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EXPLANATORY NOTES

The monetary units of the countries and their offical
exchange rates at the time of the mission were:

Indian Rupee : IR 28.10 = US$1.00 .
Indonesian Rupiah : IRp 2,040 = US$1.00
Malaysian Ringgit : M$ 2.55 = US$1.00
Philippine Peso : PhP 25.00 = USS$1.00
Sri Lankan Rupee : SLR 43.02 = US$1.00
Thai Baht : ThB 25.06 = US$1.00
Viet Namese Dhong : VND 10,750 = US$1.00

The following acronyms are used in this Report:

CIRAD-Forét - the new name of Centre Technique
Forestier Tropical (CTFT), Nogent-sur-
Marne, France

ESCAP - Economic and Social Commission for Asia
and the Pacific
FELDA - Malaysian Government agency for

government-owned and managed rubber
tree plantations

FRIM - Forest Resezrch Institute Malaysia,
Kepong, Selangor, Malaysia

GATT - General Agreement on Tariffs and Trade,
Geneva, Switzerland

ITC - International Trade Centre, Geneva,
Switzerland

MIDA - Malaysian Industrial Development
Authority, Kuala Lumpur, Maleysia

MTIB - Malaysian Timber Industry Board, Kuala
Lumpur, Malaysia

RRII - Rubber Research Institute of India,
Kottayam, Kerala, India

RISDA - Malaysian Government agency for rubber
plantation small holders

RRIM - Rubber Research Institute of Malaysia,
Kuala Lumpur, Malaysia

UNCTAD - United Nations Conference on Trade and
Development

UNIDO - United Nations Industrial Development
Organization

WB - The World Bank, Washington, D.C.

A hyphen between numbers (e.g., 1-5) indicates the full
range involved, including the beginning and end points.

A full stop (.) is used to indicate decimals.

A comma (,) is used to indicate thousands, millions,
billions.
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The following symbols, and/or abbreviations as used in this

Report:

IR
IRp

MDF
MS

PhP
SLR
ThB
Us$
VUND

bd. ft.
cnm.

dia. or D
etc.

ft.

ha.

hrs.
hrs./day
K. D.

m3

mc or MC
mm

m)
m/min
n’/yr.
N/mm?

n.a.
%
S4S

vs.

Indian Rupee, currency unit of India
Indonesian Rupiah, currency unit of the
Republic of Indonesia

Medium Density Fibreboard

Malaysian Dollar, Ringgit, currency
unit of Malaysia

Philippine Peso, currency unit of the
Republic of the Philippines

Sri Lalnkan Rupee, currency unit of Sri
Lanka

Thai Baht, currency unit of the Kingdom
of Thailand

U.S. Dollar, currency unit of the
United States of America

Viet Namese Dhong, currency unit of
Viet Nam

Board Foot or Board Feet

Centimetre; 1/100th of a meter
diameter

"et cetera”, and so forth

foot (12 inches); feet

hectare (10,000 m?); hectares

hours

hours per day

kiln-dried; kiln-drying

cubic meter(s)

Moisture Content

millimetre; 1/1000th of a meter
square millimetre

meters per minute

cubic meters per year

Newton per square millimetre, unit of
pressure; or of unit force

Not available

percent

surfaced (planed smooth) on all four
faces of the lumber board

"versus"; compared with; against




- iv -

TABLE OF CONTENTS

Chapter/Section

EXECUTIVE SUMMARY

I. INTRODUCTION

A.
B.

C.

What is Rubberwood?

Rubberwood Utilization - A Brief History
of its Development

The Rubber Tree as a Renewable Resource of
Timber (Man-made Forest)
1. Worldwide Availability
2. Cutting Cycles and Replanting Periods

II. CURRENT AND POTENTIAL USES OF RUBBERWOOD

A.
B.
C.
D.
E.
F.
G.
H.

I.

J.

Physical Properties of Rubberwood and
Potential End Uses
Machining Properties of Rubberwood
Drying and Sanding Properties of Rubberwood
Gluing and Assembling Properties of
Rubberwood
Finishing (and Painting) Characteristics
of Rubberwood
Durability Aspects of the Use of Rubberwood
Indicated End Uses for Rubberwood
Technical Requirements _ “or Rubberwood to
Replace Traditional Wood Species
Traditional Timber Species and Rubberwood
Log Production of Selected Asian
Countries, 1985-1990
Disposition of Rubberwood Log Production in
Selected Asilan Countries, 1985-1990

III. IMPACT OF THE RUBBERWOOD PROCESSING INDUSTRY
DEVELOPMENT ON THE FOREST ECONOMY OF TROPICAL
COUNTRIES GROWING RUBBER

A‘

B.
C.

D.

Creation of Jobs
1. Furniture/Joinery Progducts Factory
2. Plywood Manufacturin;qzlant
3. Particle board Manufacturing Plant
Additional Source of Foreign Currency
Relief of Pressure on Existing Timber
Resources
Barriers to the Use of Rubberwood

Ve

Page

viii

[ 3

13
18

18
18
18
19

20

21

23

26

26
27
29
30
31

33
33




Figure

1

Comparative Physical and Mechanical
Characteristics of Rubberwood and Selected
Tropical Timber Species, Rubberwood (Hevea
Brasiliensis) vs. Seraya white/Bagtikan
(Parashorea Malaanonan) & Mersawa (Anisop-
tera spp.)

Comparative Physical and Mechanical
Characteristics of Rubberwood and Selected
Tropical Timoer Species, Rubberwood (Hevea
Brasiliensis) vs. Iroko (Milicia excelsa-
regia) & Sapelli (Entandrophragma cylin-
dricum)

Comparative Physical and Mechanical
Characteristics of Rubberwood and Selected
Tropical Timber Species, Rubberwood (Hevea

brasiliensis) vs. Ramin (Gonystylus spp.) &

Tangile (Shorea-rubro polysperma)

Comparative Physical and Mechanical
Characteristics of Rubberwood and Selected
Tropical Timber Species, Rubberwood (Hevea
brasiliensis) vs. Kosipo (Entandrophragma
candollei) & Imbuia (Ccotea porosa)

Comparative Physical and Mechanical
Characteristics of Rubberwood and Selected
Tropical Timber Species, Rubberwood (Hevea
brasiliensis) vs. Pinus kesiya & Meranti
white (Shorea-antho hypochra)

Page

11

14

15

16

17




TABLES

Table

—No. Title

I World Rubberwood Supply, 1991

II Estimated Total Logs Harvest of Rubberwood and
Traditional Species in Selected Asian Countries,
1990 (x 1000 m3)

III Selected Physical and Mechanical Properties
of Hevea brasiliensis

v Sawlog and Veneer Log Production in India,
1985 and 1990, (x 1,000 m*)

\' Sawlog and Veneer Log Production in Malaysia,
1985-1990, (x 1,000 m*)

VI Sawlog and Veneer Log Production in Thailand,
1985-1990, (x 1,000 m*)

VII Average End use Distribution of Rubberwood Industrial

VII1 Average End use Distribution of Rubberwood Industrial

IX

X1

XI11

XIII

- vi -

Log Production in India, 1985-1990 (% of
total rubberwood log production)

Log Production in Malaysia, 1985-1990 (% of
total rubberwood log production)

Average End use Distribution of Rubberwood Industrial

Log Production in Thailand, 1985-1990 (% of
total rubberwood log production)

Estimated Potential Number of Jobs for the
Furniture/Joinery Industries per 1,000
Hectares ot Mature Rubber Tree Plantation
received for the Full Development of the
Rubberwood Processing Industry

Estimated Potential Number of Jobs for the
Plywood Manufacturing Industry per 1,000
Hectares of Mature Rubber Tree Plantation
Created by the Full Development of
Rubberwood Processing Industry

