 9 7 6 ) . T he p re se n c e  

o f r ib o so m e s  in  ta p p e d  l a te x  h a s  been  r e p o r te d  b y  Coupe and  d 'A u z a c  (1972) 

a f t e r  b io c h e tn ic a l s tu d ie s  on l a t e x .  O ccasional p re s e n c e  o f p l a s t i d s  and



F ig . 2 . U lt r a s t r u c tu r e  o f a  m a tu re  la te x  v e s s e l  from  a  ta p p in g  t r e e .



p r o - p l a s t i d s  h a s  a ls o  been  n o ted  (Gomez and  M oir, 1979).

MAJOR CONSTITUENTS OF LATEX

F re s h  H evea la te x  i s  a p o ly d l s p e r s e  sy s te m  in  w h ic h  n e g a t iv e ly  

c h a rg e d  p a r t i c le s  o f v a r io u s  ty p e s  a r e  s u s p e n d e d  in  an  a m b ie n t serum  

( C -s e ru m ) . T h e  tw o main p a r t i c u la te  p h a s e s  co n ta in e d  in  H evea l a t e x  a re  

r u b b e r  p a r t i c l e s  c o n s titu t in g  30-45% and  lu to id  p a r t i c l e s ,  10-20% . T h e  th i r d  

ty p e  on a  quantum  b a s is  i s  th e  F re y -W y ss lin g  c o m p le x e s .

R u b b e r  p a r t i c le s

T h e  r u b b e r  p a r t i c le s  u s u a l ly  h a v e  a s iz e  ran g in g  from  50 A° to  abo u t 

30 ,000  A° (3 p m ) , a lth o u g h  e x tre m e  c a s e s  h a v in g  5 o r  6 pm a r e  a ls o  found. 

T hey  a r e  s p h e r ic a l  b o d ie s  in  young t r e e s  and p o tte d  p la n ts  b u t in  m atu re  

t r e e s  th e  p a r t i c le s  a re  la r g e ,  o f te n  h av in g  a  p e a r  s h a p e .  T h e  s h a p e  in 

c e r ta in  c a s e s  se em s to b e  a  c lo n a l c h a r a c te r .  F e a r  s h a p e  i s  r e p o r te d  to 

b e  v e r y  f re q u e n t in  c lo n es su c h  a s  T j i r  1 and  PR 107 (S o u th o m . 19 6 1 ).

P a r t ic le  s iz e  o f g r e a te r  p ro p o r t io n  i s  b ey o n d  th e  l im i t  of th e  re s o lu tio n  

p o w er o f l ig h t  m ic ro sco p e  and  r e l i a b l e  in fo rm a tio n  in  t h i s  r e g a rd  cou ld  

b e  o b ta in e d  o n ly  w ith  e le c t r o n  m ic ro sc o p ic  o b s e rv a t io n s .  T em pel (1952) 

r e c o rd e d  1000 A° s iz e  a t  maximum f re q u e n c y . T h is  w as co n firm ed  l a t e r  by  

Gomez and  M oir (1 9 7 9 ). Schoon and v an  d e r  B ie (195S ), o b s e rv e d  a  m u lti­

m odal d i s t r ib u t i tm  of r u b b e r  p a r t i c l e s  in  l a te x  o f  m a tu re  H evea t r e e s  and 

p ro p o s e d  th a t  l a r g e r  p a r t i c l e s  a r e  fo rm ed  by  th e  a s s o c ia t io n  o f  s m a lle r  

p a r t i c l e s .  Gomez (1966) found a  m u ltim oda l d i s t r ib u t io n  in  la t i c e s  from  young 

p o tte d  p la n t s .  In  l a t i c i f e r s  o f v e r y  young p la n ts  sm a ll o sm io p h y lic  p a r t i c l e s  

a r e  se e n  f re e ly  in  th e  c y to p la s m . T h e  s t r u c tu r e  and  c o l lo id a l  p r o p e r t i e s  

of H evea la te x  h a s  been w e ll s tu d ie d  (C o ck b a in  and  P h i lp o t t .  1963: Ho 
e t  a l . .  1976).

