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- A POTIHINTIAL

SOIIKCIli; OF TIMKHK

ith the rapid in-
a dustrialisation

during the twen-

tieth ccntury, the
irafTfc-earth is put to tre-
mcndous enviornmental
pressure. In this context,
protection of the natural
forests has become aneces-
sity. However, with the in-
crease inpopulation,the de-
mand for timber has in-
creased many fold in rccent
years. In the name of con-
sciviug forests wc cannot
substitute timber from
natural forests with any
other materials. The best
and suitableeco-friendly al-
ternative source of timber
in place of the depicting
natural timber resources is
rubber plantations as these
plantations are maintained
in a sustained yield rota-
T:ion 0f25-30 years without
any enviornamental haz-
ards. Rubber wood has be-
come an industrial
material only about a dec-
ade ago
substitate for

raw

mainly as a
valuable
tropical timberspecies, The
total production of rubber
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wood in Indiaasin 1996 is
1.27million m”perannum.

Rubber tree (Hevea bra-
silicnsis) is a perennial
dicotyledonous species be-
longing to the family
Euphorbiaceae. The tree
has an unbranched straight
trunk attaining 79-110 cm
diameter at breast height
with a profusely branched
dense canopy. The tree
grows to a height of about
30m.The girth ofthe trunk
may vary from tree to tree
depending on clonal and
agro-climatic factors. Nev-
ertheless, the plantations
raised from seedling
populations normally
showed ahighergirth when
compared to those raised
from budgrafted planting
materials. Over time the
budgragted polybag plants
are being popularised
across the major natural
rubberproducing countries
as the primary objective is
to obtain higher levels of
rubber yield

timber. This development

rather than

had serious implication on

the yield oftimber per tree
compared to the availabil-
ity during the early timt*'>
as the volume of wood is
directly proportional to the
girth ofthe tree. Ithas been
estimated that a seedling
tree gives 35 cfl. wood and a
budded tree gives 20cft
wood at the time of clear
fellingofwhich 607r istrunk
wood and 40% branch wjjod.
The shortage of good qual-
ity timber and its ever in-
creasingdemand underline
the need toexplorethe char-
acteristics and structural
features ofrubber wood for
the utilisation inthe field of
various apli-
cations.

industrial

Gross structure of
rubber wood

Rubber wood shows a
general gross structure of
dicotyledenous (hardwocjd)
timberwith certain charac-
teristics specific to the spe-
cies. Based on the density
classification, rubber.wood
comes under the category
of light hardwood. (Boss-



hard, 1996) with an air dry
spcciik jjravity 0.557 and
averageweightofabout515
kg/m* at 12%m.c (Sekhar,
1989). The wood is diffuse
porous, straight to sHghtly
interlocked grained and
medium coarse textured
with a characteristic odour
ofrubberlatex when freshly
cut. The timber is whitish
yellow in colour when
freshly sawn {green wood)
and turns pale cream after
seasoning. Usually growth
rings are absent or ill-de-
fmed in rubber wood and
the growth ring like struc-
ture displayed in the cross
sectional view ofthe

timber an; merely
false rings which are
formed by the distri-
bution pattern ofre-
action wood (tension
wood) fibreswhich is
a characteristic
fearture of rubber
wood (Fig 1). The
sapwood (outer
wood) is not differ-
entiated from heart-
wood (inner wood)
due to the lack of
deposition of
pigmented extrane-
ous materials that
usually occurduring
the heartwood for-
m ation ofotherhard-

woodtimberspecies.

Pleartwood formation is a
longterm ageingproccss in
wood were the reserve
metabolites get converted
into pigmented substances
during the course ofnecro-
biosis of storage cells.
Thoughreserve metabolites
in the form ofsoluble sugar
and starch etc. are abunda-
ntinrubber wood, the con-
version of these materials
into heart wood substances
does not take place during
the course of its economic
life span mainly due to the
fastgrowingtendency ofthe
tree. Hence heartwood for-

mation is virtually absent

inrubber tree and the stor-
age tissue is AHod with solu-
ble sugar and starch which
inturn iseasily attacked by
biological agents. Early
wood and late wood differ-
entiation is not possible in
rubber wood even though
significant seasonal varia-
tion has been reported dur-
ing the growth phase ofthe
tree. The long and continu-
ous period ofcambial activ-
ity associated with the fast
growing nature of the ti’ee
also restricts the formation

ofearly/late wood.

