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a i t h  t h e  r a p id  in ­
d u s t r i a l i s a t i o n  
d u r in g  th e  tw e n ­
t i e th  c c n tu ry ,  th e  

irafTfc- e a r t h  is  p u t  to  t re -  
m c n d o u s  e n v io r n m e n t a l  
p r e s s u re .  In  t h i s  c o n te x t, 
p ro te c tio n  o f  th e  n a tu r a l  
fo re s ts  h a s  b e co m e  a  n e c e s ­
s ity . H o w ev er, w i th  th e  in ­
c re a se  in  p o p u la tio n , th e  d e ­
m a n d  fo r t im b e r  h a s  in ­
c re a se d  m a n y  fold in  r c c e n t  
y e a rs . In  t h e  n a m e  o f con- 
s c iv iu g  f o re s ts  w c  c a n n o t  
s u b s t i t u t e  t i m b e r  f ro m  
n a tu r a l  f o re s ts  w i th  a n y  
o th e r  m a te r ia ls .  T h e  b e s t  
a n d  s u ita b le e c o -f r ie n d ly  a l­
te r n a t iv e  s o u rc e  o f t im b e r  
in  p la c e  o f  t h e  d e p ic t in g  
n a tu r a l  t im b e r  re s o u rc e s  is 
ru b b e r  p la n ta t io n s  a s  th e s e  
p la n ta tio n s  a r e  m a in ta in e d  
in  a  s u s ta in e d  y ie ld  ro ta -  
T:ion o f  25-30  y e a r s  w ith o u t  
a n y  e n v io r n a m e n ta l  h a z ­
a rd s . R u b b e r  w ood  h a s  b e ­
c o m e  a n  i n d u s t r i a l  r a w  
m a te r ia l  o n ly  a b o u t  a  d ec ­
a d e  a g o  m a i n l y  a s  a 
s u b s t i t a t e  fo r  v a l u a b l e  
tro p ic a l t im b e r  sp ec ie s , T h e  
to ta l  p ro d u c tio n  o f ru b b e r

w ood in  In d ia  a s  in  1996 is  
1 .2 7 m illio n  m ^ p e r  a n n u m .

R u b b e r  tre e  (H evea bra- 
s i l i c n s i s )  is  a  p e r e n n ia l  
d ico ty led o n o u s  sp ec ie s  b e ­
lo n g in g  to  t h e  f a m i ly  
E u p h o rb ia c e a e . T h e  t r e e  
h a s  a n  u n b ra n c h e d  s t r a ig h t  
t r u n k  a t ta in in g  79 -110  cm  
d ia m e te r  a t  b r e a s t  h e ig h t  
w ith  a  p ro fu se ly  b ra n c h e d  
d e n s e  c a n o p y . T h e  t r e e  
g row s to  a  h e ig h t  o f  a b o u t 
3 0 m . T h e  g i r th  o f  th e  t r u n k  
m ay  v a ry  from  tre e  to  tre e  
d e p e n d in g  on c lo n a l a n d  
ag ro -c lim a tic  fac to rs . N e v ­
e r th e le s s , th e  p la n ta t io n s  
r a i s e d  f ro m  s e e d l i n g  
p o p u l a t i o n s  n o r m a l l y  
show ed  a  h ig h e r  g i r th  w h e n  
c o m p ared  to  th o se  ra is e d  
from  b u d g ra f te d  p la n t in g  
m a te r ia ls .  O v er t im e  th e  
b u d g ra g te d  p o ly b ag  p la n ts  
a r e  b e in g  p o p u l a r i s e d  
ac ro ss  th e  m a jo r  n a tu r a l  
ru b b e r  p ro d u c in g  c o u n tr ie s  
a s  th e  p r im a ry  ob jec tive  is 
to  o b ta in  h ig h e r  lev e ls  o f 
ru b b e r  y ie ld  r a th e r  t h a n  
tim b er. T h is  d e v e lo p m en t 
h a d  se rio u s  im p lic a tio n  on

th e  y ie ld  o f  t im b e r  p e r  t r e e  
c o m p a re d  to  th e  a v a ila b i l­
i ty  d u r in g  th e  e a r ly  timt*.'> 
a s  th e  v o lu m e  o f wood is 
d ire c tly  p ro p o rtio n a l to  th e  
g i r th  o f  th e  t r e e .  I t  h a s  b een  
e s t im a te d  t h a t  a  se e d lin g  
t r e e  g iv es  35  cfl. wood a n d  a 
b u d d e d  t r e e  g iv e s  2 0 c f t  
w ood a t  th e  t im e  o f  c le a r  
fe llin g o fw h ic h  607r is t ru n k  
w ood a n d  40%  b ra n c h  w jjod. 
T h e  s h o r ta g e  o f  good q u a l ­
i ty  t im b e r  a n d  i ts  e v e r  in - 
c r e a s in g d e m a n d  u n d e r lin e  
th e  n e e d  to  e x p lo re  th e  c h a r ­
a c te r is t ic s  a n d  s t r u c tu r a l  
f e a tu r e s  o f  r u b b e r  w ood for 
th e  u t i l i s a t io n  in  th e  fie ld  o f  
v a r i o u s  i n d u s t r i a l  a p l i -  
c a tio n s .