Estimated Potential Number of Jobs for

the Particle board Manufacturing Industry
per 1,000 Hectares of Mature Rubber Tree
Plantation Created by the Full Development
of the Rubberwood Processing Industry

value-added Multipliers for Rubberwood
Products

22

22

23

24

25

25

28

30

31

32




- vii -

ANNEXES

Title Page

. 1 Rubberwood (Hevea spp.) 35
2 Seraya white/bagtikan (Parashorea malaanonan) 36
3 Mersawa (Anisoptera spp.) 37
4 Iroko (Milicia excelsa-regia) 38
5 Sapelli (Entandrophragma cylindricum) 39
6 Ramin (Gonystylus spp.) 40
7 Tangile (Shorea-rubro polysperma) 41
8 Kosipo (Entandrophragma candollei) 42
9 Imbuia (Ocotea Porosa) 43
10 Pinus Kesiya 44
11 Meranti white (Shorea-antho hypochra) 45
12 Substantive Officer’s comments 46

BIBLIOGRAPHY 47




- viii -

C VE S Y

Among the hundreds of latex bearing plants which exist in
the world, Hevea brasiliensis is the most extensively cultivated
as a plantation specie, and is estimated to supply more than 90
percent of the total natural rubber requirements of the world.
On the basis of adequate and effective maintenance practices for
rubber tree plantations, studies have shown that after 25 to 30
years the latex producing properties of the rubber tree decline
and the cost of latex production exceeds the gross earnings from
the sale of latex products. Thus, it has become a practice that
the rubber tree is felled after 25-30 years and replaced with new
plantings. The term "rubberwood" refers to the ligno-cellulosic
portions of the rubber tree and commonly refers to the stems,
of the tree’s branches and twigs. The size and length of the
stems, branches and twigs vary according to the age, clone type
and soil and climate of the tree’s habitat. Hevea brasiliensis
thrives well in tropical areas with: (a) more or less even
rainfall throughout the year; (b) the absence of strong wind and
heavy rainfall brought about by typhoons and cyclones; and (c)
fertile soil in well-drained areas.

Rubberwood was mainly used as fuelwood during the early part
of this century: to smoke latex sheets and as fuel for household
cooking purposes. Suggestions to exploit timber from rubber trees
were proposed as early as the 1950’s. Records indicate that as
early as the late 60’s and early 70’s the Sri Lankans were
already using rubberwood in the manufacture of school desks and
school room furnishings. Forced by serious timber shortage during
the same period, the Thai furniture producers cast their
attention on rubberwood as an input material for the industry.
Similarly, massive development activities to further enhance the
industrial use of rubberwood was launched by the Malaysian
government during the mid 70’s and early 80’s. This period may
be called the "industrial modernization of the rubberwood
processing industry”. In 1984 the Forest Research Institute of
Malaysia published a list of products which were successfully
manufactured using rubberwood in Malaysia: household furniture
and furnishings, handicraft and novelty items, sawn rubberwood
timber, plywood, hardboard, building and construction components
(which included doors, parquet floorings, mouldings, moulded
hardboards, toilet seeds, panelling etc.).

More recently, Malaysia and Thailand have met success in the
manufacture of particle board and medium density fibreboard (MDF)
using exclusively rubberwood as the input. This development has
tremendously increased the utilization of the ligno-cellulosic
components of the rubber tree with diameters below 15 cm.
However, the use of rubberwood in the construction and home
building industries is still 1limited to non-load bearing
components (or components bearing only light-load). The leading
producers of rubberwood on an industrial scale include the
following Asian countries: India, Indonesia, Malaysia, Sri Lanka
and Thailand. Rubberwood plantations also exist in Cambodia,
Myanmar, Papua-New Guinea, the Philippines and Viet Nam.
Similarly, extensive rubber tree plantations are maintained in
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Cameroon, Cote d’Ivoire, Liberia, Nigeria, Zaire, as well as, to
a lesser extent, other West African countries. Rubber tree
plantations have also been reported to exist in tropical areas
of some Latin American countries 1like Brazil, Colombia,
Guatemala and Mexico. However, rubberwood processing on an
industrial scale is only found in the south and southeast Asian
regions.

The rubber tree, being a renewable resource of timber,
provides a major solution, to the terrible pressure laid upon the
world’s natural forests by the land and timber needs of an ever-
increasing population. Recent studies indicate that the
rubberwood log harvest potential for the period 1992 to 1997 is
estimated at about 10 million m® per year, which is roughly 0.3
percent of the world’s timber needs. Thus, more research and
development work aimed at producing rubber tree clones with
greater timber yields is indicated.

The physical and mechanical properties of Rubberwood (Hevea
brasiliensis) compare favorably with those of traditional
hardwood species such as White Meranti (shorea-anthohypochra),
Ramin (Gonystylus spp.), Tanguile (Shorea-rubropolysperma) and
others. Thus, rubberwood has become acceptable in the
international market as a substitute material for furniture and
joinery products. The material has also attained some degree of
acceptance in the production of joinery products such as windows,
doors and mouldings. The use of a computer software developed by
CIRAD-Forét (Nogent sur Marne, France), entitled "Tropical Wood
Species (TWS) Data Base Software®, has indicated more
substitution possibilities for rubberwood on the basis of
similarity or affinity of some of the characteristics or
properties to those of some timber species which are currently
popular and high-valued in the international market.

More extensive processing of rubberwood into marketable end
products will lead to: (a) potential increase in new jobs; (b)
the increase of foreign currency earnings, which is greatly
needed by the economic development programmes of the rubber-
producing developing countries; and (c) enhancement of the degree
of its relevance to the current concern of environmentalist
movements over the depletion of the earth’s natural forests.
However, further progress in this direction may be attained only
if two major problems in rubberwood processing are addressed
immediately and handled properly. These problems are: (a) the use
of toxic or carcinogenic preservatives in the industry’s efforts
to minimize, if not prevent, biodegradation of the material when
in use; and (b) the techno-legal acceptance of rubberwood as a
material for the buildings and construction industries as
provided in the building codes of potential user countries.
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THE POTENTIAL ROLE OF RUBBERWOOD IN THE FOREST ECONOMY
OF RUBBER PRODUCING DEVELOPING COUNTRIES

I. INTRODUCTION

A. What is Rubberwood

Rubberwood is the term given to the ligno-cellulose portions
of the rubber tree, Hevea brasiliensis being the most common
species in Asia’s tropical regions. The term rubberwood commonly
refers to the stem, branches and twigs of the rubber tree. The
size and length of stems, branches and twigs vary according to
the age, clone type, and soil and climate of the tree’s habitat.
The diameter of stems of mature rubber trees (25 to 30 years old)
vary from 30 to 45 cm. at breast height. 1In isolated cases,
however, rubber tree stems with diameters of 1 meter or more (at
breast height) were found, like the 40-50 year old rubber trees
in Dong Nai rrovince, Viet Nam, and the 35-40 year old rubber
trees in Zamboanga and Basilan provinces of southern Philippines.
These old rubber trees, however, exhibited very marked tapers,
30° or more, from ground to breast height.

Rubberwood is generally a light coloured wood, with varying
grain configurations, fine to medium coarse, depending on which
part of the tree the sawn timber came from and the age of the
tree when cut. Sawn timber cut from the lower part of the stem
near the stump tend to be coarser than sawn timber cut from
higher portions of the stem below the first branch. Younger
stems give finer grained sawn timber than stems over 30 years
old. Coarser and wilder grain patterns are exhibited by sawn
timber cut from stem areas near the branches of rubber trees
which were not properly trimmed/pruned during the early growing
stage of the tree.

The rubber trees which are currently grown in Asian tropical
areas came from the Para region of Brazil in south America, as
early as the latter part of the nineteenth century, where the
trees could not be raised as plantation trees, owing to their
propensity to attacks by fungi and insects which dwell in the
forests of the Psra region. Fortunately, this handicap was not
manifested when the rubber trees were transplanted to Asian
tropical regions, where they now thrive successfully as
plantation trees. Rubberwood is popularly known as "Parawood"”
in Thailand, probably a reference to or recollection of its
original habitat in Brazil. It appears that the Asian version
of Hevea brasiliensis thrive well in humid tropical areas with:
a) more or less even rainfall throughout the year:; b) absence of
strong winds and heavy rainfall brought about by typhoons or
cyclones; and c) fertile soil in well-drained areas.

