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Natural rubber is obtained from the bark of Hevea brasiliensis. Both virgin and renewed bark are exploited for this 
purpose by a process known as tapping which involves controlled wounding and excision of bark tissues. The process 
of bark renewal and its nature and consequences thus assume importance. Anatomical and histochemical changes 
encountered with tapping were the deposition of lignin and suberin in the peripheral cells, enlargement of ray cells 
near the cut surface and the formation of a wound periderm. In the course of development, the wound phellogen made 
tangential continuity with the original phellogen in the virgin bark and functioned as a single phellogen. Vascular 
cambial activity was enhanced due to wound stimulus and the newly differentiated sieve tubes and ray cells were larger 
in size. The first periderm was functional for only a short period of time, after which a new meristematic zone 
developed in the inner tissues. Virgin and renewed bark differed in the proportion of soft and hard bark, amount and 
distribution of sclereids, tannin cells and crystals.
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I N T R O D U C T I O N

T h e  p a ra  ru b b e r  tree  [Hevea brasiliensis (W illd . ex A dr. de 
Juss.) M uell A rg .] is exp lo ited  com m ercia lly  fo r  la tex , from  
w hich  n a tu ra l ru b b e r  is recovered . L a tex  is tap p ed  over a 
pe rio d  o f  a b o u t 25 years by  sys tem atic  excision  o f  th e  
ex te rn a l tissue o f  th e  tru n k , w hich co n ta in s  th e  a rticu la ted  
b ran ch ed  latic ifers (B obilioff, 1923; G eo rge  e t a l ,  1980; 
H e b a n t a n d  F ay , 1980; G om ez , 1982; R u d a ll, 1987). O n 
each  ta p p in g  a th in  shav ing  o f  th e  b a rk  is rem oved  leaving 
th e  cam b iu m  a n d  a  th in  p o r t io n  o f  th e  in n e r b a rk . T h e  b a rk  
th u s  exposed  b u t left unsevered  is te rm ed  res idua l b a rk  and  
is in s tru m en ta l in  th e  healing  process, rep lacem en t o f  the 
lo s t tissues a t  th e  site  o f  in ju ry  an d  p rog ressive  increase  in 
th ickness. T h e  im m ed ia te  effect o f  w o u n d in g  is a  sh rinkage 
in  the  o u te rm o st cells o f  th e  b a rk  o n  th e  w o u n d ed  su rface 
due  to  ru p tu r in g  (P a n ik k a r , 1974). T hese superfic ial cells 
u n d erg o  necrosis d u e  to  th e  d ep o sitio n  o f  lignin  an d  suberin  
in  o rd e r  to  check  th e  en try  o f  p a th o g en s  a n d  th e  loss o f  
w a te r from  th e  deU cate in te r io r  tissues (L ipetz . 1970). Som e 
o f  th e  h y p o d erm al layers b en ea th  th e  c u t su rface becom e 
en la rged  a n d  d iv ide in  ir reg u la r p lanes. T he d iv isions 
becom e o rien ted  para lle l to  th e  cu t su rface an d  th is 
m eris tem atic  layer s ta r ts  fu n c tio n in g  as th e  phellogen  in  th e  
p rocess o f  b a rk  regenera tion .

T h e  reg en era tio n  o f  b a rk  is o f  h igh  p rac tica l value in 
H . brasiliensis since th e  renew ed b a rk  is a lso  exp lo ited  
com m ercia lly  fo r  la tex  ex trac tio n  in  th e  u su a l cycle 
(P aa rd ek o o p e r, 1989; P rem ak u m ari an d  P a n ik k a r , 1992). 
T he p re sen t s tu d y  o n  b a rk  reg en era tio n  w as ca rried  o u t 
since there  is a  lack  o f  de ta iled  s tu d y  re g a rd in g  th is aspect.