G ross stru ctu re o f  
rubber wood

R u b b e r  w ood sh o w s a 
g e n e ra l  g ro ss  s t r u c tu r e  o f 
d ico ty le d e n o u s  (hardw ocjd ) 
t im b e r  w ith  c e r ta in  c h a ra c ­
te r i s t ic s  specific  to  th e  s p e ­
c ies. B a s e d  on  th e  d e n s ity  
c la s s if ic a tio n , ru b b er.w o o d  
com es u n d e r  th e  ca te g o ry  
o f  l ig h t  h a rd w o o d . (B oss-



h a r d ,  1996) w ith  a n  a i r  d ry  
s p c c i ik  j jra v ity  0 .557  an d  
a v e ra g e  w e ig h t o fa b o u t  515 
kg/m * a t  12% m .c (S e k h a r , 
1989). T h e  w ood is  d iffu se  
p o ro u s , s t r a ig h t  to  sH gh tly  
in te r lo c k e d  g r a in e d  a n d  
m e d iu m  c o a rs e  te x tu r e d  
w i th  a  c h a ra c te r is t ic  o d o u r 
o f  ru b b e r  la te x  w h e n  fre sh ly  
c u t .  T h e  t im b e r  is  w h it is h  
y e l lo w  in  c o lo u r  w h e n  
f re s h ly  s a w n  {green  w ood) 
a n d  t u r n s  p a le  c re a m  a f te r  
s e a s o n in g . U s u a l ly  g ro w th  
r in g s  a re  a b s e n t  o r  ill-de- 
fm e d  in  r u b b e r  w ood an d  
th e  g ro w th  r in g  lik e  s t r u c ­
t u r e  d isp la y e d  in  th e  c ro ss  
s e c tio n a l v iew  o f  th e  
t im b e r  a n ;  m e re ly  
fa lse  r in g s  w h ic h  a re  
fo rm e d  by th e  d i s t r i ­
b u t io n  p a t t e r n  o f r e ­
a c tio n  w ood ( te n s io n  
w ood) f ib re s  w h ic h  is 
a c h a r a c t e r i s t i c  
f e a r tu r e  o f  r u b b e r  
w ood  (F ig  1). T h e  
s a p w o o d  ( o u t e r  
w ood) is  n o t d iffe r­
e n t ia te d  from  h e a r t -  
w ood  ( in n e r  w ood) 
d u e  to  th e  la c k  o f 
d e p o s i t i o n  o f
p ig m e n te d  e x t r a n e ­
o u s  m a te r i a l s  t h a t  
u s u a l ly  o c c u r d u r in g  
th e  h e a r tw o o d  for- 
m  a tio n  o f  o th e r  h a rd ­
w ood  t im b e r  species .

P lea rtw o o d  fo rm a tio n  is  a 
lo n g te r m  a g e in g p ro c c s s  in 
w o o d  w e r e  t h e  r e s e r v e  
m e ta b o li te s  g e t  co n v e rted  
in to  p ig m e n te d  s u b s ta n c e s  
d u r in g  th e  c o u rse  o f n e c ro ­
b i o s i s  o f  s t o r a g e  c e l l s .  
T h o u g h  re se rv e  m e tab o lite s  
in  th e  fo rm  o f  so lu b le  s u g a r  
a n d  s ta r c h  e tc . a re  a b u n d a ­
n t  in  r u b b e r  w ood, th e  con ­
v e rs io n  o f  th e s e  m a te r ia ls  
in to  h e a r t  w ood s u b s ta n c e s  
d o es  n o t  t a k e  p lace  d u r in g  
th e  c o u rse  o f  i ts  econom ic 
life  s p a n  m a in ly  d u e  to  th e  
f a s t  g ro w in g te n d e n c y  o f th e  
t r e e .  H e n c e  h e a rtw o o d  fo r­
m a tio n  is  v i r tu a l ly  a b s e n t

Fig. 1. Rubber W ixxi D isc sh ow in g  natural colour 
and tension w ood  zon es (w hite 'w ooly' lu s ta is  
arcN) C lone - RRII 105.

in  ru b b e r  t r e e  a n d  th e  s to r ­
ag e  t is s u e  is  (1 Hod w ith  s o lu ­
b le  s u g a r  a n d  s ta r c h  w h ich  
in  t u r n  is  e a s i ly  a t ta c k e d  by 
b io lo g ic a l  a g e n t s .  E a r ly  
w ood a n d  l a t e  w ood d if fe r ­
e n t ia t io n  is  n o t  p o ss ib le  in 
ru b b e r  w ood ev en  th o u g h  
s ig n if ic a n t  s e a s o n a l  v a r i a ­
tio n  h a s  b e e n  re p o r te d  d u r ­
in g  th e  g ro w th  p h a s e  o f th e  
t r e e .  T h e  lo n g  a n d  c o n tin u ­
o u s  p e rio d  o f  c a m b ia l a c tiv ­
i ty  a s so c ia te d  w ith  th e  fa s t  
g ro w in g  n a tu r e  o f  th e  t i ’ee 
a lso  r e s t r ic ts  th e  fo rm a tio n  
o f  e a r ly / la te  w ood.