There are hundreds of other latex bearing plants. However,
only a few among these are commercially exploited for the
production of natural rubber due to problems in extracting latex
and unacceptable quality of the product. A. C. Sekhar lists some
of these species for purposes of general information, as follows:




_2_

i. Parthenium argentatum: Generally found in North
Central Mexico and Southern Texas; locally known as
"guayule™; a desert adapted plant:;

ii. Castilla elastica: A tall (20 m) and stout tree,
found in Mexico, Bolivia and Brazil. The tree has a
~elatively smooth bark and is the main source of
castilla Panama rubber;

iii. Manihot glaziovii: Native of South America, the tree
is of medium heizht (9 m), with a thin, scaly and
glossy bark. It thrives well in dry rocky areas.
This tree is the source of "ceara™ rubber;

iv. Ficus elastica: A large tree spreading with numerous
large buttress roots; a native of Asia. It is also
known as India or Assam or Rambong rubber tree;

v. Cryptostegia grandiflora and C. madagascariensis:
Native to Madagascar, the tree is an ornamental wood
climber; found in subtropic and tropical areas;

vi. Taraxacum koksaghyz: A perennial herb found at
elevat .ons of 1800-1900 meters above sea level; the
plant is a native of Asia and withstands severe winter
and drought; also known as dandelion rubber:

vii. Funtumia elastica: A tall and slender tree with a thin
bark, found in tropical Africa; the tree is the source
of Lagos silk rubber;

viii. Hevea Brasiliensis: A sturdy, quick growing, tall
tree, the Hevea is a native of Brazil; and is grown in
plantations in Asia, Africa and America; this tree is
the most important commercial source of natural
rubber. Several clones of the species have been
developed in various rubber producing countries with
a view to increasing the yield of latex; and lately,
increasing the timber yield also. The mcst important
Hevea species is the Hevea brasiliensis Muell. Arg
from which almost all of the world’s supply of natural
rubber is currently obtained.

B. Rubl i Utilization - Brief Hi e its Devel !

In the early part of this century, rubberwood was mainly
used as fuelwood to smoke latex sheets and for household cooking
purposes. Yet, the volume of rubberwood, stems and branches, was
still much more than what could be consumed for fuelwood
purposes; so *hat a huge volume of rubberwood still had to be
burned in the fields, preparatory to replanting activities. A.
C. Sekhar recalls that it was in tne early part of 1950’s that
suggestions to exploit timber from the rubber trees were proposed
by D. . Grant. This was followed by a manual prepared by A. T.
Edgar in 1958 showing the advantages of mechanization in felling,
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clearing and maintenance of roads and drainage systems in the
rubber plantations.

Pressed by the acute shortage of timber in the country, Sri
Lanka started to fabricate simple designs of school desks and
schoolroom furnishings in the late ‘60s and early ’‘70s. These
efforts led to the reaiization that proper sawing, preservation
and seasoning of sawn rubberwood are the keys to better quality
end product, which formed the basis for studies on rubberwood
utilization done by the Forest Department of Sri Lanka in 1971.
Similarly, during the late ’60s and early ‘70s, Thai furniture
manufacturers have cast their eyes toward the use of rubberwood
by the industry, seeking the help of the Thai Furniture
Development Centre, Industrial Service Institute, to solve the
problem of blue staining, and provide some indications of
possible ways to overcome the instability of rubberwood.

Realizing the economic potentials of rubberwood, the
Malaysian government, through the Forest Research Institute,
Kepong, in cooperation with the Rubber Research Institute of
Malaysia, Kuala Lumpur, and supported by other government
agencies involved in the rubber industry (MTIB, FELDA, RISDA,
etc.), launched massive development activities during the mid
’70s and early ’80s aimed at intensified industrial utilization
of rubberwood. Parallel activities were also conducted by the
Thai rubber industry during the period. This period may be
called that of the "Industrial Modernization of the Rubberwood
Processing Industry”.

Salleh Mohd. Nor, in 1984, drew up a list of products
successfully manufactured out of rubberwood in Malaysia as
follows:

useho niture urnishings: Apron sets; bedroom sets;
benches; cabinets; chests; dining sets; doors; drawer components;
folding chairs and tables; garden sets; kitchen cabinets; living
room sets; magazine racks; picture frames; plant stands; rocking
chairs; screen partitions; shelves; tables; tea trolleys;
television cabinets; etc.

Handicraft and Novelty Iteus: Bread boards; carving boards;

chopping boards; fruit boards; gift hoxes:; ice buckets; jewelry
boxes; knife blocks; pepper and salt sets; salad bowls; steak
plates; toys; wine racks; etc.

: Sawn rubberwood timber; plywood;
hardboard; etc.

: Doors; parquet
flooring; mouldings; moulded hardboards; toilet seats; panelling;
etc.

Lately, Malaysia and Thailand have met with success in the
manufacture of particle board and medium density fibreboard using
100 percent rubberwood material inputs. This development leads
to the utilization of all the ligno cellulosic components of the
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rubber tiee with diameters below 15 cm. Furthermore, the recent
advances in finger-jointing and edige-gluing (lamination)
techniques have opened a wide range of new end products for
rubberwood. The use of rubberwood in the construction and home
building industries, however, is still only limited to non-load
up to light-load bearing components pending results of studies
on its use in frame-construction methods similar to those

C. The Rubber Tree as a_Renewable Resource of Timber
1. Worldwide availability

Recent estimates of current plantation area, growing stock
and annual log harvest potential for the next five years (1992-
1997) in the world’s major rubber producing regions are shown in
Table I.

Table I. World Rubberwood Supply, 1991
Rubber Planted Growing Stock Rubberwood Log

Region Area, 1000 Ha. D>5cm, 1000m®> Harvest potential
1000m>/yr,1992-97

Latin America 251.8 19,637 149
Africa 489.8 54,432 835
Asia 8,241.3 791,558 9,675

Total 8,982.9 865,627 10,659

Source: INDUFOR, Helsinki, Finland

The foregoing figures indicate that on the basis of the
reported 3.45 billion cubic meters of round logs production in
1991, the rubber tree, properly and adequately maintained, will
provide an appreciable volume of about 0.3 percent, vis-a-vis the
traditional timber species, of the world’s timber needs during
the last decade of this century, hopefully continuing intc the
early decades of the next century.

The potential harvest of rubberwood logs in selected rubber
- producing countries of Asia, compared with their respective
production of traditional timber species is shown in Table II.
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Table J]I. Estimated total Logs Harvest of Rubberwood and
Traditional Species in Selected Asian Countries, 1990
(x 1000 m?)
Country Rubbervood * Traditional %2 Ratio, Rubberwood to
Species** Traditional Specjes
India 666 25,254 2.64
Indonesia 270 29,552 0.91
Malaysia 1,350 21,818 6.19
Sri Lanka 170 736 23.10
Thailand 1,638 5,280 31.02
Sources:

* Data is for Sawlogs of Veneer logs
*k FAO Yearbook of Forest Products, 1979-1990, Rome, 1992

It will be noted from Table II that rubberwood has become
a significant contributor (from 0.9 and 2.6 percent for Indonesia
and India, and attaining 23.1 percent and 31.0 percent in the
cases of Sri Lanka and Thailand respectively. Malaysia’s figure
is mid way between the two, it is bound to rise with the
reduction of log extraction in Sabah and Sarawak) in the total
timber production of Malaysia, Sri Lanka and Thailand. With the
current trend among timber producing developing countries in Asia
to limit, if not totally ban, logging operations in their natural
forests, the importance of rubberwood in solving these countries’
timber supply problems should be expected to increase. Except for
Indonesia, most other rubber producing countries in the region
have plans to develop further their rubber industry, this time
giving more attention to the rubberwood processing industry. The
outlook may be expected to brighten, now that rubber planters are
being made to realize that there is value added to the rubber
tree when the stems and branches are converted into marketable
wood products, so that rubber tree replanting activities will not
be postponed due to one reason or another.