M A T E R I A L S  A N D  M E T H O D S

T he o b se rv a tio n s  w ere m ad e  o n  trees o f  c lone  R R II  105 o f
H . brasiliensis. F ive  trees w ere ran d o m ly  chosen  fro m  a 
c lone tr ia l la id  o u t in  1979 a n d  u n d e r ex p lo ita tio n  since 1987 
o n  a  |S  d /2  6 d /7  (h a lf  sp ira l a lte rn a te  da ily  tap p in g  w ith  1 d 
tap p in g  res t in  a w eek) system  o f  tap p in g , a t  th e  C en tra l 
E xperim en t S ta tio n  o f  th e  R u b b e r  R esearch  In s titu te  o f  
In d ia  (C h eth ack a l, P a th a n a m th itta  D t., K e ra la  S ta te , Ind ia). 
T he first set o f  b a rk  sam ples w ere co llec ted  o n  the  d ay  o f  
tap p in g  a fte r cessa tion  o f  la tex  flow. T he o b se rv a tio n a l trees 
w ere n o t ta p p e d  fu r th e r  to  fac ilita te  th e  study . S ub sequen t 
sam ples w ere co llected  a t 1 d  in tervals u p  to  day  4, 5 d  
in tervals u p  to  30 d  an d  a t 15 d  in te rva ls  u p  to  120 d o f  
tapp ing . T h e  la s t tw o  sets o f  sam ples w ere co llec ted  a fte r 
150 an d  180 d  o f  tapp ing .

Sam ples w ere collected  in  such  a  w ay th a t  they  rep resen ted  
th e  v irg in  b a rk , the severed su rface a n d  the  res idua l b a rk  left 
u n c u t u n d e r d ifferen t p e rio d s  o f  regenera tion . Sam ples w ere 
fixed in  fo rm alin -ace tic  ac id  (F A A ) a n d  para ffin  b lo ck s w ere 
p rep a red  a f te r  d eh y d ra tio n  th ro u g h  g rad ed  series o f  T B A  
(Jo h an sen , 1940). S erial m icro to m e sections o f  8 - 1 0 /^m 
w ere c u t in  th ree  p lanes , i.e. tran sverse , tan g en tia l long i­
tu d in a l a n d  rad ia l lo n g itu d in a l a n d  s ta ined  w ith  S a fran in  
0 -F a s t  G reen  F C F  fo r genera l h isto logy . T h e  h is tochem ical 
s ta in s  u sed  w ere : pe rio d ic  ac id -S ch iffs ' reag en t (Jensen, 
1962) fo r  to ta l po ly sacch arid es; p h lo ro g lu c in o l-H C l 
(Jensen , 1962) fo r lig n in ; tan n ic  a c id -fe rr ic  ch lo ride  
(Jo h an sen , 1940) fo r  ta n n in ; A niline B lue (O ’B rien  and  
M cC ully , 1981) fo r ca llose a n d  H jSO ^ (G a h a n , 1984) fo r 
suberin . O b serva tions an d  p h o to m ic ro g ra p h s  w ere taken  
b o th  u n d e r ligh t an d  epi-fiuorescence m icroscopy .
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F ig . 1. R esidual bark  on  th e  d ay  o f  tapping. A rrow  indicates w ound  cells a t the cu t surface, x  158. R , R ay  cell. 

F ig . 2. F luorescen t p h o tom icrog raph  o f  lignified cells a t the site o f  injury, x  158. L, L ignin.

F ig . 3. Enlarged ray cells (at arrows) below the wounded surface, x  158. R, Ray cell.



R E S U L T S

T h e  w o u n d in g  cau sed  by ta p p in g  leaves the  p eriphera l cells 
o f  th e  severed su rface  exposed . T hese  cells o n  the  residual 
b a rk  so o n  becom e em p ty  (F ig . 1) a n d  necro tic . O ne day 
a fte r  ta p p in g  dep o sitio n  o f  callose w as observed  in  th e  
p e rfo ra tio n s  o f  th e  sieve e lem ents a d jac en t to  th e  w ou n d . 
S uberin  a n d  lign in  (F ig . 2) w ere fo u n d  d eposited  in  the 
in ta c t cells m o stly  a lo n g  th e  su rface  from  d ay  2  o n w ard s  in 
a p rogressive  m a n n e r  a n d  th ree  to  fo u r  such  layers are  
fo rm ed . L ign ifica tion  w as n o ticed  in  all types o f  cells, 
inc lud ing  laticifers.