A r u b b e r  p a r t i c le  o f  a v e ra g e  s iz e ,  ab o u t 1000 A“ , co n ta in s  h u n d re d s  

o f m o lecu le s  o f th e  h y d ro c a rb o n  an d  i s  su r ro u n d e d  b y  a  s u r f a c e  f ilm  of 

p ro te in s  and l i p i d s .  T he r u b b e r  p a r t i c l e s  a r e  a ls o  a s s o c ia te d  w ith  t r i ­

g ly c e r id e s ,  s t e r o l s ,  s t e r o l  e s t e r s ,  to c o tr ie n o ls  and  o th e r  l i p i d s .  Dupont 

e t  a l .  (1976) h a v e  co n firm ed  th e  p re se n c e  o f p h o s p h a t id y lc h o l in e  and sm a ll 

am ounts o f p h o s p h a t id y l  e th an o lam in e  in  th e  l i p i d s  a s s o c ia te d  w ith  r u b b e r  

p a r t i c l e s .  The p ro te in  e n v e lo p e  o f r u b b e r  p a r t i c l e s  i s  v i s i b l e  in  s e c tio n s  

o f osm ium  s ta in e d  r u b b e r  p a r t i c l e s  and i s  a p p ro x im a te ly  100 A° th ic k  

(A n d rew s and D ickenson , 19 6 1 ). T h e  e n v e lo p e  c a r r ie s  a  n e g a tiv e  c h a rg e  

and  c o n fe rs  c o llo id a l  s t a b i l i t y  to  th e  r u b b e r  p a r t i c l e s .

A cco rd in g  to  D ickenson  (1969) t h e r e  a r e  r u b b e r  p a r t i c l e s  w ith  v a r io u s ly  

s ta in e d  re g io n s . An in n e r  o sm io p h il ic  re g io n  su r ro u n d e d  b y  a  w e a k ly  s ta in e d



p e r ip h e r y  i s  a t t r ib u t e d  to  la c k  o f u n ifo rm ity  w hen r u b b e r  p a r t i c l e s  a re  

d e p o s i te d  on e x is tin g  p a r t i c l e s  d u r in g  b io s y n th e s i s .  He h a s  a lso  sugg ested  

th a t  th e  in n e r  p a r t ic u la te  in c lu s io n , h a v in g  50-80  A« th ic k n e s s ,  m ig h t be 

m o lecu le s  o f r u b b e r  of m o lecu la r w e ig h t ab o u t 100,000 b u t f u r th e r  in v e s t i ­

g a tio n s  a r e  n eed ed  to  confirm  th i s .

L u to id s

L u to id s  form  th e  n e x t m ajo r com ponent o f  H evea l a t e x .  T hey  a re  

m em b ran e-b o u n d  b o d ie s  and  a r e  m o s tly  l a r g e r  in  s iz e  th an  th e  ru o b e r  

p a r t i c l e s .  T hey  a r e  2 -5  Mm tn  d ia m e te r  b o u n d ed  by  a  u n i t  m em brane of 

ab o u t 80 A °  th ic k n e s s .  I t  w as W iersum  (19S7J w ho f i r s t  su g g e sted  th a t  the 

lu to id s  b e h a v e  l i k e  v acu o les  d ue  to  s t a in a b i l i t y  w ith  n e u tr a l  r e d .  Though 

c o n t r o v e r s y  e x is te d  in  t h i s  r e g a r d ,  th e  w o rk  of R ib a i l l i e r  e t  a l .  (1971) 

p r o v id e d  e v id e n c e  fo r  th e  v a c u o la r  p r o p e r t i e s  o f lu to id s .

