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Variations in the length, width and wall thickness of normal wood fibres (NF) and tension wood fibres (GF) were 
studied at different height levels of four clones viz. T jir 1, G T  1 , RRIM  600 and RRII 105 o iH ev ea  brasiliensis. 
Length and width of both types of fibres showed a fluctuating trend from pith to periphery. In all these clones the 
average length of NF was more than that o f GF. The variation in length and width o f NF and GF between clones and 
different height levels was not statistically significant. However, highly significant variations were observed in length, 
width and wall thickness of normal and tension wood fibres within all the four clones.
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IN T R O D U C T IO N
Hevea brasiliensis (Para rubber) belong­

ing to the family o f Euphorbiaceae, is a ma­
jor source of natural rubber and timber. The 
occurrence of tension wood is a natural de­
fect, which adversely affects the strength 
properties o f rubber wood to a great extent. 
In tension wood fibres, certain layers of 
the secondary wall are not lignified or only 
partially lignified. Such fibres are composed 
o f crystalline cellulosic m icrofibrils. This 
gives the characteristic ‘gelatinous’ or sticky 
nature to tension wood fibres and hence are 
generally designated as gelatinous fibre or 
G-fibre. Generally tension wood is consid­
ered as the abnormal tissue produced by the 
cambium in tune with the reorientation of 
the axis from its normal equilibrium posi­
tion (Wardrop, 1964 ; C ote et a l., 1969; 
Fisher and Stevenson, 1981), The wood

fibre during tension wood formation under­
goes modifications with respect to structural 
and mechanical properties. Therefore all the 
modifications that have occurred in wood 
fibres must be considered to explain the be­
havior o f tension wood and its derivatives 
(Kaeiser and Boyce, 1965). The thickness of 
G-layer is variable and normally it replaces 
the innermost (third) layer o f the secondary 
cell wall (Sj layer) in H. brasiliensis. In other 
species, it may replace the secondary Ŝ  layer 
or may get in corp orated  w ith S  ̂ layer 
(Wardrop and Dadswell, 1955; Cote et al., 
1969; Scurfield, 1973).

In many hardwood species, tension 
wood fibres are longer than normal wood fi­
bres (Chow, 1946; Onaka, 1949; Kaeiser 
and Boyce, 1965). Jourez et a l  (2001) re­
ported that G-fibres are more than 4 .5%  
longer than normal wood fibres in poplar.
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Wardrop (1964) reported that the G-fibres 
may be longer, shorter or may have the same 
length of norma! fibres in different trees. The 
tension wood fibres are shorter than normal 
fibres in the H. brasiliensis clone PB 86 
(Reghu et a l., 1 9 8 9 ). In rubber clones 
PR 107 and RRIM  600 (Amin, 1986) and 
PB 86 (Reghu et al., 1989) the length and 
width o f  both N F and G F have been 
observed to increase from the pith to the 
periphery. The present study is an attempt 
to understand the dimensional variation in 
normal and tension wood fibres o f four
H. brasiliensis clones.

MATERIALS AND M E T H O D S
Four mature trees each of Hevea clones 

viz. T jir 1. G T  1, RRIM  600 and RRII 105 
o f age 2 2 -2 6  years grown in the Central 
Experimental Station o f Rubber Research

Institute o f India were selected and clear 
felled. Wood disc at samples A, B and C (7.5 
cm thickness) were collected from the bole 
at three heights o f 60 , 2 1 0  and 300  cm 
respectively from the ground. Cubic wood 
blocks 2 x 2 x 2  cm were prepared from the 
discs along their entire diameter excluding 
pith. Ten samples were prepared, compris­
ing five samples each from opposite radii one 
each representing the zone contiguous to the 
pith and the extreme periphery and the other 
three from the intermediate zones at equal 
distance and were labeled as shown in 
Fig. 1. The samples were fixed in formalin- 
acetic acid-alcohol mixture (FAA) (Jahansen,
1940), macerated in Jeffrey’s fluid (Berlyn 
and Miksche, 1976), stained with toludine 
blue ‘O ’ (O Brien et a i ,  1964) and mounted 
in 10%  glycerin for dimensional studies. 
The length and width o f N F and GF were

Fig. I. Diagrammatic representation of sample blocks from wood disc
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Fig. 2. M orphology and structure of norm al and tension wood fibres stained in toludine blue O; 
a. Macerated normal wood fibres. X 55; b. Macerated tension wood fibres. X 55; c. C.S. of normal wood 
fibres. X 500; d. C.S. of tension wood fibres showing detachment of G-layer (arrow). X 500.