It must be realized, however, that rubber growers will most
likely only plant rubber if there is money in it. In Malaysia,
rubber tree farmers are switching to palm oil, while in Kerala
(India), they are replacing rubber trees by cash crops like
cassava, corn, bananas etc. In the Philippines rubber trees are
being replaced by fruit trees.

on-going research and development work to produce clones of
rubber species which will give greater yields of both latex and
timber will also enhance the future of the rubberwood processinrg
industry. Latest reports from the Forest Research Institute of
Malaysia, Kepong, indicated that such a clone has already been
developed and identified. However, more work has to be done to
raise the clone on a commercial basis. Hence, any benefits
expected from the commercial exploitation of this clone may be
attained only during the second decade of the 21st century, at
the earliest.
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2. Cutting Cycles and Replanting Periods

Common acceptance in the rubber industry identifies the
replanting period as the time elapsed from planting to cutting.
Based on economic studies, the desirable replanting period is
from 25 to 30 years. However, actual cutting practices,
influenced heavily by local environmental conditions and the cash
position of the rubber plantation owner, range from 20 to 40
years, and in some isolated cases, even longer.

The length of the replanting period has a bearing on the
total economic value of the rubber tree. It is held that when
the amount spent for the maintenance and upkeep of the rubber
tree becomes higher than the value of latex produced by the same
tree, it is justified to cut down the rubber tree for replanting
purposes. This quideline, however, is hardly applicable to
plantations where the maintenance and upkeeping activities are
very minimal, more often than not, only occasional efforts to
cut the undergrowth, and none of the accepted silvicultural
practices (use of fertilizer, thinning, etc.) designed to attain
maximum latex yield. This situation is often encountered among
smallholders who do not have the financial capability to support
such practices. This situation results in lower latex yields.
On the other hand, the timber yield is increased as the tree stem
and branches grow bigger with age. This situation becomes very
significant in countries where a big majority of the rubber
plantation area is owned by smallholders. Thus, estimates of
rubberwood availability based on the 25-30 year cutting cycle may
have to be reviewed to consider the effects of the actual
practices of smallholders.

Studies at the Rubber Research Institutes in Kuala Lumpur,
Malaysia and Kottayam, Kerala (India) indicate that different
clones do not have the same cutting cycles and replanting
periods. Furthermore, the type of soil and 1local climatic
conditions also influence the 1length of replanting period.
However, in the absence of actual studies determining the length
of rotation period replanting periods in their own country’s
rubber industry, some Asian countries (Indonesia, the
Philippines, Viet Nam, for example) use or are guided by the 25-
30 year cycle used by the Malaysian rubber industry. Even the
other major rubber producing countries of Asia (Thailand, India,
Sri Lanka, for example) recomme.)d cutting cycles and replanting
periods very similar to, if not the same as, those practised by
the Malaysian rubber industry.

Another factor which may delay replanting activities for a
few months in the year is the heavy rainfall season. There are
areas in the Asian rubber producing region which are regularly
subject to heavy rainfall (the monsoons) during 3 to 6 months in
the year. The rainfall makes the soil so sodd=zn (mud as deep as
24 cm.) that it is impossible to do any tree felling and yarding
work at all (as in some areas of southern Viet Nam, Sri Lanka,
southern India, and Mindanao in the Philippines).
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II. CURRENT AND POTENTIAL USES OF RUBBERWOOD

A. Physical Properties of Rubberwood and Potential End Uses
Selected physical and mechanical properties of rubberwood
(Hevea brasiliensis) are presented in Table III.

Tab.e III. Selected Physical and Mechanical Properties of
Hevea brasiliensis

Rubberwood

(o} ies evea jliensis
Density (kg/m* at 16 percent MC) 560-640kg/m*
Tangential Shrinkage Coefficient (percent) 1.2
Radial Shrinkage Coefficient (percent) 0.8
Hardness (N) 4,350
Static Bending, N/mm2, @ 12 percent MC 66
Modulus of Elasticity, N/mm2, € 12percent MC 9,700

Source: FRIM, Kepong, Malaysia

Annex 1 1lists more details on the characteristics,
habitat, drying requirements, machining properties, end-uses,
etc. of Hevea brasiliensis, courtesy of CIRAD-Forét.

Comparison with other latex bearing tree species, mentioned
earlier in this report, is not possible because the corresponding
data on physical and mechanical properties are not available at
this writing.

A comparison of the physical and mechanical properties of
rubberwood (Hevea brasiliensis) vis-a-vis other tropical timber
species is facilitated with the use of the Tropical Wood Species
(TWS) Data Base Software, developed by the CIRAD-Forét. Using
the properties of rubberwood (Hevea brasiliensis) as the basic
yardstick, a step-wise selection was made to identify other
timber species which possess similar or not too different
prcperties as the basis. Three levels of selection were applied
to a list of 200 tropical wood species.

The first selection level used parameters involving purely
physical characteristics, such as colour, texture, interlocked
grain, and density. A total of 62 species were identified to have
the same colour range (white to yellow), the same texture range
(medium to coarse) and within the density range (550 to 750
kg/m*, at 12 percent MC). The more commercially known among those
species are:
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Almon (Shorea-rubro almon)! Pinus kesiya'

Bintangor (Calophyllum spp.)? Pinus merkusii?

Gerutu (Parashorea spp.)*® Ramin (Gonystylus spp.)®

Imbuia (Ocotea Porosaj)? Sapelli (Entandrophragma

Iroko (Melicia excelsa-regia)? cylindricum)’

Kapur (Dryobalanops spp.)* Seraya White/Bagtikan

Kosipo (Entandrophragma c.)> (Parashorea Malaanonan)*

Meranti White (Shcea-antho Serinqueira (Hevea spp.)?
hypochra)? Tangile (Shorea-rubro

Merpau (Swintonia floribunda- polysperma)?
spicifera-spp.)* Teak (Tectona grandis)*™

Mersawa (Anisoptera spp.)*

This emphasizes the potentials of rubberwood to be readily
used as substitute for the above-listed popular tropical wood
species, except in applications where specific mechanical
properties beyond those exhibited by rubberwood are dominant in
the product’s design. Because of the ease of staining rubberwood,
it is also of interest to note that rubberwood can be used as a
substitute (principally for appearance aspects) for such high-
priced tropical African wood species as Iroko and Sapelli, and
the southeast Asian Ramin, Meranti, Mersawa, Seraya, Merpau,
Kapur, Tangile and Teak which make up more than 75 percent of the
volume in Asian timber trade.

In the second selection level, only the fairly hard of the
62 species were accepted. This reduced the number of possible
equivalents of rubberwood (Hevea brasiliensis) to 48, the more
commonly known among which are:

Bitangor*/? Kapur® Merpau® Ramin*
Gerutu® Kosipo® Mersawa' Sapelli?
Iroko® Meranti White' Pinus Kesiya' Teak'/?

This points out that, adding hardness characteristics to the
aesthetic physical properi.ies used in the first selection level,
rubberwood can be usea as a substitute for timber species which
compose more than 50 percent of the timber trade movement in
southeast Asia, tropical Africa and Latin America.

The third selection level involved the addition of two
mechanical properties of Hevea brasiliensis: a) modulus of
elasticity of 7,000 to 10,000 N/mm? and b) static bending
characteristic of 75 to 100 N/mm?, to the properties used in the
first and second selection levels. Only two wood species were
left after the third selection level: Kosipo (Entandrophragma
candollei) and Imbuia (Ocotea Porosa), which have comparable
modulus of elasticity and static bending properties as Hevea

! Commonly found in Asia
? Commonly found in Latin America

> Commonly found in Africa
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brasiliensis, but none of which is much known in the
international timber market. Kosipo’s main habitat is tropical
west Africa and equatorial Africa; Hevea spp. is found in
tropical regions of south America, southeast Asia, Equatorial
Africa, tropical west Africa and India; while Imbuia is
principally found in southern Brazil.

A separate selection done by using only mechanical
properties of Hevea brasiliensis as the identification parameters
for equivalent tropical wood species gave the following results:

The first selection level, which collected all tropical wood
species with crushing strength of 25 to 45 N/mm?, identified 41
species, the more commonly known among which are:

Agathis (Agathis alba-lanceolata-moorei-obtusa)’
Almon (Shorea-rubro almon)*

Ayous (Triplochiton scleroxylon)?

Agacu (Hura crepitans)?

Cedro (Cedrela spp.)?