T h e  co n ten t o f lu to id s  (B -se ru m ) h a s  a  v e r y  r a p id  f lo c c u la tin g  ac tion  

on aq u eo u s  su sp e n s io n  o f r u b b e r  p a r t i c l e s  in  l a t e x ,  re s u l t in g  in  th e  fo rm aticn  

o f m ic ro f lo c c s  (S o u th e rn  an d  E d w in . 1 9 6 8 ). T h is  a c t i v i t y  i s  a p p a re n tly  

m o d e ra te d  b y  th e  am b ien t C -serum  a n d  i s  m uch re d u c e d  i f  B -se ru m  is  

b o i l e d .  S o u th o m  and  Yip (1968) d e m o n s tra te d  t h a t  th i s  f a s t  in i t i a l  floccu­

la t in g  a c t io n  o f B -se ru n  i s  an e l e c t r o s t a t i c  one in v o lv in g  th e  in te ra c tio n

b e tw een  th e  c a tio n ic  co n ten ts  o f B -se ru m  an d  th e  a n io n ic  r u b b e r  p a r t ic le  

s u r f a c e .

By p h a s e  c o n tr a s t  m ic ro sc o p y  an d  a p p l ic a t io n  o f  s u i ta b le  s ta in in g  

p ro c e d u re s  th e  s t r u c tu r e  o f lu to id  p a r t i c l e s  h a v e  been  s tu d ie d  in  d e ta i l .  

M ain ly  tw o ty p e s  o f f i b r i l l a r  s t r u c tu r e s  h a v e  been  d e s c r ib e d .  T h e  f i r s t  

t y p e ,  know n a s  m ic r o f ib r i ls ,  a r e  c h a r a c t e r i s t i c  o f  la te x  v e s s e ls  in  young 

t i s s u e s  {D ickenson , 1965, 1969: A u d le y , 1965, 1966). As se en  b y  p h ase

c o n t r a s t  m ic ro sco p y  of ta p p e d  la te x  from  young t i s s u e ,  th e  m ic ro f ib r i ls  

a r e  f r e e ly  su sp e n d e d  in  th e  f lu id  c o n te n t o f th e  lu to id  B -se ru m . T he m icro­

f i b r i l s  a r e  seen  u su a lly  a s  g ro u p ed  to g e th e r  in  b u n d le s . E ach b u n d le  has

a  d ia m e te r  o f 450-500 A °. I n d iv id u a l  m ic r o f ib r i l s  a r e  s e v e r a l  m icro n  long 

a n d  70-80  A° in  d ia m e te r .  T he m ic r o f ib r i l s  can  be i s o la te d  from  the 

s e d im e n ts  o f la te x  from  young t i s s u e s  w h ic h  on n e g a tiv e  s ta in in g  w ith  

p h o s p h o tu n g s tic  a c id  sh o w s f u r th e r  d e t a i l s .  E ach  m ic r o f ib r i l  i s  a  t ig h t ly

c o i le d  con tinuous b e l ix  w ith  a  h o llo w  a x i s .  T h e  d ia m e te r  of th e  h e l ix  i s

a b o u t 125 A° and  th a t  o f th e  h o llo w  a x i s  30 A ° .  T he m ic r o f ib r i ls  ccMisist 

o f an  a c id ic  p r o te in  w h ile  n u c le ic  a c id  se e m s to  b e  a b s e n t .  M ic ro f ib r i ls  

h o w e v e r  a r e  not p re se n t in  t i s s u e  o r  l a t ? x  c o l le c te d  from  th e  m a tu re  b a rk . 

I t  i s  b e l ie v e d  th a t  th e y  d is in te g r a te  a s  th e  p a r t i c l e s  m a tu re  o r  e l s e  the 

young lu to id s  co n ta in in g  m ic r o f ib r i ls  th e m se lv e s  d is in te g r a te  a s  th e  tis s u e



ages and  a r e  r e p la c e d  b y  a  p o p u la tio n  of lu to id s  w ith o u t m ic r o f ib r i l s .

H ow ever, th e  m ic r o f ib r i ls  do  not seem  to  h a v e  v i t a l  ro le  in  r u b b e r  b io ­

s y n th e s i s .