N e a r  th e  c u t end  th ree  to  fo u r  layers o f  ray  cells en larged  
(F ig . 3), th e  m ax im um  size being a tta in e d  o n  day  3 o f  
tap p in g . E n la rg em en t o f  th e  ray  ceils w as a t rig h t ang les to  
its n o rm a l o r ie n ta tio n  (F ig . 4). S om e o f  th e  p arenchym a 
cells a n d  ray  cells a t d ifferen t loci, s itu a ted  five to  seven 
layers o f  cells b en ea th  th e  c u t su rface , becam e m eristem atic . 
T h e  cells w ere th in  w alled  w ith  p ro m in e n t spherica l nuclei a t 
th e  cen tre . C ells d iv ided  peric lin ically  o r  ob liquely  (F ig . 4) 
from  d ay  3 o n w a rd s  an d  d ay  4 u p  to  fo u r  d iv isions w ere 
n o ticed  in  th e  ra y  cells. D iv id ing  cells a t  d ifferen t loci h ad  
th e  tendency  to  u n ite  tan g en tia lly  to  fo rm  a m o re  o r  less 
c o n tin u o u s  w avy w o u n d  p erid erm , w h ich  w as observab le  in 
th e  sam ples co llec ted  o n  d ay  10 a f te r  ta p p in g  (F ig . 5). R ay 
p a ren ch y m a a n d  ax ia l p a ren ch y m a  (inc lud ing  ta n n in  filled) 
w ere c o n tr ib u to rs  to  th e  fo rm a tio n  o f  w o u n d  periderm . T he 
w avy n a tu re  o f  th e  w ound  p erid erm  w as due  to  th e  ir reg u la r 
n a tu re  o f  th e  w o u n d  su rface . W o u n d  phellogen  u n ited  w ith 
th e  o rig in a l phellogen  in  th e  v irg in  b a rk  a n d  functioned  
m o re  o r  less as a  single m eris tem atic  zone. W o u n d  periderm  
consisted  o f  phellogen , phellem  to w ard s  the  ex te rio r and  
pheJJoderm  to w ard s  th e  in te rio r, an d  the  cells w ere regu larly  
a rran g ed  in  a  rad ia l d irec tio n  (F ig . 5). T h e  rad ia l a r ­
ran g em en t o f  th e  cells in d ica ted  th e  freq u en t tan g en tia l 
d iv ision  o f  th e  phellogen . S om e o f  th e  phellogen  cells 
possessed  ta n n in  an d  th e  d a u g h te r  cells p ro d u ced  w ere also 
observed  to  be filled w ith  ta n n in  (F ig s 5 an d  6). P helloderm  
cells h a d  cellu losic w alls in  th e  in itia l stage b u t in  a  la te r 
stage, m an y  o f  th em  becam e lignified to  fo rm  g rouped  
sclereids (F ig . 7).

W o u n d in g  en h an ces cam b ia l ac tiv ity , w hich w as ev iden t 
from  th e  b a rk  sam ples co llec ted  2 -3  w eeks a fte r  tap p in g . 
C am b ia l d eriva tives  w ere p ro d u ced  in  la rge  n u m b ers  an d  
co u ld  be  seen  as a  d is tinc t zone . In  these cells the 
d iffe ren tia tio n  w as in itia ted  a f te r  a b o u t 1 w eek. Sieve tubes 
w ere m ore  p ro m in en t due  to  th e ir  la rger size th an  the 
rem ain ing  cells (F ig . 8). N ew ly d iffe ren tia ted  sieve tu b es  in 
th e  reg en era ted  b a rk  h a d  a  la rger d iam e te r th a n  those  
p ro d u ced  from  th e  cam b iu m  in  the  u n cu t area . In  the 
sam ples co llec ted  a f te r  150 a n d  180 d  o f  tap p in g , th e  
n u m b e r o f  u n d iffe ren tia ted  cam b ia l d eriva tives w as m inim al. 
T he d iffe ren tia ted  ray  cells w ere th in  w alled  an d  w ider.

Som e o f  th e  p a ren ch y m a  cells ad jacen t to  th e  cam b ia l zone 
possessed  s ta rch  g ra in s (F ig . 8). L atic ifer in itia ls  cou ld  be 
fo u n d  close to  th e  sieve tu b es (F ig . 8).