Anatomy of rubber 
wood

T h e  p ro p e r t ie s  t»f 
t im b e r  v a ry  a c c o rd ­
in g  to  th e  s t r u c tu r e  
a n d  c o m p o s itio n  of 
w ood  e le m e n ts  n l 
d i f f e r e n t  p l a i n s  
e v en  w ith in  a  t r e e .  
H e n c e , propei* a n d  
a c c u ra te  se le c tio n  o f 
t i m b e r  f o r  e a c h  
p u r p o s e  n e c e s s i ­
t a t e s  a  d e ta i le d  a n d  
t h o r o u g h  k n o w l ­
e d g e  a b o u t  i ts  a n a ­
to m ic a l  c h a r a c te r s  
a n d  a lig n m e n t  o f  t i s ­
s u e  a t  d i f f e r e n t  
p la in s .  M a cro sco p ic  
a n d  m ic r o s c o p ic  
e x a m i-  n a t io n  o f  
w ood s e c tio n s  a t  di f- 
f e r e n tp la in s  d isp la y



t h e  t h r e e  d i-  
m  e  n  s  i 0 n  a  1 
s t r u c t u r e  o f  
w ood a n d  o r ie n ­
t a t io n  o f  w ood 
e l e m e n t s  

(F ig . 2  - A ,B ,C )

R u b b e r  
w o o d  is  c o m ­
posed  o f  f ib re s  
(58% ), v e sse l e l­
e m e n ts  o rp o re s  
(8 .5% ),ax ia l pa- 
r  e  n c h  y  m  a 
( 1 1 .5 ^ a .  a n d  
r a y s  (2 2 % )an d  
a re  d is t r ib u te d  
in  d if fe re n t  p a t t e r n s  a n d  
p ro p o r t io n s  a s  in  ty p ic a l  
h a rd  w ood sp e c ie s . B h a t  ct 
(■//(1984) q u a n tif ie d  tlic  p ro ­
p o r tio n  nf w ood e le m e n ts  in  
ru b b e r  a n d  co n c lu d e d  t h a t

!>;. J  .*1 Ku l'l>«T  uiKS.1 .It tliiti-ri-ni plains
slKnvi^^ llit* of wihhI ek*nifiils.

A- Crtvss sectional v iew  show inj; the d istributioa o f pores.

B- Tan^enli.nl Longitudinal section (T. L. S) sh ow in g  the 
li>nKiludln»il vesse l lines, fibers etc.
C* Riidirtl Lon^iUuiin.il Si'Clion (R. L. S) sh ow in g  vi'ssel 
lines, fibers etc.

a rc  s q u a re  to  r c c ta n y u la r  
in  s h a p e  a n d  a re  a lig n e d  
ra d ia lly  in  t ra n s v e rs e  se c ­
t io n s , w ith  a n  avera^je w all 
th ic k n e s s  o f  3.5Mm. T h e  
w id th  o f  f ib e rs  ra n g e s  from
X9-27 }.im w ith  a n  a v e ra g e  

th e  p ro p o rtio n  o f  w ood  fi- v a lu e o f 2 2 p m ( S i lv a ,  1970; 
b rc s  is  m o d e r­
a te  in  c o m p a r i­
son  to  o th e r  fast 
g ro w in g  t im b e r  
sp cc ies .

F I B E R S  ;
F ib e rs  a r e  non- 
s e p ta te  a n d  b e ­
long  to  th e  m e ­
d iu m  g r o u p  
w i th  a n  a v e r ­
a g e  l e n g th  o f  
1 .1 -  1 .4  m m  
( A n o n y m o u s ,
1 9 5 6 ;B h a te ffl/,
1984; R e g h u  ct 
a l, 1989). T h e y

Fiy;. 3. M icroscopic Structure ('f Rubber w ood .

P - Pores (vessels). AP* Axial P.irenchyma b o n d s.,R -.\led u Ilory  
rays.,

TW - T ension \v(uhI zones, \ W  - N (’rmal w i'od  zones, T -T v lo s is

A n o n  y  m  6 u s . 
1956; R e g h u  ct 
a l,  1989). T h e  
f ib e rs  a r e  lig n i- 
f ied  o r  p a r t ia l ly  
l i g n i f i c d ,  d e ­
p e n d in g  on  th e i r  
lo ca tio n  in  th e  
n o rm a l a n d  t e n ­
s io n  wood zom* 
r  e  s  p e  c t  i v c 1 y . 
S t u d i e s  c o n ­
d u c te d  so  f a r  on 
th e d im iin s io n a l  
a s p e c ts  o f  f ib e rs  
re v e a le d  th e  s u ­
p e r io r i ty  (»rrul>- 

b e r  w ood a s  a  ra w  m a te r ia l  
for p u lp  in d u s try .