measured using a m icroscope (Leitz 
Aristoplan) under bright field. 100 readings 
per sample were considered for computing 
the mean values of each parameter. Cross 
sections of wood at 30 mm thickness were 
used for recording the fibre wall thickness. 
The total wall thickness of normal and ten­

sion wood fibres were recorded separately.
As the samples collected from each 

radius were from identical positions, in terms 
of growth, the data recorded from the corre­
sponding samples of the disc were pooled 
together to compute the mean. The disc mean 
value was computed from the average values
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Table 3. Variation in characters between normal and gelatinous fibres (t-test)

C lone Length Width
df t df t

Wall thickness
df t

RRII 105 
RRIM 600 
GT 1 
Tjir 1

11
11
11
11

18.38“
23.60»»
10.48**

3.68**

11
1 1

1 1

1 1

-7.40** 
-10.64** 

-  8 . 68 * *  

- 9.00**

1 1

11
1 1

1 1

-13.85**
-25.37**
-15.83**
-26.07**

Significant at 1% level; t value with -ve sign indicates that the value were higher for G-fibres

o f  sam ples. L ik ew ise , th e  tree  an d  c lo n e  m ean  

values w ere ca lcu la ted  fro m  th e  d isc and  tree 

m ean  valu es resp ectively .

D a ta  o n  le n g th , w id th  an d  w all th ic k ­

ness o f  fib res  w ere  s u b je c te d  to  analysis o f  

v arian ce (A N O V A ) (S in g h  a n d  C h ow d h ary ,

1 9 8 5 ) .  P o o led  d a ta  fro m  fo u r  c lo n e s  w ere 

used to  a sce rta in  th e  d im e n sio n a l v a ria tio n  

b etw een  fibres a t d iffe re n t h e ig h t levels. T h e  

characters fo r n o rm a l an d  te n s io n  w o o d  zones 

w ere c o m p a re d  u sin g  p a ired  t-te s t .

R E S U L T S  A N D  D I S C U S S I O N

T h e  N F  sta in ed  b lu e  (F ig . 2 a  an d  2c) 

a n d  th e  G F  s ta in e d  p u rp lis h  red  (F ig . 2 b  

and  2d ) w ith  to lu d in e  b lu e  ‘O ’ . In  all th e  

fo u r  c lo n e s  s tu d ie d  th e  le n g th  o f  N F  an d  

G F  v aried  fro m  p ith  to  p e r ip h e ry  an d  in  

g en eral it w as m a x im u m  in  th e  p erip h era l 

an d  m in im u m  n e a r th e  p ith  z o n e  (F ig . 3 ) . 

S im ila r  o b serv atio n s w ere m ad e earlier fo r  th e  

c lo n e s  P R  1 0 7  a n d  R R I M  6 0 0  fo r  P B  8 6  

(A m in , 1 9 8 6 ;  R e g h u  et al., 1 9 8 9 )  a n d  in  

certa in  o th e r  h ard w o o d  species (D in w o d d ie , 

1 9 6 1 ;  T a y lo r  a n d  W o o te n ,  1 9 7 3 ) .  A m in  

(1 9 8 6 )  o p in e d  th a t a t a cer ta in  stage o f  fibre  

d ev e lo p m en t, th e  u ltim a te  le n g th  is c o n tr ib ­

uted  by  th e  fu s ifo rm  in itia ls  o f  th e  ca m b iu m . 

In  ru b b e r tre e , th e  fa c to rs  su ch  as tap p in g , 

c lim a tic  ch an g es, o cc u rre n c e  o f  a b n o rm a l le a f  

fall d isease e tc . d u rin g  th e  d e v e lo p m e n t o f  

fibres was suggested  to  cause v a ria tio n  in  fi­

b re  le n g th .

T a b le  1 d e p ic ts  th e  m e a n  le n g th  o f  

N F  a n d  G F  a t th e  th r e e  le v e ls  fr o m  th e  

g ro u n d . In  all th e  c lo n e s , th e  average len g th  

o f  N F  w as h ig h er th a n  th a t o f  G F  as rep o rted  

b y  R e g h u  et al. ( 1 9 8 9 )  fo r  th e  c lo n e  P B  8 6 . 