A s th e  b a rk  u n d erw en t reg en era tio n  m o re  a n d  m ore  
tissues w ere p ro d u ced  by b o th  th e  c o rk  a n d  th e  vascu lar 
Gambia. T h e  o rig in a l w o u n d  phellogen  w as fu n c tio n a l only  
fo r a  sh o rt p e rio d  a f te r  w h ich  a  new  phellogen  ap p ea red  in  
th e  so ft b a rk  (F ig . 7). T h is  layer co u ld  be  observed  a fte r  a 
p e rio d  o f  4 -5  m o n th s  o f  tap p in g . In  th is  case  a lso , som e o f  
th e  p a ren ch y m a  cells in  th e  m idd le  reg ion  o f  th e  soft b a rk  
becam e en la rged  an d  m eristem atic  an d  th e  d iv id ing  cells 
a t d ifferen t loci u n ited  to  fo rm  a  second  periderm . T he 
phellogen  o f  th is layer p ro d u ced  tissues cen tripe ta lly  an d  
cen trifugally  as th e  p rev ious one. M a n y  o f  th e  phelloderm  
cells w ere lignified to  fo rm  sclereids (F ig . 7). In  sam ples 
co lI« :ted  from  5 m o n th  regenera ted  b a rk , th e  deve lopm en t 
o f  th e  d eep er pe rid e rm  w as observed  in  the  m idd le  p a r t  o f  
th e  so ft b a rk , w hile in  the  v irg in  b a rk  th e  second  periderm  
w as fo und  in  th e  so ft b a rk  q u ite  aw ay  fro m  th e  cam bium . 
B ecause o f  th e  fo rm a tio n  o f  an  in n e r periderm , th e  tissues 
ou ts ide  th is  lay e r becam e function less. T h e  first periderm  
w as p u sh ed  to  th e  p e rip h e ry  a n d  la te r  it  developed  shallow  
fissures an d  w as sloughed  off. T h e  cells a t  th e  reg ion  w here 
the  b a rk  peeled o ff  w ere heav ily  suberized  (F ig s 9 a n d  10) 
an d  lignified. T h e  a m o u n t o f  p h e llo d e rm  w as larger 
in the  renew ed b a rk  w hen  co m p ared  w ith  th e  virg in  
b a rk .

B o th  v ascu la r a n d  c o rk  cam b ia  w ere invo lved  in  the 
reg en e ra tio n  o f  vertically  w o u n d ed  surfaces a n d  th e  ra te  o f  
renew al w as m ore  in co m p a riso n  w ith  th e  ho rizo n ta lly  
w o u n d ed  a rea , w here th e  m a jo r  c o n tr ib u tio n  w as fro m  the 
la te ra l co rk  cam b ium . In  th e  h o rizo n ta l a re a , c o rk  cam b ium  
w as Jess ac tive  an d  p ro d u ced  fo u r  to  five layers o f  phellem . 
aga in s t 10-15 layers in th e  vertica l surfaces (F ig . 11). In the 
reg ion  w here vertica l a n d  h o rizo n ta l cu ts  u n ited , the  cells 
w ere cru sh ed  an d  th e  n o rm a l o r ie n ta tio n  w as d is tu rb ed  
(Fig. 11).

V irg in  a n d  renew ed b a rk  show ed ce rta in  s tru c tu ra l 
d issim ilarities. T he soft b a rk  in th e  reg en e ra ted  a reas  w as 
th ick e r an d  th e  sclereids w ere delim ited  to  th e  periphery . 
G ro u p s  o f  sclereids in  th e  h a rd  b a rk  w ere irregu la rly  
a rran g ed  (F ig . 7) an d  its in tensity  w as m o re  in  th e  renew ed 
bark . E ach  g ro u p  possessed  12-16 sim ple o r  b ran ch ed  
p itied  sclereids (F igs 7 an d  9), o f  w hich m an y  h ad  tan n in  
co n ten ts  o r  c ry s ta ls  o f  rh o m b o id  o r  d ru se  types. A b u n d an ce  
o f  th e  sclereids d iso rgan ized  ph lo em  ray s  a n d  increased  the 
d e s tru c tio n  o f  la tic ifer rings. A n o th e r  n o tab le  asp ec t w as 
the occu rrence  o f  ta n n in  in  cells, w hich  w ere m o re  in  the 
o u te r  reg ion  o f  th e  renew ed b a rk . T a n n in  c o n te n t w as 
observed  in  th e  ray s  an d  ax ial paren ch y m a cells. In  the 
v irg in  b a rk  ta n n in  cells w ere fo u n d  sca tte red  singly o r  in 
sm all g ro u p s  (F ig . 1), m ain ly  ad jacen t to  th e  laticifers. 
D ep o sitio n  o f  c ry s ta ls  a lso  w as g rea te r in  th e  v ascu la r rays

F i g . 4. Axial parenchyma and ray cells showing periclinal divisions. x225. P, Axial parenchyma; R, ray cell; T, tannin cells.
F ig . 5. W ound  periderm . x225 . T . T ann in  cells.

F ig . 6. Phellem  w ith radially  arranged  tan n in  cells, x  158.