V e s s e l  E l e m e n t s :  'I’hc 
d in \ i s e * p o r o u s  n a t u r e  of 
r u b b e r  w ood is  c a u se d  l>y 
th e  d is t r ib u t io n  p a t t e r n  o f  
v e s se l  e le m e n ts  o r  p o re s  

( F ig .  3 ) . T h t ‘ 
s t r u c tu r e ,  a l ig n ­
m e n t  a n d  p ro p ­
e r t i e s  o f  p o ro s  
:ilso  d e te r m in e  
ih e e h e m ic a l  im ­
p r e g n a t io n  c a ­
p a c ity  o f r u b b e r  
w o o d  d u r i n g  
p r e s e r v a t i v e  
t r e a t  m e n 1 s  . 
T h e  v e s se ls  a re  
e v e n ly  d i s t r i b ­
u te d  a s  s o li ta ry  
o r  ra d ia l  m u l t i ­
p le s  o f  2 -3  Of 
r a r e l y  m o r e ,
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w ith  1-4 p o re s  p e r  
m m .T h e y a r c  m o d ­
e r a t e l y  In rf^c  to  
s m a l l ,  a n d  v e s se l  
m e m b e rs  a re  154- 
789  jjm  in  le n g th  
( m  e a  n  - 5 0 0 m  ) 
w i t h  a  d i a m e t e r  
r a n g in g  fro m  70  - 
2 2 4  ^ m  (m e a n -1 5 5  
Jim). T h e  lu m e n  o f 
th e  v e s s e ls  is  u s u ­
a lly  filled  w ith  b a l­
lo o n - l i k e  p a r e ­
n c h y m a to u s  s t r u c ­
tu r e s  c a lls  t y l o s i s .

O c c u r r e n c c  o f  
ty lo s is  is  a  c h a ra c ­
t e r i s t i c  f e a tu r e  o f 
r u b b e r  w o o d . T h e y  a r c  
fo rm ed  by  t l ie  in g ro w th  o f  
p a r e n c h y m a to u s  c e lls  t o ­
w a r d s  t h e  v c s s c ]  lu m e n  
th r o u g h  th e  p i t  c a v it ie s  o f  
U ie  v e s se l  w a lls  (Fig. 4)

T h e  p re s e n c e  o f  n u m ­
e ro u s  ty lo se s  in  w ood h a s  
c e r t a i n  p r a c t ic a l  s ig n i f i ­
can ce : th e y  a r e  h e lp fu l  in  
c h e c k in g  fu n g a l g ro w th  in ­
s id e  th e  w ood d u r in g  s to r ­
a g e  a n d  a lso  a ffe c ts  th e  p e r ­
m e a b ili ty  o fw ood  to  liq u id s . 
In  r u b b e r  w ood , th e  p r e s ­
e n c e  o f  ty lo se s  m a y  h a v e  
c e r ta in  a d v e rs e  e ffec ts  d u r ­
in g  p r e s e rv a t iv e  im p re g n a ­
tio n , a s  i t  b lo ck s  th e  free  
e n t r y  o f  w ood p re s e rv a t iv e s  
d u r in g  p ro c e s s in g . H o w ­

Fin- 4. Rubber wtxxi sectUm 
vessel lumen filled w ith Tvlfxes.

e v e r , a n  e x te n s iv e  s tu d y  on  
Uie n a tu r e  a n d  e x te n t  o f 
tyloR C S fo rm a tio n  in  ru b b e r  
w ood a n d  i ts  im p a c t on  p re ­
s e rv a t iv e  p e n e tra t io n  h a s  
n o t  b e e n  a s c e r ta in e d  so  fa r . 
I t  h a s  lo n g b e e n  p roved  t h a t  
a r t i f ic ia l  w o u n d in g a c ce le r-  
a tc s  ty lo se s  fo rm a tio n  in  
w ood. In  th is  c o n te x t i t  is  
r e a s o n a b le  to  b e liev e  t h a t  
ty lo s e s  fo rm a tio n  is  u n a ­
v o id a b le  in  ru b b e r  tre e  a s  
t a p p in g  fo r ru b b e r  la te x  is  a  
c o n tin u o u s  w o u n d in g  proc- 
e s s  w h ic h  in  tu r n  s t im u la ­
te s  th e  fo rm a tio n  o f  t)*loses. 
T a p p in g  o f  th e  t r e e  w ith o u t 
w o u n d in g th e  cam b iu m  a n d  
w ood  t is s u e  can  m in im ise  
th e  in te n s i ty  o f ty lo ses  fo r­
m a t io n  in  ru b b e r .