Anatomy of rubber
wood

The properties t»f
timber vary accord-
ing to the structure
and composition of
wood elements nl
different
even within a tree.

plains

Hence, propei* and
accurate selection of
timber for each
purpose necessi-
tates a detailed and
thorough knowl-
edge about its ana-
tomical characters
and alignmentoftis-
different

plains. Macroscopic

sue at
and microscopic
exami- nation of

wood sections at dif-

Fig. 1. Rubber Wixxi Disc showing natural colour
and tension wood zones (white 'wooly"' lustais
arcN) Clone - RRII 105.

ferentplains display



the three di-
mensiOnal
structure  of
wood and orien-
tation of wood

el ements

(Fig. 2 - A,B,C)

Rubber
wood is com-
posed of fibres
(58%), vessel el- I
ementsorpores
(8.5%),axial pa-
renchyma
(11.5"a. and
rays (22%)and
are distributed

B- Tan”enli.nl Longitudinal section (T. L. S) showing the
li>nKiludIn»il vessel lines, fibers etc.
C* Riidirtl Lon”iUuiin.il Si‘Clion (R. L. S) showing vi'ssel
lines, fibers etc.

in different patterns and
proportions as in typical
hard wood species. Bhat ct
(m//(1984) quantified tlic pro-
portion nfwood elements in
rubber and concluded that
the proportion of wood fi-
brcs is moder-

ate in compari-

son toother fast
growingtimber

spccies.

FIBERS ;
Fibers are non-
septate and be-
long to the me-

group
with an aver-

dium

age
1.1- 1.4 mm
(Anonymous,
1956;Bhateffl/,
1984; Reghu ct
al, 1989). They

length of

P- Pores (vessels). AP* Axial P.irenchyma bonds.,R-.\ledullory

rays.,

sIKnvinn lit*

F1 Kul'l>«T  uiKs.1

of wihhl ek*nifiils.

A- Crtvss sectional view showinj; the distributioa of pores.

arc square to rcctanyular
in shape and are aligned
radially in transverse sec-
tions, with an avera”®je wall
thickness of 3.5Mm. The
width of fibers ranges from

X9-27 }im with an average
valueof22pm (Silva, 1970;

Fiy;. 3. Microscopic Structure (‘f Rubber wood.

TW -Tension \v(uhlzones, \W -N(rmal wi‘od zones, T-Tvlosis

ae thiiti-ri-ni

Anonymo6us.
1956; Reghu ct
al, 1989). The
fibers are ligni-
fied or partially

lignificd, de-
pending ontheir
location in the

normal and ten-
sion wood zom*
respectivcly.
Studies
ducted so far on

plains
con-

thedimiinsional
aspects offibers
revealed the su-
periority (»rrul>-
ber wood as a raw material
for pulp industry.

Vessel Elements: 'I'hc
dinlise*porous nature of
rubber wood is caused by
the distribution pattern of
vessel elements or pores

(Fig. 3). Tht*

structure, align-

ment and prop-
erties of poros

:ilso determine

iheehemical im -

pregnation ca-

pacity ofrubber

wood during
preservative
treat menls.
The vessels are
evenly distrib-
uted as solitary
or radial multi-
ples of 2-3 Of

rarely more,



with 1-4 pores per
mm.Theyarc mod-
erately
small,

InrfAc to
and vessel
members are 154-
789 jjm in length
(mean-500 m)
with a diameter
ranging from 70 -
224 "m (mean-155
Jim). The lumen of
the vessels is usu-
ally filled with bal-
loon-like pare-
nchymatous struc-
tures calls tylosis.

Occurrencc of
tylosis is a charac-
teristic feature of
rubber wood. They arc
formed by tlie ingrowth of
parenchymatous cells to-
lumen
through the pit cavities of

Uie vessel walls (Fig. 4)

wards the wvcssc]

The presence of num -
erous tyloses in wood has
certain practical signifi-
cance: they are helpful in
checking fungal growth in-
side the wood during stor-
age and also affectsthe per-
meability ofwood to liquids.
In rubber wood, the pres-
ence of tyloses may have
certain adverse effectsdur-
ingpreservative impregna-
tion, as it blocks the free
entry ofwood preservatives

during processing. How-
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Fin- 4. Rubber wtxxi sectUm
vessel lumen filled with Tvlfxes.

ever, an extensive study on
Uie nature and extent of
tyloRCS formation in rubber
wood and its impacton pre-
servative penetration has
notbeen ascertained so far.
Ithas longbeen provedthat
artificial woundingacceler-
atcs tyloses formation in
wood. In this context it is
reasonable to believe that
tyloses formation is una-
voidable in rubber tree as
tapping forrubberlatexisa
continuous wounding proc-
ess which in turn stimula-
tes the formation oft)*loses.
Tapping ofthe tree without
woundingthe cambium and
wood tissue can minimise
the intensity oftyloses for-
m ation in rubber.