F ig . 7. T ransection  o f  regenerated  bark  show ing hard  and  soft bark . A rrow  indicates the fo rm ation  o f  new periderm  in the soft bark .
X 10. S. Sciereid; T, Tannin cells.
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F ig . 8. Sieve tubes. laticifer (arrow ) and  sta rch  grains (circles) in the regenerated bark , x 312. L, L atic ifer; R , ray cell; ST, sieve tube. 

F ig . 9. Phase co n tra sa t p h o tom icrog raph  o f  suberized cells o f  the co rk  tissue, x 312. S, Sclereid; SU , suberin.

F ig . 10. A utofluorescence o f  suberin in the cork , x 312. SU , suberin.



a n d  p a ren ch y m a (F igs 12 an d  13). In  th e  renew ed b a rk  
m an y  o f  th e  cells ad jacen t to  th e  la tic ifers possessed  crystals.

D I S C U S S I O N

T h e  p rocess o f  b a rk  reg en era tio n  in  H . brasiliensis is 
id en tica l to  th a t  in  o th e r  w oody  p lan ts  in th a t  it involves th e  
ac tiv ity  o f  b o th  v ascu la r cam b iu m  an d  phe llogen : th e  
c o n tin u ed  activ ity  o f  th e  v ascu la r cam b iu m  an d  the 
fo rm a tio n  a n d  fu n c tio n in g  o f  a  new  co rk  cam b iu m  (L ipetz, 
1970; R ao , 1972). M o rp h o lo g ica lly  w ound  healing  can  be o f  
tw o types— deep  an d  shallow , In  H evea  it is th e  shallow  
type. A  shallow  w o u n d  is res tric ted  to  th e  d e s tru c tio n  o f  
inner b a rk  tissue o n ly  a n d  does n o t rem ove th e  vascu lar 
cam b iu m , hence th e  cells in  th e  so ft b a rk  w ill be  co n tr ib u to rs  
fo r w o u n d  pe rid e rm  (B ostock  an d  S term er, 1989).

W u  a n d  H a o  (1991) have  suggested  th a t w ound  healing  in 
brasiliensis h as  a  close re la tio n  to  b a rk  reg en era tio n  since 

th e  in ju ry  to  th e  b a rk  leads to  a series o f  an a to m ica l and  
istochem ical ch an g es to  th e  cells a d jac en t to  th e  w ound  

o jrface . I t  w as ev id en t by  th e  fo rm a tio n  o f  a n  im perv ious 
b o u n d a ry  as a  resu lt o f  th e  dep o sitio n  o f  suberin  a n d  hgnin  
in  th e  e x ta n t cells, an d  th e  fo rm a tio n  o f  a  c o rk  m eristerm  
from  e x ta n t tissues in te rn a l to  the  im perv ious b o u n d ary . 
S uberin  a n d  lignin  w ere d eposited  in  th e  w ou n d  cells in 
H evea, p each  a n d  p o ta to  (G o m ez , 1982; Biggs an d  S tobbs, 
1985; F ay  a n d  Jaco b , 1989; BoTg-OUvet a n d  M on ties , 
1993). B u t acco rd ing  to  W u  a n d  H a o  (1991) n o  suberin  
d ep o sitio n  w as fo u n d  in  th e  cells a ro u n d  th e  w o u n d  in 
H evea  b a rk . In  th e  p resen t s tu d y  d ep o sitio n  o f  suberin  in  the 
w o u n d ed  a re a  o f  H evea  w as confirm ed  w ith  h istochem ical 
evidence. H a m z a h  a n d  G o m ez  (1981) op in ed  th a t  the 
b lo ck in g  o f  w o u n d  cells w ith  suberin  a n d  lignin  crea tes a  
fav o u rab le  co n d itio n  fo r th e  en h an cem en t o f  phellogen  
ac tiv ity . F o rm a tio n  o f  lign in  an d  suberin  in  th e  w ounded  
a re a  is seen as a m echan ism  fo r  resistance  to  d eg rad a tio n  by 
m ic ro -o rg an ism s (V ance, K irk  an d  S h erw ood , 1980; 
-o eb en ste in , Spiegel a n d  G e ra , 1982) an d  as a  b a rr ie r  to  

'in o is tu r e  d iffusion  (B iggs a n d  S tobbs , 1985).
In  a  w o u n d ed  p la n t th e  physio log ica l a n d  b iochem ical 