Ilomba (Pycnanthus angolensis)?

Jelutong (Dyera Costulata)*

Lauan Yellow (Shorea-richeia kalunti-Shorea-antho assamica
& polita)*

Mayapis (Shorea-rubro palosapis)*

Meranti Light Red/LRM (Shorea-rubro spp.)*
Okoume (Aucomea klaineana)?

Pinus Patula*”?

Virola (Virola spp.)?

Yemane/Gmelina (Gmelina arborea)®’?’?

The second selection level identified, among the species
from the first selection level, all those which have a modulus
of elasticity of 7,000 to 10,000 N/mm?. A total of 35 species
were selected. Except for Virola, all the more commonly known
species chosen in the first selection level, as listed above,
have the desired modulus of elasticity.

Oon the third selection level, a static bending property of
50 to 75 N/mm?, in addition to the parameters used in the first
and second selection levels, was applied to the list of species
chosen at the second selection level. The species with crushing
strength, modulus of elasticity and static bending properties
equivalent to those of rubberwood was reduced to only 21. These
are:
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Aiele (Canarium velutinum)? Lauan Yellow'
Ako (Antiaris toxicaria)® Marupa (Quassia simarouba)?
Agacu? Muiratinga (Maquira
Cedro? coriacea)?
Copaiba (Copaira multi juga)? okoume?
Couroupita/Macacarecuia Ovoga (Pola oleosa)®
(Couroupita spp.)? Para-para (Jacaranda copaia)?
Duabanga (Duabanga Sesendok (Endospermum
moluccana)? malaccense-medullosum-
Faro (Daniellia spp.)- peltatum)*
Faveira (Parkia spp.)- Tamboril (Enterelobium
Geronggang (Cratoxylon spp.)* contor-tisiliquum-
Ilomba (Pycanathus cyclocarpum—maximum)?
angolensis)? Yemane/Gmelina'/*/?
Kondroti (Rhodognaphalon
brevicuspe)?

Graphical representations of the comparative physical and
mechanical properties of rubberwood and other selected
traditional timber species cf Africa, Southeast Asia and Latin
America are shown in Figures 1 to 5.

Figure 1 compares graphically selected physical and
mechanical properties of rubberwood (Hevea brasiliensis) and
two well known Southeast Asian timber species: Seraya
white/Bagtikan (Parashorea maalanonan) and Mersawa (Anisoptera
spp.). While the densities and hardnesses of the three timber
species are about the same, rubberwood exhibits significantly
lower volumetric, tangential and radial shrinkage
coefficients. This indicates that the joints in rubberwood
furniture or joinery items are comparatively more stable than
those in products made of the other two timber species. The
moduli of elasticity of the three timber species are about the
same magnitude, but the compression and static bending
characteristics of rubberwood are definitely lower than those
of the other two species, which makes rubberwood a better
material for product components which are subjected to
compression and static bending, such as chair legs and seat
frames. Annexes 2 and 3 give more details on the properties,
habitat, and other pertinent data on Seraya White/Bagtikan and
Mersawa, respectively, courtesy of CIRAD-Forét.
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Similarly, Figure 2 compares dgraphically selected
physical and mechanical properties of rubberwcod to two well-
known, highly-valued African timber species: Sapelli
(Entandroplrragma cylindricum) and Jroko (Milicia excelsa-
regia), on the other hand. The densities and hardness
characteristics of the three timber species do not differ
greatly. However, as in the case of Seraya White/Bagtikan and
Mersawa, rubberwood has lower shrinkage coefficients and
compression and bending properties than the two African
hardwood species. The moduli of elasticity of the three
timber species being compared do not differ greatly. It was
indicated above that it is readilvy possible (through the use
of wmodern wachining and finishing techniques) to =make
rubberwood look like Sapelli and Iroko for their appearance
characteristics (colour, grain configuration, texture, and
density) are not very far apart. Annexes 4 and 5 give more
details on the respective characteristics and properties of
Sapelli and Iroko.

Rubberwood is again compared, in Figure 3, with two well-
known Southeast Asian timber species: Ramin (Gonystylus spp.)
and Tangile (Shorea-rubro polysperma). While, in general, the
similarities and differences between rubberwood, on one hand,
and Ramin and Tangile, on the other hand, follow the same
pattern as those exhibited in the previous comparative cases
(Figures 2 and 3), the difference in the volumetric,
tangential and radial coefficients of shrinkage 1is much
greater in this case. Although rubberwood has about the same
modulus of elasticity as tangile, Ramin has a significantly
higher modulus of elasticity than the other two species. Thus,
when substituting rubberwood for Ramin, product design
requirements of material elasticity should be thoroughly
considered. More details on the properties of the two
southeast Asian species are given in Annexes 6 and 7,
respectively.

Two other wood species were found to possess properties
and characteristics very similar to rubberwood (by the CIRAD-
Forét nethod) : an African species called Kosipo
(Entandrophragma candollei) and a South American (South
Brazil) wood species named Imbuia (Ocotea porosa). Figure 5
shows the comparative properties and characteristics of
rubberwood, as against these other two wood species. Again, in
spite of all the similarities indicated by the CIRAD-Forét
method (see Annexes 8 and 9 for more detailed properties and
characteristics of Kosipo and 1Imbuia) rubberwood has very
definitely lower coefficients of volumetric, tangential and
radial shrinkage, which would indicate that more stable joints
could be made of rubberwood than these other two species.

Another comparative illustration is given in Figure 5
where rubberwood is compared with two other well-known timber
species of southeast Asia: Pinus Kesiya and Meranti white
(Shorea-antho hypochra). Density and hardness characteristics
are very similar for the three wood species. Again,
rubberwood exhibits significantly lower shrinkage coefficients
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than the two southeast Asian species. In the same manner but
to a lesser degree of difference, rubberwood possesses lower
compression, static bending and modulus of elasticity than
Pinus kesiya and Meranti White. It is thus indicated that
moves to substitute rubberwood for the two southeast Asian
wood species should be done only after due consideration of
the product design aspects involving shrinkage, compression,
bending and elasticity. Annexes 10 and 11, respectively, give
more detalls on the properties and characteristics of Pinus
kesiya and Meranti White.

B. Machining Properties of Rubberwood

The machining properties of rubberwood do not differ greatly
from those of the timber species discussed in the preceding
paragraphs. Previous studies and experiments emphasized that the
following machining properties must be considered when planning
or expanding rubberwood processing operations:

There is normal blunting effect during sawing and machining
operations. Ordinary or high speed steel may be used for saw
teeth. However, due to possible existence of internal stresses,
it is advisable to keep saw teeth always with sharp edges, for
latex tends to clog the saw teeth.

It slices or peels well for conversion into veneer.

Standard cutterheads and profiled knives may be used to work
on rubberwood. However, a better and smoother moulded surface
is obtained when the cutting angle is reduced from the standard
27° to 15°, with a corresponding increase of the clamping jaw
length from 22mm to 25mm. Similarly, an increase in cutterhead
diameter from the standard 125mm to 180mm is indicated to reduce
the depth of the cutter marks, thus giving a better finish. Lower
feed speeds (8-12 meters per minute, at cutterhead speeds of
5,500~6,000 RPM) are also recommended.

The presence of latex in rubberwood tends to clog the router
bit groove with fine routing dust or chips. This may be avoided,
or its effects diminished, by using router bits with larger
clearance angles than standard.

Rubberwood can be turned without burn marks or tear-outs on
standard lathes. Similarly, the wood is easy to tenon, drill or
bore. Good profiles and smooth edges may be obtained on a
vertical spindle moulder by observing the same recommendations
given above for multi-cutterhead operations.
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C. Drying and Sanding Properties of Rubberwood

Kiln-drying schedules for rubberwood (using conventional hot
air convection type of kilns) compares well with that for Light
Red Meranti, although it Jjs faster than that for Dark Red
Meranti, according to the findings of K.S. Ho and K.T. Choo.
However, the transition from pre-drying to drying dry-bulb
temperature levels (at about 65°-66"C) is done at a much more
gradual rate. Drying time (from 60 percent down to 10 percent MC)
is about € days for 25mm boards and 10 days for 50mm boards.
Incidence of warping and splitting degrades were found to be
directly related to the presence of "core wood"* mixed with
heartwood resulting from the sawmilling pattern used.