T he second  ty p e  o f f i b r i l l a r  s t r u c tu r e s ,  o b se rv e d  In lu to id s  o f  la te x  

from  m atu re  b a rk  o f s t im u la te d  t r e e s ,  a r e  known a s  ’m ic r o h e l ic e s ',  s o  named 

(Gomez and  Y ip , 197S) b e c a u s e  o f t h e i r  s p r in g  l i k e  s h a p e .  T h e se  s t r u c tu r e s  

w ere  f i r s t  o b s e rv e d  b y  D ickenson  (1965 . 1969]. T hey  a r e  o c c a s io n a lly  found 

in  u n s tim u la te d  t r e e s  and t h e i r  n u m b er in c re a s e s  on d i lu t io n .  H ow ever,

m ic ro h e lic e s  a re  r e p o r te d  to  b e  m ore f re q u e n t in  lu to id s  of ta p p e d  la te x  

th an  ^  s i tu  la te x  (S o u th e rn  and E d w in . 1968; Gomez and  Y ip . 1975) and 

a r e  o c c a s ic n a lly  o b s e rv e d  in  la te x  c o l le c te d  from  young t i s s u e  a ls o .

As re v ie w e d  by  Gomez and M oir (1979) th e  m ic ro h e l ic e s  a r e  

a p p ro x im a te ly  1 ym  in  le n g th  w ith  a  d ia m e te r  o f 200 A®, h a v in g  a  f ib r e  

w id th  o f  abo u t 50 A** and an open h o llo w  h e l ix  h av in g  a  300 w id e  p i t c h .  

D ickenson (1965) su g g e s te d  th e  fo rm a tio n  of m ic ro h e lic e s  from  m ic r o f lb r i ls  

bu t t h i s  h a s  been q u e s tio n e d  by  Gomez and Yip (1975).

A t h i r d  ty p e  of lu to id  in c lu s io n  -  m inute s p h e r ic a l  p a r t i c l e s  in

B row nian m ovem ent -  w as o b s e rv e d  b y  Schoon and  Phoa (1 9 5 6 ). L a te r

S ou th o m  (1960. 1961) found su c h  p a r t i c l e s  in  la rg e  nu m b ers in  t h e  bottom  

f ra c tio n  of u l t r a -c e n t r i fu g e d  l a te x  of long r e s te d  t r e e s  and  t h i s  w as 

co n firm ed  by  D ickenson  (1 9 6 9 ). T he r o le  o f su c h  p a r t i c l e s  in  l a te x  is  

unknow n.

F re y -W y s s lin g  co m p lex es

Y ellow  g lo b u le s , in  c lu s te r s  in  ta p p e d  la te x  w ere  f i r s t  n o ted  b y  F re y -  

W yssling  (1 9 2 9 ). T h e  e x is te n c e  of su c h  p a r t i c l e s  in  g ro u p s , a s s o c ia te d  w ith  

a  v a c u o la r  b o d y  w as o b s e rv e d  b y  S o u th o m  (1969) in  p h a s e  c o n t r a s t  m ic ro ­

sc o p y  and h e  found th a t  th e  in d iv id u a l  p a r t i c l e s  a r e  c o v e re d  b y  a

m em brane: th i s  w as c o n firm ed  b y  e le c t r o n  m ic ro sc o p y . D ickenson  (1969)

nam ed th e s e  p a r t i c l e s ,  e n c lo se d  a s  a s in g le  s t r u c tu r e ,  a s  F re y -W y ss lin g  

co m p le x e s .

T he F re y -W y ss lin g  c o m p lex es  a r e  m ore o r  le s s  s p h e r ic a l  in  sh a p e  

in  a  s i z e  ran g e  of 3 -6  iim ( d ia m e te r )  and  a r e  bounded  b y  a  d o u b le

m em brane. W ith in  th e  m em brane th e r e  a r e  tw o ty p e s  of p a r t i c l e s  -  la rg e

o sm io p h il ic  g lo b u le s  in  v a r ia b le  n u m b ers  and a sy s te m  of r o p e - l i k e  tu b u le s  

o f ab o u t 750 A'=’ d ia m e te r ,  u su a lly  em b ed ed  in  a m em brane bound m a tr ix  

o f o sm io p h il ic  n a tu r e .  T he co m p lex  s t r u c tu r e  o f F re y -W y ss lin g  c o m p lex es  

h a s  been  e la b o ra te d  b y  D ickenson  (1969) who d e s c r ib e d  a  s e r i e s  of 

c o n c e n tr ic  la m e lla e  o f th e  d o u b le  u n i t  m em brane and th e  sy s te m  o f  tu b u le s  

and  a ls o  h ig h ly  fo ld e d  in v a g in a tio n s  o f  th e  in n e r  m em brane.