the

P A R E N C H Y M A  T I S ­
S U E  : A x ia l a n d  ra y  
p a r e n c h y m a  ( r a y s )  
ce lls  a r e  th e  p a re n c liy -  
m a to u s t i s s u e in  w ood. 
T h e y  a re  c o n s id e red  a s  
th e  so ft t i s s u e  w ith  th e  
m a in  fu n c tio n  o f  stoi*- 
in g  th e  r e s e rv e  m e ta ­
b o lite s . T h e  ax ia l p a ­
re n c h y m a  is  ap»)tra- 
c h e a l a n d  b a n d e d  w ith  
u n d u l a t i n g  l i n e s .  
S c a n ty  p a r a t r a c h e a l  
p a re n c h y m a  a re  a lso  
fo u n d  in  a s s o c ia tio n  
w ith  v e s se l e le m e n ts . 
T h e  r a y s  a r e  h e te n ig e -  
n e o u s ,  u n i  to  i ) e n ta  

s e r ia te .  B o th  a x ia l  a n d  r a y  
ce lls  o ccas io n a l ly h av e  c ry s ­
ta l  d e p o s its .

A n  in c re a s e  in  th e  p r o ­
p o rtio n  o f  so ft t is s u e  in wood 
w ill re d u c e  i ts  d e n s ity  a s  a 
w ho le . In  r u b b e r  w ood, th e  
h ig h e r  p e rc e n ta g e  o f so ft  
t i s s u e  (33 .5% ) re f le c ts  i ts  
l i g h t  h a r d w o o d  n a t u r e .  
M o reo v e r, u n ik e  in  o th e r  
d u r a b le  h a rd w o o d  sp e c ie s  
th e  so ft t i s s u e s  in  ru b b e r  
w ood a re  filled  w ith  r e s e rv e  
m e ta b o li te s ,  e sp e c ia lly  in 
th e  fo rm  o f  so lu b le  s u g a r  
a n d  s ta r c h  w i th o u t  a n y  co n ­
v e rs io n  in to  h e a r tw o o d  s u b ­
s ta n c e s ;  h e n c e , i t  is  v e ry  
s u s c e p tib le  to  th e  a t ta c k  o f  
b io lo g ica l a g e n ts  in  n a tu r a l  
c o n d itio n s . T h is  d e m e r i t  o f
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r u b b e r  w ood  is  t h e  m a jo r  
b o t t le n e c k  fo r  i ts  w id e  u t i l i ­
z a tio n  fo r v a rio u s  in d u s tr ia l  
a p p lic a t io n s  w ith o u t  p re s ­
e rv a t io n  t r e a tm e n t .

Tension wood

T e n s io n  w ood is  c o n s id ­
e re d  a s  a  n a tu r a l  d e fe c t o r  
a n  a b n o rm a l s t r u c tu r e  of 
w ood, w h ic h  p la y s  a n  ac­
t iv e  ro le  in  th e  n o rm a l a r ­
c h i te c tu ra l  d e v e lo p m e n t o f 
a  t re e . T h e  d e g re e  o f  m o d i­
f ica tio n  o f  w ood s t r u c tu r e  
in v o lv ed  in  te n s io n  wood 
fo rm a tio n  is  e x tre m e ly  v a r i ­
a b le  w i th in  th e  sa m e  s p e ­
c ies a n d  b e tw e e n  t r e e  sp e ­
c ie s . T h e  fo rm a tio n  o f  t e n ­
s io n  w ood is  a  com m on  p h e ­
n o m en o n  in  r u b b e r  tre e  an d  
i ts  d is t r ib u t io n  is  n o t r e ­
s tr ic te d  to  a  sp e ­
c ific  z o n e  o f  th e  
a x e s  u n l i k e  in  
o t h e r  h a r d w o o d  
sp e c ie s  w h e re  i ts  
fo rm a tio n  is  u s u ­
a lly  l im ite d  to  th e  
u p p e r  s id e  o f  th e  
le a n in g  s te m  a n d  
b r a n c h e s .  W h e n  
th e  t r e e  is  fe lled  
a n d  f re s h ly  c ro ss ­
c u t ,  t h e  t e n s io n  
w o o d  z o n e s  a r c  
c le a rly  v is ib le  even , 
to  n a k e  e y e  a s  
w h ite  ‘w oo lly ’ lu s ­
t ro u s  b a n d s  o r  a rc s  
fF ig  1).

T h e  p ro p o rtio n  o f  t e n ­
s io n  w ood in  ru b b e r  v a r ie s  
fro m  p o s it io n  to  p o s it io n  
w ith in  a  t r e e  a s  w ell' a s  b e ­
tw e e n  t re e s  (V ije n d ra  R ao, 
1983) d e p e n d in g  o n  t h e  in ­
f lu e n c e  o f  th e  e m a ro n m e n -  
t a l  fa c to rs  w h e re  i t  g row s. 
T h e  p ro p o rtio n  o f te n s io n  
w ood is  g ra d u a lly  in c r e a s ­
in g  fro m  th e  b a s e  to  to p  o f 
t h e  t r e e  t r u n k  w ith  a  r a n g e  
o f  1%  to  36%  (R e g h u  e t a l, 
1989), w h ile  i t s  r a n g e  in  
s a w n  p la n k s  v a rie s  b e tw e en  
15% to  65%  (S h a rm a  a n d  
K u k re ti ,  1981). S t r u c t u r ­
a lly  te n s io n  w ood d iffe rs  
fro m  n o rm a l w ood in  m a n y  
o f i t s  p ro p e r t ie s  a n d  m o s t  o f  
th e s e  d ifferences a re  m a in ly  
a s so c ia te d  w ith  th e  s t r u c ­
tu r e  o f  w ood fib e rs . T e n s io n