More recently, the vacuum technique of drying was applied
to dry rubberwood and was fcund to be effective in cutting short
the drying time to a matter of hours, instead of days when drying
with the use of conventional hot-air kiln-driers.

It was found that adequate drying (10 percent-12 percent MC)
is a prerequisite for effective sanding of rubberwood boards.
Furthermore, the use of open-coat aluminum oxide sanding sheets/
belts is preferred to other types of industrial abrasive, due to
the heating effect of the latex content of rubberwood.

D. rluing and Assembling Properties of Rubberwood

Most types of industrial adhesive material currently
available can be effectively used to join or laminate rubberwood
furniture or Jjoinery product components, using conventional
pressing jigs and fixtures. However, urea melamine formaldehyde
glue is recommended for applications which require water
resistant adhesive.

E. Finishi Painti cteristics 00

Manufacturers’ experience show that most finishing material
systems (coatings) now available in the market can be used on
rubberwood products. Special attention, however, is required to
prevent grain raising and to fill open grains, particularly on
the edges of laminated rubberwood boards. This is done by
"sealer-sizing® and the use of high viscosity/high solid
contents sealer material. Applying wood filler on rubberwood
surfaces helps eliminate open grains. Using 240 grit sandpaper
on final sanding helps attain good adhesion between rubberwood
surfaces and coatings.

F. Durability aspects of the use of rubberwood

Rubberwood, being easily subject to attack by fungus and
wood borers, requires preservative treatment. A number of
preservative formulations have been used in the rubberwood
processing industry, among which are mixtures based on

* Less dense central part of the heartwood




Pentachlorophenolic (PCP) compounds, Copper-Chrome-Arsenate
solutions; and the Borate/Boric Acid system. The carcinogenic
properties of PCP has led to discontinuance of its use for
preserving rubberwood products. The toxic properties of CCA has
limited its use to applications that present minimum exposure of
human beings to the CCA-treated wood products. Thus, the
Borate/Boric Acid system has become the most popularly used
rubberwood preservative today.

G. Indicated End Uses for Rubberwood

Discussions of the properties and characteristics of
rubberwood in the preceding paragraphs indicated a wide range of
end uses for the wood species, based on the physical mechanicai
properties of the traditional wood species it will replace.

Rubberwood can be used for the manufacture of plywood.
However, the size of the end product is ordinarily limited to a
maximum of 900mm (3 ft.) x 1800mm (6 ft.), as 2400mm (8 ft.) logs
are seldom cut in sufficient quantities out of existing rubber
tree stems.

At the moment; the use of rubberwood in the building and
construction industries is 1limited to non-load bearing
components, such as mouldings and wall panelling, which is
dictated by the smaller sizes of rubberwood boards that can be
cut from rubber tree stems. However, the current knowledge on
laminating techniques may be developed and applied to allow the
composition of rubberwood beams for construction use on a
commercial scale.

The use of rubberwood for floor parquet tiles is currently
well known and developing into a good sized industry even in
small rubber producing countries like the Philippines. In fact,
blue staining is no longer considered a problem; rather, blue
stained parquet tiles laid in aesthetically sound patterns have
become acceptable to both building architects and owners for both
flooring and wall panelling purposes. Bleached blue-stained
parquet tiles may even find use in ceilings and wall appliques.

There is no question that rubberwood can be used in the
furniture and joinery industries, not only as a substitute for
traditional species like Ramin, Meranti, Lauan etc., but on its
own merits due to its uniform grain configurations, physical and
mechanical characteristics and machining, assembling and
finishing properties. Currently, Malaysia and Thailand enjoy the
lead in the processing of rubberwood into furniture and joinery
products among south and southeast Asian rubber producing
countries. The more popular rubberwood products are furniture
items for the living and dining rooms.

A more intensive utilization of rubberwood in woodworking
plants is attained by the conversion of wood wastes generated
during secondary processing operations into marketable products
such as toys, novelty items (such as ashtrays, pen holders,
decorative appliques, etc.), instead of using the wood wastes as
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fuelwood for the generation of steam for industrial heating
purposes. Such a tertiary rubberwood processing plant is found
in Kerala, India.

As an ultimate end-use for rubberwood wastes generated
during the secondary and tertiary rubberwood processing
industries, the rubberwood charcoal briquette provides a
smokeless source of heat for home cooking purposes. The
developme.at work for the manufacture of rubberwood charcoal
briquettes has recently been successfully completed in Davao
City, southern Philippines, using locally fabricated machinery
and production fixtures. Plans for the commercial production of
the briquettes and the corresponding cooking stove are now being
finalized.

H. echni equij t b od t (o]
Traditional Wood Species

There are certain technical guidelines and conditions by
which rubberwood can successfully replace some of the better
known and well accepted traditional wood species. Most of these
are already being followed and still being improved in the more
advanced rubberwood producing countries of Asia: Malaysia and
Thailand. However, the existing rubberwood processing industries
in other Asian countries still have to adapt these guidelines and
conditions to their respective country’s industrial development
levels.

Foremost of these conditions are proper preservative
treatment and adequate seasoning. It is necessary that rubberwood
be treated with chemicals that will prevent attack by fungi and
wood borers. The choice of the preservative chemical and the
method of its application, however, is subject to government
regulations (both of the supplier and buyer countries) covering
the use of such chemicals. A 100 percent penetration, i.e. the
whole cross-section and 1length of the wooden piece is
sufficiently penetrated by the chemical, is, of course, the ideal
condition which will help lengthen the service 1life of the
product made of rubberwood. Also of prime importance, during the
industrial processing of the material, is that rubberwood should
be dried down to a maximum of 12 percent MC to attain the
desirable moisture content level necessary for good machining.
However, it may be necessary to further dry rubberwood, to the
8-10 percent level, if the end product is to be exported to and
used in areas where the existing equilibrium moisture content
(EMC) is within these lower MC levels.

Rubberwood users must recognize the fact that owing to the
relatively smaller size of rubber tree stems, commercial size
boards with cross-sections larger than 25mm x 100mm (1 in. x 4
in.) or 50mm x 75mm (2 in. x 3 in.) are not readily available in
quantity. Furthermore, again because the rubber tree does not
grow tall enough to produce 1long stems, the most commonly
available rubberwood board lengths seldom exceed 1800mm (6 ft).
However, current finger-jointing and wood laminating techniques
are able to produce wider and longer rubberwood components.




Product design and manufacturing techniques, using rubberwood as
the primary material, therefore, should take into consideration
these size limitations of rubberwood boards.

Except for desirable adjustments in cutting angle and knife-
set backing on moulder and planer cutterheads; wider grooves on
router bits and slower feed speeds for optimum machining
efficiency, rubberwood can be worked on using conventional
woodworking machines.

Adequately seasoned rubberwood allows the effective
application of existing adhesive and finishing material systems
on the material, using available conventional gluing and
finishing eguipment and jigs and fixtures. No specific
adjustments are needed to make up for whatever effects the
presence of latex does in gluing and finishing operations using
rubberwood as the substrate material.

The basic supply requirement for rubberwood logs is a round-
the-year availability of de2sired volumes of the material.
Observations in some rubber producing countries in Asia indicate
that the least developed link in the chain of activities that
convert the rubber tree stem and branches into marketable wood
products is that portion which include felling, yarding and
transport of the material from the rubber plantations to the wood
processing plants. The problem is more serious in areas where
continuous rain periods exist, thus preventing year round
rubberwood logging operations. Localized solutions to this
problem has proven ineffective, leading to problems in assuring
a year round supply of rubberwood logs.

The following paragraphs compare the traditional timber
species and rubberwood log (industrial roundwood) production of
selected countries in tropical Asia during the period 1985-1990.
Table IV shows the comparative data for India; Table V, for
Indonesia; Table VI, for Malaysia; Table VII, for Sri Lanka; and
Table VIII, for Thailand. Corresponding data for China and Viet
Nam are not available. There was hardly any rubberwood logging
in the Philippines during the period, an effect of the country’s
agrarian reform laws. Thus, it was deemed pointless to make the
corresponding comparison for the Philippines.