PARENCHYMA TIS-
SUE : Axial
parenchyma (rays)

and ray
cellsare the parencliy-
m atoustissuein wood.
They are considered as
the softtissue with the
main function of stoi*-
ing the reserve meta-
pa-
is ap»)tra-
chealand banded with
undulating

bolites. The axial
renchyma

lines.
Scanty paratracheal
parenchyma are also
found in association
with vessel elements.
the  Theraysare hetenige-

neous, uni to i)enta
seriate. Both axial and ray
cellsoccasionally have crys-

tal deposits.

An increase in the pro-
portion ofsofttissue in wood
will reduce its density as a
whole. In rubber wood, the
higher percentage of soft
tissue (33.5%) reflects its
light hardwood nature.
in other
durable hardwood species

Moreover, unike
in rubber
wood are filled with reserve
metabolites, especially in
the form of soluble sugar

the soft tissues

and starch withoutanycon-
version into heartwood sub-
stances; hence, it is very
susceptible to the attack of
biologicalagents in natural
conditions. This demerit of
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rubber wood is the major
bottleneck foritswide utili-
zation forvarious industrial
applications without pres-
ervation treatment.

Tension wood

Tension wood is consid-
ered as a natural defect or
an abnormal structure of
wood, which plays an ac-
tive role in the normal ar-
chitectural development of
a tree. The degree of modi-
fication of wood structure
involved in tension wood
formation isextremelyvari-
able within the same spe-
cies and between tree spe-
cies. The formation often-
sion wood isacommon phe-
nomenoninrubbertree and
its distribution is not re-
stricted to a spe-
cific zone of the
axes unlike in
hardwood
species where its

formation

other

is usu-
ally limited to the
upper side of the
leaning stem and
W hen
is felled
and freshly cross-
cut, the
wood

branches.
the tree

tension
zones arc
clearly visible even,

KALKA. n m

The proportion of ten-
sion wood in rubber varies
from position to position
within a tree as well'as be-
tween trees (Vijendra Rao,
1983) depending on the in-
fluence ofthe emaronmen-
tal factors where it grows.
The proportion of tension
wood is gradually increas-
ing from the base to top of
the tree trunk with a range
of 1% to 36% (Reghu et al,
1989), while its range in
sawn planksvariesbetween
15% to 65% (Sharma and
Kukreti, 1981). Structur-
ally tension wood differs
from normal wood in many
ofits propertiesand mostof
these differences are mainly
associated with the struc-
ture ofwood fibers. Tension

Fij;. 5. Dingrnmmatic represc’nl<Ttion of the orpanis.i-
tUm of fibre walls in normal and tension wood fibres

in rubber wood.

to nake eye as
white ‘woolly’ lus-
trous bandsorarcs

fFig 1).

P - Primary wall SI, S2, S3 - Secondary wall layers
(lignified) S3(C) - Tliird layer of the secondary wall
(unlignified gelatinous layer) of tension wood fibre.

CtLhTIMOUS n » K

wood fibers are specialized
fibersknownasgelatinous
fibers (G-fibers). The
third layer ofthe secondary
wall of G-fibers is
unlignifled and made up
of crystalline cellulosic
microfibrils which give its
characteristic gelatinous
nature. Hence, the wall
structure ofG-fibers (F .5)
in rubber woodi s
P+S1+S2+S3(G) wheifeP m
primary wall (ligniiiieH);
S1,S2 >first and second
layers of the secondary
waits dignified); and S3
(O Mthirdlaycrofthe scc-
ondary

walii (unli”-

nificd and gclUtinovis).

'‘Wood working and
seasoning problems
due to tension wood

The abnormal
structure and pecu-
liar properties of
gelatinous fibers
will make tension
wood, a natural de-
fect, causing vari-
ous wood working
and seasoning
problems as men-

tioned below:-

W hile cutting
and sawing, the G-
layer of tension
wood fiberstends to
dotnch from the ad-

jacent secondary



wall and frequently
formsconvoluted masses
in the fiber lumen, or is
ejected out from the lu-
men especially when the
planks arc sawn at ra-
dial
planes which in turn
sticks to the saw blade
and disturbs the free
movement ofthe saw.

and tangential

# As the G-layer is rich in
moisture content and
lacks lignin, longitudinal
shrinkage of tension

wood is severe during

seasoning and causes
uncontrollable distor-

tion.