KdLKAi. n m C t L h T l M O U S  n » K

w ood f ib e rs  a r e  sp e c ia liz ed  
f ib e rs  k n o w n  a s  g e l a t i n o u s  
f i b e r s  ( G - f i b e r s ) .  T h e  
th i r d  la y e r  o f  th e  s e c o n d a ry  
w a l l  o f  G - f ib e r s  is
u n l i g n i f l e d  a n d  m a d e  u p  
o f  c r y s t a l l i n e  c e l lu lo s ic  
m ic ro fib rils  w h ic h  g iv e  i ts  
c h a r a c te r i s t i c  g e la t in o u s  
n a t u r e .  H e n c e , t h e  w a ll  
s t r u c tu r e  o f  G -fib e rs  (F  . 5) 
in  r u b b e r  w oodi is  
P + S 1 + S 2 + S 3 (G )  w heife P  ■ 
p r i m a r y  w a l l  ( lig n iiiie H ); 
S 1 ,S 2  > f i r s t  a n d  s e c o n d  
l a y e r s  o f  t h e  s e c o n d a r y  
w a i t s  d i g n i f i e d ) ;  a n d  S 3  
( O ^ t h i r d l a y c r o f  t h e  s c c -  
o n d a r y  w a l i i  ( u n l i ^ -  
n i f i c d  a n d  g c lU tin o v is ) .

'Wood w orking and 
seasoning problem s 
due to  tension  wood

T h e  a b n o r m a l  
s t r u c tu r e  a n d  pecu- 
l i a r  p r o p e r t ie s  o f 
g e l a t i n o u s  f ib e r s  
w ill m a k e  te n s io n  
w ood, a  n a tu r a l  d e ­
fec t, c a u s in g  v a r i ­
o u s  w ood w o rk in g  
a n d  s e a s o n i n g  
p ro b le m s  a s  m e n ­
tio n e d  below :-

Fij;. 5. Dingrnmm atic represc’nl<Ttion o f the orpanis.i- 
tUm o f fibre w alls in normal and tension w o o d  fibres 
in rubber w ood .
P - Primary w all SI, S2, S3 - Secondary w all layers 
(lignified) S3(C) - Tliird layer o f the secondary w all 
(unlignified gelatinous layer) o f  tension w ood  fibre.

W h ile  c u t t in g  
a n d  sa w in g , th e  G- 
l a y e r  o f  t e n s i o n  
wood fib e rs  te n d s  to  
d o tn ch  fro m  th e  ad - 
j a c e n t  s e c o n d a r y



w a l l  a n d  f r e q u e n t l y  
fo rm s  c o n v o lu te d  m a s s e s  
in  th e  f ib e r  lu m e n , o r  is  
e je c te d  o u t  from  th e  l u ­
m e n  e s p e c ia lly  w h e n  th e  
p la n k s  a r c  s a w n  a t  r a ­
d i a l  a n d  t a n g e n t i a l  
p l a n e s  w h ic h  in  t u r n  
s t ic k s  to  t h e  saw  b la d e  
a n d  d i s t u r b s  t h e  f r e e  
m o v e m e n t o f  th e  sa w .

#  A s th e  G - la y e r  is  r ic h  in  
m o i s t u r e  c o n te n t  a n d  
la c k s  l ig n in , lo n g itu d in a l  
s h r i n k a g e  o f  t e n s i o n  
w ood  is  s e v e r e  d u r in g  
s e a s o n i n g  a n d  c a u s e s  
u n c o n t r o l l a b l e  d i s t o r ­
tio n .

M a jo r  s e a s o n in g  d e fe c ts  
c a u se d  b y  te n s io n  w ood 
a r c  w a r p i n g  in  th e  fo rm  
o f  tw is t in g , b ow ing , c u p ­
p in g  a n d  c o lla p s e  e tc . 
w h ic h  in  t u r n  r e s u l ts  in  
d im e n s io n a l  in s ta b i l i ty  
o f  s a w n  p la n k s .

€  T e n s io n  w ood  zo n e  a l ­
w a y s  d e p ic ts  a  ro u g h  s u r ­
face  w h ile  p la in in g  a n d  
f in is h in g  a n d  m a k e s  th e  
e n d -p ro d u c ts  le s s  a t t r a c ­
tiv e .