Table IV shows that there has been an appreciable growth
(3.5 fold) in rubberwood production during the period 1985-1990.
Correspondingly, the participation of rubberwood in the total
industrial log production of India rose from 0.505 percent in
1985 to 1.796 percent (in 1990) of the sawlog and veneer from
traditional timber species.
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Table IV. Sawlog and Veneer log Production in India, 1985 and
1990, (x 1,000m*)

Year Traditional Rubberwood** Ratio of Rubberwood

s2rd. R ; .
{percent)

1985 18,350 (est.) 92.67%* 0.505

1990 18,350 (est.) 329.61%** 1.796

Sources:
* FAO Yearbook of Forest Products, 1979-1990, Food and
Agriculture Organization of the United Nations, Rome, 1992
** ®"p Study of Rubber Wood Market™, by V. Haridasan, Rubber
Board Bulletin, Vol. 22, No. 1, Kcttayar, 1987
*#** Data furnished by the United Planters Association of
Southern India, 7 July 1992

Table V indicates that rubbe: vood industrial log production
in Malaysia doubled during the period 1985-1989, while industrial
log production of traditional species showed an increase of
roughly 43 percent. However, the outlook for the following five-
year period appears brighter since more rubber plantations are
expected to reach the mature age for replanting. Nonetheless, it
may be realistically summarized that rubberwood’s share in the
Malaysian timber industry will grow to attain 3 to 5 percent of
the volume of traditional timber species produced.

Table V. Sawlog and Veneer log Production in Malaysia, 1985-
1990, (x 1000 m*)

Year Traditional Rubberwood#**# Ratio of Rubberwood

Species* to Traditional Species
(percent}
1985 28,652 595 2.07
1986 29,879 696 2.32
1987 35,111 898 2.55
1988 38,980 1,241 3.18
1989 41,011 1,103 2.68
1990 41,011 (est.) 971 2.36

Sources:
* FAO Yearbook of PForest Products, 1979-1990, Food and
Agriculture Organization of the United Nations, Rome, 1992




Among the Asian countries which were the subject of this
study®, it appears that rubberwood’s share in the total supply
of industrial logs in Thailand is the largest, amounting, in
1990, to as much as 695 percent of the log production from
traditional species. This could be partly due to the fact that
Thailand was among the first Asian countries to ban logging
activities in its natural forests and also realized the potential
benefits to be derived from the development of its rubberwood
processing industries. Table VI shows how rubberwood grew in
importance in the country’s total industrial log supply during
the period 1985-1990.

Table V]. Sawlog and Veneer log Production in Thailand, 1985-
1990, x 1,000 m?)

Year Traditional Rubberwgood** Ratio of Rubberwood

Species* to Traditional Species
{percent)

1985 1,875 2,047 est. 109.17

1986 2,015 2,047 est. 101.58

1987 2,149 3,050 141.92

1988 2,048 3,050 est. 148.92

1989 919 3,050 est. 331.88

1990 492 3,418 694.71

Sources:

* FAO Yearbook of Forest Products, 1979-1996, Food and
Agriculture Organization of the United Nations, Rome, 1992

*k Planning Department and ORAFF (Office of Economic
Statistics), Ministry of Agriculture and Cooperatives,
Royal Government of Thailand

During the period 1985-1990, rubberwood industrial logs were
processed into marketable products according to the breakdown
given in the tables below. Table VII refers to the distribution
by end use in India; Table VIII, in Malaysia; and Table IX, in
Thailand. Unfortunately, corresponding usage distribution
schedules could not be drawn up for Indonesia, Sri Lanka, Viet
Nam and the Philippines either because there was no relevant data
available or that the data available was not sufficient to allow
a realistic and reliable representation of the rubberwood logs
usage distribution.

Table VII shows that about 46 percent of the rubberwood
harvest of India during the period 1985-1990 was used for
producing match veneers and match-stick splints, for which
softwood is the traditional principal material; i.e., rubberwood,
a medium hardwood, was used to replace softwood. Furthermore,

* India, Indonesia, Malaysia, Philippines, Sri Lanka,
Thailand and Viet Nam
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rubberwood was used as a major material input for the tea chest
manufacturing industry, in support of one of the principal export
industries of the country - tea. Only a small portion of the
rubberwood industrial log production was converted into furniture
and joinery items (and their components) - reflecting human
nature: it is used for flooring other essentials first before
less essential items such as furniture and joinery products.

Table VII. Average End Use Distribution of Rukherwood
Industrial Log Production in India, 1985-1990%
(expressed as a percentage of total rubberwood
log production)

End Product % of Total Rubberwood

Furniture &
Joinery items (&

Components) 4.8
Plywood 7.8
Other Products
Packing cases 27.7
Veneers & Splints (Matches)-- 46.5
Tea Chest Panels 13.2
Total - - 100.0
Note:
* The average values for the period 1985-1989 were assumed
also to prevail in 1990.
Source:

*% "Rubberwood Consuming Units in Kerala - Technical
Facilities and Problems"™ by Vijuipe C., et. al., RRII,
Rubber Board Bulletin, 23, No.1, Kottayam, 1989

At the time of writing, no data was available on the end use
distribution of rubberwood industrial 1log production in
Indonesia, Sri Lanka and Viet Nam for the period 1985-1990.

The average end use distribution of rubberwood industrial
log production in Malaysia for the period 1985-1990 (see Table
VIII) reflects two important points:

i. The Malaysian government policy to encourage and support
export-oriented processing of rubberwood; and

ii. The "timber surplus™ status of Malaysia, and its small
domestic market present barriers to the development of the
rubberwood processing industries for domestic consumption
purposes.

It will be noted that during the period 1985-1990 sawn
rubberwood was the predominant export product of the rubberwood
processing industry. Correspondingly, it is indicated that the
manufacture and export of rubberwood furniture items has started
to gain ground during the period. Thus, the decision of the
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Malaysian government to impose a levy (discouragingly high) on
exports of sawn rubberwood in 1990 must have been adopted to
encourage further the processing of rubberwood into higher value-
added products such a furniture and joinery items.

Table VIII. Average Usage Distribution of Rubberwood
Industrial Log Production in Malaysia, 1985-1990
(expressed as a percentage of total rubberwood
log production)

End Product 3 of Total Rubberwood

uct *

Sawn Timber, Treated &

Kiln-Dried 65.29
Furniture and Components---------- 10.72
Others (Sold in Domestic Market)-- 23.99

Total 100.00
Source:
* Calculated values using:

i. Export data of rubberwood products furnished by MTIB,
Kuala Lumpur;

ii. "Availability of rubberwood in Peninsular Malaysia",
Nor’ini Hj.Haron, et.al., Proceedings of the
International Rubberwood Seminar, May 21-22,1990,
Kuala Lumpur; and

iii. "Prospects of further processing of rubberwood", by
Chew Lye Teng and Rozehan Mohd. Idrus, Proceedings of
the International Rubberwood Seminar, May 21-22, 1990,
Kuala Lumpur

Table IX shows a different product mix for the rubberwood
processing industry in Thailand. An intensive utilization of its
rubberwood resources is reflected by the range of uses on which
data is carefully collected: even data on the simplest and basic
use of the material, such as fuelwood and charcoal.

Table IX. Average End Use Distribution of Rubberwood Industrial
Log Production in Thailand, 1985-1990 (expressed as a
percentage of total rubberwood log production)

End Product % of Total Rubberwood
Log Production*
Fuelwood (for Industry)----——-———=—==-- 30.5
Charcoal~======—c—r—rerccc e n e e—— 11.0
Particle Board-------—-——c——ccee--- 16.7
Poles and Piles---=-=-—==cceeccc————- 1.8
Furniture and Components----------- 20.4

Toys, Boxes, Ice Cream Sticks,
Tooth Picks, Clogs, Brush
Handles, Picture Frames, etc.----—- _19.6
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Source:
"Production and wutilization of para-rubber wood in
Thailand®", by Chavalit Urapecpattanapong, presented at the
Workshop in the Expansion of Trade In Rattan and Rubberwood
Furniture, ESCAP, Bangkok, 1991

III. IMPACT OF THE RUBBERWOOD PROCESSING INDUSTRY DEVELOPMENT
ON THE FOREST ECONOMY OF TROPICAL COUNTRIES GROWING RUBBER

The major effects of the development of the rubberwocd
processing industry on the forest economy of rubber growing
tropical countries is readily measured or indicated by:

i. the potential increase in the number of new jobs
needed by the various phases of the developing
industry;

ii. the foreign currency to be generated by the export of
end products of the rubberwood processing industry:
and,

iii. the degree of its relevance to the current concern of

environmentalist movements over the depletion of the
earth’s natural forests; providing some relief of the
pressure on the world’s existing timber resources as
a result of the replacement of traditional timber
species by rubberwood as the prime material input for
certain types of wood processing activities.