:tivities a re  a lte red  d ras tica lly . A s a  resu lt o f  w ound ing , 
e ihy lene  p ro d u c tio n  h a s  been increased  in th e  paren ch y m a  
cells b en ea th  th e  c u t su rface , lead ing  to  its d ila ta tio n  g row th  
e ith e r by  cell en la rg em en t a n d /o r  by  cell d iv ision  (L ipetz, 
1970; A beles, 1973; Y an g  an d  H offm an , 1984; L ev -Y adun  
an d  A lon i, 1992). V ascu la r ray s p lay  a n  im p o rta n t ro le in 
th e  p rocess o f  w o u n d  h ea ling  as th ere  is en la rg em en t o f  the 
ra y  a t th e  site o f  in ju ry  an d  a p re d o m in a n t c o n tr ib u tio n  to  
th e  w o u n d  phellogen  fo rm a tio n  in  m an y  p lan ts  (S harp ies 
a n d  G u n n e ry , 1933; M ille r an d  B a rn e tt, 1983). L ev -Y adun  
a n d  A lon i (1990) described  th a t phellogen  is stim ula ted  
m ain ly  by  ethy lene. T hey  a lso  m en tio n ed  th a t in d u c tio n  by 
e thy lene  a n d  in h ib itio n  by  au x in  a t physio log ical levels seem 
to  reg u la te  the  p o la r  p a tte rn s  o f  p erid erm  in h ib itio n  and  
fo rm atio n .

B ark  reg en era tio n  involves th e  rep lacem en t o f  new  tissue 
a t th e  site o f  in ju ry  w hich  m odifies its in itia l s tru c tu re  (F ay  
a n d  Jaco b , 1989). T h ere  w as a  d ifference in  th e  p ro p o r tio n  
o f  so ft a n d  h a rd  b a rk  in  th e  v irg in  an d  renew ed  b a rk  o f  
H evea. A cco rd in g  to  th e  o b se rv a tio n s o f  P a n ik k a r  (1974) 
a n d  G o m ez  (1983) renew ed b a rk  o f  H evea  h a s  m o re  soft 
b a rk . B u t P rem ak u m ari, P a n ik k a r  a n d  G eo rg e  (1992) d id  
n o t observe any  significant difference betw een  v irg in  and  
renew ed b a rk  fo r  th is tra it . A n  increase  in  cell size o f  
d ifferen t tissues inc lud ing  rays, sieve tu b es an d  la tic ifers o f  
th e  renew ed b a rk  is in  ag reem en t w ith  ea rlie r findings 
(P rem ak u m a ri, 1992). A n o th e r  sign ifican t ch ange  w as the  
a m o u n t a n d  d is tr ib u tio n  o f  sclereids, tan n in  co n ten ts  an d  
c ry s ta ls ; those  w ere m o re  in  th e  renew ed b a rk , in  acco rdance  
w ith  th e  rep o rts  o f  L ipe tz  (1970) an d  W u  an d  H a o  (1993).

A cco rd in g  to  G o m ez  (1982) a n d  F a y  a n d  Ja c o b  (1989) 
ta p p in g  w as th o u g h t to  ac tiv a te  th e  v ascu la r cam b ium . 
C am b ia l derivatives w ill be  p ro d u ced  in  large n u m b ers  b u t 
th e  d iffe ren tia tio n  will be  delayed , by  w hich  th e  g ap  betw een 
th e  first an d  second  la tex  vessel rings n ea r th e  cam b iu m  m ay 
v a ry  (H am zah  an d  G om ez , 1981). A cco rd in g  to  P rem a­
k u m ari e t al. (1992) la tic ifer d iam e te r a n d  in tensity  o f  
a n as to m o sin g  in  th e  v irg in  an d  renew ed b a rk  w ere co m ­
p arab le . T h e  tw o g ro w th  phases o f  b a rk  varied  significantly  
fo r th e  density  o f  la tex  vessels.

T h e  ex ten t an d  d u ra tio n  o f  reg en era tio n  o f  b a rk  varies 
w ith  clones in  H . brasiliensis. T h e  ex ten t o f  b a rk  regenera tion  
is a lso  governed  by  v a rio u s  fac to rs  like  d ep th  o f  tap p in g , 
age o f  th e  tree , v ig o u r o f  g ro w th , ag ro m an ag em en t p ractices 
e tc. (E d g ar, 1958; B ostock  a n d  S term er, 1989).
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