A s r u b b e r  w ood h a s  a  
h i g h  c o n t e n t  o f  t e n s i o n  
w o o d , i ts  w ood  w o rk in g  a n d  
s e a s o n i n g  p r o b le m s  a r e  
u n c o n tro l la b le  a n d  u n p r e ­
d ic ta b le . T o  e v a lu a te  a  t r e e

a s  a  p o tc n s ita l  sou rce  o f t im ­
b e r  fo r v a r io u s  e n d  u s e s , 
th e  n a tu r e ,  p ro p o rtio n  a n d  
p ro p e r t ie s  o f  te n s io n  w ood 
in  ru b b e r  w ood h a v e  to  be 
t a k e n  in to  a c co u n t. A vo id ­
in g  te n s io n  w ood fo rm a tio n  
in  r u b b e r  t r e e  is  n o t p o ss i­
b le , b u t  to  co n tro l i ts  d e le te ­
r io u s  e ffec ts  is  e s s e n t ia l .  
H e n c e , a  v e rs a t i le  u t i l iz a ­
tio n  o f  ru b b e r  w ood fo r in ­
d u s t r ia l  a p p lic a tio n s  n e e d  
re - in v e s tig a tio n , r e t l i in k in g  
a n d  c o -o rd in a te d  r e s e a rc h  
a c tiv itie s , fa ilin g  w h ic h  t e n ­
s io n  w ood p ro b lem  w ill r e ­
m a in  a s  a  s e r io u s  ‘w oody’ 
p ro b lem  in  ru b b e r  w ood in ­
d u s try .

D cfec ts  of rubber  
wood

T h e  d e fec ts  o r d e m e r its  
o f  ru b b e r  w ood can  be g e n ­
e ra l ly  g ro u p ed  in to  th re e ,
(i) b i o lo g i c a l  d c f e c t s ,  (ii), 
N a t u r a l  d e f e c t s ,  a n d  (iii), 
s e a s o n i n g  o r p r o c e s s i n g  
d e f e c t s .  B io log ica l d e fe c ts  
a r e  c a u s e d  b y  b io lo g ic a l 
a g e n ts  s u c h  a s  fu n g i, i n ­
se c ts  (b o re rs  a n d  b e e tle s ) , 
te r m ite s  a n d  m a r in e  o rg a n ­
is m s  w h ic h  can  e a s i ly  be 
c o n tro lle d  by  a d o p tin g  p e r ­
fec t p re s e rv a t iv e  t r e a tm e n t  
sc h e d u le s . N a tu ra l  a n d  s e a ­
s o n in g  d e fec ts  a re  m a in ly  
d u e  to  th e  o c cu rren ce  o f  t e n ­
s io n  w ood fo r w h ic h  a  p e r ­

fec t c o n tro l m e a s u r e  is  y e t  
to  be d ev e lo p ed . In  a d d it io n  
to  th e  above , c e r ta in  o th e r  
m in o r  d e fe c ts  a re  com m on  
in  r u b b e r  w ood w h ic h  a re  
fo rm e d  e i th e r  n a tu r a l ly  o r  
a r t i f i c ia l ly  a s  m e n t io n e d  
below

K N O T S . T h e  le f t  o v e r 
p o r t io n  o f  t h e  b r a n c h e s  
p r e s e n t  in  th e  m a in  t r u c k  
a f te r  c u t t in g  th e  b ra n c h e s  
a re  c a lle d  k n o ts , h i  r u b b e r  
w ood  k n o ts  a r e  n o t  so  p r e ­
d o m in a n t  a n d  h e n c e  i t  is  
n o t  a  s e r io u s  d e fec t.

T A P P I N G  W O U N D .
T a p p in g  is  a  p ro c e s s  w h ic h  
in v o lv e s  c o n tro lle d  w o u n d ­
in g  a n d  exc is ion  o f  b a rk  t i s ­
su e . T h e  w o u n d in g  c a u s e s  
by  ta p p in g  le a v e s  r e s id u a l  
b a rk  above  th e  c a m b iu m . 
B y  u n s c ie n tif ic  a n d  c a re ­
le s s  ta p p in g , th e  t a p p in g  
k n ife  h a p p e n s  to  in ju r e  th e  
c a m b ia l ce lls  a n d  e v e n  th e  
w ood t is s u e  c r e a te s  p e r m a ­
n e n t  m a r k s  k n o w n  a n  t a p ­
p i n g  m a r k s  o r  t a p p i n g  
w o u n d s  a s s o c ia te d  w i th  
c a llu s  fo rm a tio n . T h e  in ­
ju r e d  w ood p o r tio n  b cco m c s  
d e fe c tiv e  a n d  d isc o lo u re d . 
T h is  a r t i f ic ia l  m a n -m a d e  
d e fe c t o f  r u b b e r  w ood  is  m o ­
r e  co m m o n  in  r u b b e r  p l a n ­
t a t io n s  w h e re  u n s c ie n t if ic  
t a p p in g  is  a d o p te d . In  p ly ­
w ood a n d  v e n e e r  in d u s t r y



th e s e  ta p p in g  m a r k s  in  r u b ­
b e r  w ood c re a te s  s e r io u s  
p ro b le m s  a n d  th e r e b y  th e  
rec o v e ry  lo s s  is  v e ry  h ig h .