T he F re y -W y ss lln g  c o m p le x e s  a r e  c o n s id e re d  to h a v e  v i ta l  r o le  in 

m e ta b o lic  a c t i v i t i e s .  T hough L ic k en so n  (1969) o p in e d  th a t  th e se  s t r u c tu r e s  

m ay b e  p o s s ib le  s i t e s  of r u b b e r  b io s y n th e s i s ,  th e  d o u b le  m em brane and 

p re se n c e  o f c a ro te n e  and p o ly p h ^ o lo x id a s e  in  th e  F re y -W y sslin g  com plex 

le d  to  a te n ta t iv e  su g g e stio n  th a t  i t  Is  a  ty p e  of p l a s t i d .

TYPES OF LATICIFERS

Gomez (1976) m ade a  c o m p a ra tiv e  s tu d y  of la te x  v e s s e ls  c o lle c te d  

a t  d i f f e r e n t  s ta g e s  o f  d ev e lo p m en t o r  from  d i f f e r e n t  p o s it io n s  o f a  tr e e  

and  id e n t i f ie d  m ain ly  f iv e  t y p e s .  T h e  f i r s t  t y p e  w as an em b ry o n ic  v e s s e l  

in  le a f  p e t io le  a t  a s ta g e  p r i o r  to  th e  fu s lc n  o f  l a t i c i f e r  i n i t i a l s .  T h is 

r e s e m b le d  a norm al l iv in g  p a re n c h y m a  c e l l  in  c e l l  c o n te n ts , e x c e p t  f o r  the 

p r e s e n c e  o f  num erous o s m io p h ll lc  r u b b e r  p a r t i c l e s .

A ty p ic a l  la te x  v e s s e l  from  th e  se c o n d a ry  phloem  of g reen  stem  had 

o sm io p h i l ic  r u b b e r  p a r t i c l e s ,  ran g in g  from  100 A° to  5000 A'' in d ia m e te r . 

L u to ld s  w ere  p rom in en t and th e y  c o n ta in e d  m ic r o f ib r i l s .  T h is  ty p e  of v e s se l 

c o n ta in e d  m ito c h o n d ria  and  o c c a s io n a lly  F re y -W y ssU n g  co m p le x e s , golgi 

b o d ie s  and  c h lo r o p la s t s .

T he th i r d  ty p e  w as th e  la te x  v e s s e l  c o l le c te d  from  th e  se c o n d a ry  

ph lo em  of th e  t r e e  tru n k  a t  m atu re  a g e , from  th e  in n e r  p o r t lm  of th e  b a rk , 

i . e . ,  w i th in  1 mm from  th e  w ood. T h is  co n ta in e d  num erous o sm io p h ilic  

r u b b e r  p a r t i c l e s  o f s m a lle r  s iz e  (SO A °-2  g m ) in  d ia m e te r .  L u to id s w ere 

p r e s e n t  b u t w ere  d e v o id  o f m ic r o f ib r i l s .  M ito c h o n d ria  w ere  a lso  p r e s e n t .

T h e  fo u r th  ty p e  w as l a te x  v e s s e l  u n d e r  ta p p in g  and h ad  r u b b e r  

p a r t i c l e s  in  v e r y  la rg e  n u m b e rs . L u to id s  and  F re y -W y ss lin g  co m p lex es w ere 

common an d  o c c a s io n a lly  m ito c h o n d ria  and  e n d o p la s m ic  re ticu lu m  ( a t  th e  

p e r ip h e r y )  w ere  p r e s e n t .  R a re ly ,  n u c le i  w e re  a ls o  d e te c te d .

T he l a s t  ty p e  r e p re s e n te d  se n e sc e n t v e s s e l s  in  th e  o u te r  b a r k .  In 

t h i s  t y p e ,  th e  r u b b e r  p a r t i c l e s  w ere  c o m p a ra t iv e ly  la r g e r  in  s iz e  and  th e  

o th e r  o rg a n e lle s  o b sc u re d .
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