A nalysis o f  v a ria n ce  in d ic a te d  th a t  th e  d if­

fe re n c e s  w e re  n o t  s t a t i s t ic a l ly  s ig n i f ic a n t  

(T a b le  2 ) .  H o w ev er, th e  v a r ia t io n  b e tw e e n  

N F  a n d  G F  w as s t a t i s t i c a l l y  s ig n i f ic a n t  

w ith in  all th e  fo u r c lo n es  u n d er t-te s t  (T ab le  

3 ) . A m in  ( 1 9 8 6 )  a n d  B h a t  et al. ( 1 9 8 4 )  d id  

n o t fin d  a n y  s ig n ific a n t d iffe re n ce  in  th e  fi­

b re  le n g th  o f  H. brasiliensis trees at d iffe re n t 

h e ig h t  le v e ls . T h e  v a r ia t io n  in  th e  f ib re  

len g th  b etw een  n o rm a l an d  te n s io n  w ood  

fib res  m ay  b e  a ttr ib u te d  to  th e  v a ria tio n  in 

th e  rate o f  d iv isio n  a n d  in tru siv e  g ro w th  o f  

fib re  p rim o rd ia . T h e  fib re  le n g th  is inversely 

r e la te d  to  th e  r a d ia l  g r o w th  o f  th e  a x is  

(W ard ro p , 1 9 6 4 ) .  A n  in crease  in  th e  d u ra­

tio n  o f  ca m b ia l a c tiv ity  b rin g s  a b o u t th e  d if­

fe re n tia t io n  o f  lo n g e r  fib re s  a n d  v a ria b ility  

in  radial g ro w th  o f  axis, w hereas a n  increase 

in  th e  rate  o f  c a m b ia l a c tiv ity  causes rad ial 

g ro w th  in c r e m e n t  a n d  d if f e r e n t ia t io n  o f  

sh o rte r fib res (W a rd ro p , 1 9 6 4 ) .  T h e re fo re , 

it  appears th a t th e  d ecrease in  th e  le n g th  o f  

te n s io n  w o o d  fib res  m a y  b e  d u e to  th e  in ­

crease in  th e  rate  ra th er th a n  d u ra tio n  o f  ca m ­

b ia l d iv is io n  d u r in g  th e  d if fe r e n t ia t io n  o f  
te n s io n  w o o d .
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Fig. 4. Width of normal and tension wood fibres from different sample positions
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The variations in the length and width 
of NF and GF at different sample positions 
within wood discs are shown in Fig. 3 and 
4. In all the clones the width o f NF and GF 
showed slight variation from the pith to pe­
riphery. However, in majority o f cases the 
length and width o f fibre were maximum in 
samples collected from the periphery and 
minimum near the pith zone.

In all the clones studied, the mean 
width of NF was lower than that o f GF. Simi­
lar trend was reported by Reghu et al. 
(1989) for clone PB 86. The width o f NF 
ranged from 19.7 to 20.88 )J,m whereas the 
mean width o f G F ranged from 21 .03  to 
23.56 |Im (Table 1). While the width o f NF 
was more or less the same in all the clones 
the width of GF was higher in T jir 1 (23.56 
(im). The width o f fibres varied significantly 
between clones as well as between different 
height levels within the clones (Table 2). The 
variation in width between NF and GF was 
highly significant within all the clones (Table 
3). The increased fibre width and wall thick­
ness observed in the basal portion o f the tree 
trunk may be attributed to the increase in

the thickness of secondary walls due to age­
ing (ontogenic maturity).

The average fibre wall thickness o f NF 
and GF at different height levels are also 
shown in Table L In all the clones, wall thickness 
of GF was higher than NF. Okumura et al. 
(1977) reported that the increase in the wall 
thickness of tension wood fibres was mainly 
due to the increase in the thickness o f the 
undignified cellulosic G-layer of the secondary 
wall. In the present study the average wall 
thickness of NF was comparable for all the clones. 
Similar trend was observed for GF also.

ANOVA (Table 2) carried out for the 
wall thickness o f both NF and GF indicated 
that the variation in the fibre wall thickness 
among the clones and at different height lev­
els within clones was not statistically signifi­
cant. The difference in wall thickness was 
statistically significant across the clones. 
The increase in the thickness o f G-layer 
associated with its unlignified nature makes 
tension wood fibres weaker than normal 
wood fibers. This leads to various wood work­
ing problems such as dimensional instabil­
ity, warping, shrinkage and collapse.
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