T A P E R . T h e  re d u c t io n  
in  th e  d ia m e te r  o f th e  tre e  
t r u n k  o r  lo g  fro m  b a s e  u p ­
w a rd s  is  te rm e d  a s  ta p e r  
w h ic h  is  c o n s id e re d  a s  a  
defec t w h e n  th e  conical form  
is  p ro n o u n c e d . T h e  e x te n t  
o f  t a p e r  v a r ie s  w ith  th e  ag e  
o f  th e  t r e e ,  in f lu e n c e  o f  e n ­
v i r o n m e n ta l  f a c to r s  a n d  
c u ltu ra l  o p e ra tio n s . R u b b e r  
t r e e s  r a is e d  fro m  se e d lin g  
p o p u la t io n  sh o w  a  s l ig h t  
t a p e r in g  o f t r u n k  fro m  b a se  
to  to p  w h e re a s  b u d g ra f te d  
t r e e s  a lw a y s  p ro d u c e  cy lin ­
d r ic a l  t r u n k s .  H c n c e  th e  
v o lu m e  e s t im a t io n  o f  logs 
from  s e e d lin g  t r e e s  is  im ­
p re c ise  u n le s s  m a n y  d ia m ­
e t e r  m e a s u r e m e n t s  a r e  
m a d e  a lo n g  th e  le n g th  o f  
th e  log. T h o u g h  t a p e r  c re ­
a te s  c e r ta in  p ra c t ic a l  p ro b ­
lem s d u r in g  s ta c k in g , t r a n s ­
p o r tin g , a n d  s a w in g  o f  t im ­
b e r  in  g e n e ra l ,  i t  is  n o t  r e ­
p o r te d  a s  a  s e r io u s  p ro b le m  
in  r u b b e r  w ood.

Conclusion
T h e  m a jo r  l im ita t io n s  o f 

r u b b e r  w ood fo r i ts  w id e  
in d u s t r ia l  a p p lic a t io n s  a re  
i t s  h ig h  s u s c e p t ib i l i ty  to  
in s e c t  a n d  fu n g a l  a t t a c k  
(b io log ica l d e fe c ts )  a n d  i n ­

c id e n c e  o f  te n s io n  w ood  
( n a tu r a l  defec t). S u b s t i tu t ­
in g  ru b b e r  wood in  p la c e  of 
t h e  d e p le tin g  q u a l i ty  t im ­
b e r  re so u rc e s  n e c e s s i ta te s  
th e  im p ro v e m e n t o f  i t s  q u a l- 
i t y  a n d  d u r a b i l i t y .  T h e  
s t r u c tu r a l  a n d  a n a to m ic a l 
c h a r a c te r is t ic s  o f  r u b b e r  
w ood e n a b le  th e  p e n e t r a ­
t io n  a n d  Im p re g n a tio n  ca ­
p a c ity  of wood p re se rv a tiv e s  
to  p ro te c t  from  bio logical 
d e te r io ra tio n . B u t th e  n a ­
tu re ,  s tru c tu re , d is tr ib u tio n  
a n d  th e  e x te n t  o f  te n s io n  
w ood fib e rs  a d v e rse ly  a ffec t 
t h e  p h y s ic a l , m e c h a n ic a l  
a n d  s e a s o n in g p ro p e r tie s  of 
ru b b e r  w ood to  a  g re a te r  
e x te n t ,  fo r w h ich  a p e rfe c t 
c o n tro l  m e a s u re  h a s  n o t  
b een  deve loped  so  fa r . A s 
th e  im p a c t of te n s io n  wood 
o n  v a r io u s  a p p lic a tio n s  o f 
r u b b e r  wood is u n p re d ic t­
a b le , a  c o m p reh es iv e  sc ie n ­
tif ic  a p p ro a c h  to  q u a n tify , 
a s c e r t a i n  a n d  s o lv e  t h e  
p ro b le m s  a s so c ia te d  w ith  
te n s io n  wood fo rm a tio n  in  
ru b b e r  tre e  is  e s se n tia l  from  
a  lo n g  te rm  p e rsp e c tiv e .

References.

Anonymous. 1956. Rubber wood 
;\s a raw material for paper 
pulp or building m aterial. 
P la n ter 's  Bulle tin . Rubber 
Research Instiltile o f  Malay­
sia. 23 •. pp. 58-63.

B ossh n rd , H.H 1966. Nolos or. 
the Biology of He.'irtwood For­
mation. JAWA N ew s  B u lle ­
tin ,  l:pp. 11-14.

B h a t, K.M ., B h a t. K.V. and  
Damodaran,T.K. 19.‘̂ 4.Somf- 
Wood and Bark propftrtirs of 
Hcvea brasilienKix. J o u r n a l  
o f  Tree  Sciences.  J82.pp. 40- 
46.

R cg h u , C.P. P rem ak u m ri, D. 
a n d P a n ik k a r , A.O.N.
Wood Anatomy of llcvvn hro' 
siliensis fWilld. Ex. ADIf DK. 
J U S S ) . I .  Di. îtrihti- 
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