Major seasoning defects
caused by tension wood
arcwarping in the form
oftwisting, bowing, cup-
ping and collapse etc.
which in turn results in
dimensional instability
ofsawn planks.

€ Tension wood zone al-
waysdepictsaroughsur-
face while plaining and
finishing and makes the
end-productsless attrac-
tive.

As rubber wood has a
high
wood,its woodworking and

content of tension

seasoning problems are
uncontrollable and unpre-
dictable. To evaluate a tree

as apotcnsital source oftim -
ber for various end uses,
the nature, proportion and
properties of tension wood
in rubber wood have to be
taken into account. Avoid-
ing tension wood formation
in rubber tree is not possi-
ble,buttocontrolits delete-
rious effects is essential.
Hence, a versatile utiliza-
tion of rubber wood for in-
dustrial applications need
re-investigation, retliinking
and co-ordinated research
activities, failingwhich ten-
sion wood problem will re-
main as a serious ‘woody’
problem in rubber wood in-
dustry.

Dcfects
wood

of rubber

The defects or demerits
ofrubber wood can be gen-
erally grouped into three,
(i) biological dcfects, (ii),
N atural defects, and (iii),
seasoning or processing
defects. Biological defects
are caused by biological
agents such as fungi, in-
sects (borers and beetles),
termites and marineorgan-
isms which can easily be
controlled by adopting per-
fectpreservative treatment
schedules.Natural and sea-
soning defects are mainly
duetotheoccurrence often-
sion wood for which a per-

fect control measure is yet
to be developed. In addition
to the above, certain other
minor defects are common
in rubber wood which are
formed either naturally or
artificially as mentioned
below

KNOTS. The left over
portion of the branches
present in the main truck
after cutting the branches
are called knots, hi rubber
wood knots are not so pre-
dominant and hence it is
not a serious defect.

TAPPING WOUND.
Tapping is a process which
involves controlled wound-
ing and excision ofbark tis-
sue. The wounding causes
by tapping leaves residual
bark above the cambium.
By unscientific and care-
less tapping, the tapping
knife happens toinjure the
cambial cells and even the
wood tissue creates perma-
nentmarks known an tap -
ping marks or tapping
wounds associated with
The in-
jured wood portion bccomecs
defective and discoloured.
This artificial man-made
defectofrubberwoodismo-

callus formation.

re common in rubber plan-
tations where unscientific
tapping is adopted. In ply-
wood and veneer industry



these tapping marksinrub-
ber wood creates serious
problems and thereby the
recovery loss isvery high.

TAPER. The reduction
in the diameter of the tree
trunk or log from base up-
wards is termed as taper
which is considered as a
defectwhen the conical form
is pronounced. The extent
oftaper varies with the age
of the tree, influence ofen-
vironmental factors and
cultural operations. Rubber
trees raised from seedling
population show a slight
tapering oftrunk from base
to top whereas budgrafted
trees always produce cylin-
drical trunks. Hcnce the
volume estimation of logs
from seedling trees is im-
precise unless many diam -
eter measurements are
made along the length of
the log. Though taper cre-
ates certain practical prob-
lemsduring stacking, trans-
porting, and sawing oftim -
ber in general, itis not re-
ported as a serious problem

in rubber wood.
Conclusion

The majorlimitations of
rubber wood for its wide
industrial applications are
its high susceptibility to
insect and fungal attack

(biological defects) and in-

cidence of tension wood
(natural defect). Substitut-
ing rubber wood in place of
the depleting quality tim -
ber resources necessitates
theimprovementofits qual-
ity and durability. The
structural and anatomical
characteristics of rubber
wood enable the penetra-
tion and Impregnation ca-
pacity ofwood preservatives
to protect from biological
But the na-
ture, structure, distribution
and the extent of tension
wood fibers adversely affect

deterioration.

the physical, mechanical
and seasoningproperties of
rubber wood to a greater
extent, for which a perfect
control measure has not
been developed so far. As
the impact oftension wood
on various applications of
rubber wood is unpredict-
able, acomprehesive scien-
tific approach to quantify,
ascertain and solve the
problems associated with
tension wood formation in
rubbertreeisessential from
a long term perspective.
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