Although the potential benefits to be derived from the full
development of the rubberwood processing industries may not be
readily quantified if considered on a global basis, the preceding
paragraphs have shown that, on a country-by-country basis, the
processing of rubberwood into marketable products can provide a
very important and much needed boost to the forest economy of the
rubber growing tropical countries of the world.

A. Creation of Jobs

Based on each 1,000 hectares of mature rubber tree
plantation, the schedule given in Table X lists the estimated
number of jobs and the corresponding levels of skills that will
be needed to support the labour requirements of a fully developed
rubberwood processing industry, excluding personnel requirements
for top management and marketing operations. The job listings
include 1logging operations, and the basic manufacturing
operations for three types of end products, namely: blanks and
components for knock-down furniture (without finishing/coating),
plywood and particle board“. The general idea is to determine

¢ In order to log 1000 ha annually on a perpetual basis the
mill must have access to some 25 to 30000 ha of rubber wood
plantations.
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the labour requirements if the log yield from the 1,000 hectares
is to be used as the material input for any one of the three
types of factories.

The sawlogs (100mm diameter and larger) may be used as input
either for the sawmill or plywood manufacturing operations.
Hence, the personnel line-up of the logging operations, together
with the transport and distribution operations will be one and
the same either for 1log inputs to sawmilling or plywood
manufacturing. On the other hand, a separate group of workers
are required for the preparation and handling of the logs having
a diameter of less than 10 cm, which are the inputs used in the
manufacture of particle board. This raw material is obtained from
the rubberwood left-overs after the logging operations for the
sawmill’s (or plywood plant’s) log requirement has been served.
Similarly, the 1log transport and distribution personnel
requirement will be the same for the sawmill and plywood plant’s
inputs. However, in view of the fact that the smaller size logs
for the particle board plant input require more handling, its log
transport and distribution crew is a little bigger than that for
the corresponding sawmill or plywood plant crew.

Without ignoring the benefits to be derived from economies
of scale, the following presentations are purely for purposes of
deriving indications on jobs to be created by the full
utilization of the log yield per 1,000 hectares of rubber tree
plantation. It must be noted that the calculations do not refer
to optimur economic plant size for each of the three types of
factories used in the illustrations.

1. FPurniture/Joinery Products Factory

Table X shows the estimated potential number of jobs created
in the furniture/joinery manufacturing industry by the full
utilization of rubberwood logs from each 1,000 hectares of rubber
tree plantation, using the following basic considerations and
assumptions:

i. The 1,000 hectares will be fully logged during one
year, so that the size of the wood processing factory
used as the basis of calculating the labour generating
potential is based on the volume of rubberwood logs
harvested from the 1,000 hectares;

ii. Each hectare will yield 180 m® of logs with average
diameters 50mm or larger (either for the sawmill’s or
the plywood plant’s input), of which only 15 percent
is good for lumber (or veneer) production;

iii. The lumber yield rate is 25 percent; while the plywood
conversion rate is 35 percent; and

iv. The maximum hauling distance from logging site to
factory is 50 kms.
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Other specific considerations and assumptions for particular
aspects of the logging, transport and manufacturing operations
will be listed as their respective labour requirements are
discussed.

A total of about 300 jobs in the furniture and joinery
manufacturing industry may be expected upon full utilization of
the rubberwood log harvest of each 1,000 hectares of rubber tree
plantation. This number may increase further if the industry
expands into assembling, finishing operations and/or manufacture
more sophisticated types of end products than the blanks and
components for knock-down furniture (without finishing/coating)
referred to above. The composition of the expected new labour
force is 61.2 percent semi-skilled and
unskilled; 22.2 percent skilled; 11.1 percent highly skilled and
5.5 percent technicians.

Table X. Estimated Potential Number of Jobs for the
Furniture/Joinery Manufacturing Industries per 1,000
Hectares of Mature Rubber Tree Plantation received for
the Full Development of the Rubberwood Processing

Industry
Level Skilled Skilled & Totals
skilled
Logging & Log
Transport----————-— 1 6 19 49 75
Log Yard---—=————-- 1 1 2 10 14
Sawmilling-—-~-=—--—— 1 12 13 13 39
Treatment &
Seasoning----===- 3 0 6 24 33
Lumber Transport
& Distribution-- 0 0 3 6 9
Furniture/Joinery
Manufacturing:
surfacing/Shaping- 0 1 2 2 5
Final Sizing------ 0 1 2 2 5
Other Machining--- 0 2 4 8 14
Sanding-==-====c==- 0 0 4 16 20
Packing/Crating--- 0 0 e 32 32
Materials &
Finished Goods
Warehousing------ 1 0 2 8 11
Plant, Machinery,
Equipment and
Cutting Tools
Maintenance------ 3 4 8 12 27
Administration:
Plant Supervision 3 3 o o 6
Finance/Budget--- 2 2 ) 0 4
Personnel-——-=-~-- 1 2 2 4 9
Purchasing------- 1 _0 1 _2 _ 4
Totals—---- 17 34 68 188 307
Percentage
of Total---==-- 5.5 11.1 22.2 61.2 100




Note: The end products are furniture/joinery components,
sanded, unassembled and unfinished (unpainted).

2. Plywood Manufacturing Plant

The results of calculations done for plywood as the end
product, using the same set of basic considerations and
assumptions of the log supply as in the case of the furniture/
joinery plant module, are shown in Table XI. The following basic
considerations and assumptions were used in this case:

i. The plywood sheets are either 900mm x 900mm (3 ft. x
3 ft.) or 900mm x 1800mm (3 ft. x 6 ft.), 3-ply or 5-
ply, to be sold totally on the domestic market;

ii. Preservative treatment of the green veneer is done by
the dip diffusion or spraying method; the treated
veneer is then dried to its desired moisture content
levels, using a conventional type of veneer drier:;

iii. Since the plywood plant is medium-sized (log input of
90 m® per day), only the basic plywood manufacturing
machinery and equipment with a minimum of central-
control or automatic-control electronic devices will
be used; and transport of materials-in-process will be
principally done using hand-operated 1lifting and
moving equipment;

iv. The dryers in the plywood factory will operate 24-
hours per day and 6 days per week; and while the other
departments will operate only 2 shifts;

V. The total production output will be sold in the
domestic market.

A total of about 460 jobs may be expected in the plywood
manufacturing industry upon full utilization of the rubberwood
log harvest from each 1,000 hectare rubber tree plantation logged
per year. The new labour force is composed of 68.8 percent semi-
skilled and unskilled; 16.9 percent skilled; 8.5 percent highly
skilled and 5.8 percent technicians.

The decision to go into plywood production, rather than
furniture/joinery products manufacturing. will, of course, be
greatly dependent upon the results of an overall comparative
study on both the profitability and the economic cost-benefit
analysis of the two options.
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Table XI. Estimated Potential Number of Jobs for the Plywood
Manufacturing Industry per 1,000 Hectares of Mature
Rubber Tree Plantation Created by the Full Development
of the Rubberwood Processing Industry

Industry Phase Technician Highly Skilled Semi-
Level Skjlled Skilled & Totals
skilled
Logging & Log

Transport-—--—--- 1 6 19 49 75
Log Pond/Yard—---- 1 1 2 10 14
Veneer Production- 6 9 12 926 123

Veneer Repair,

Sorting/Grading-- O 0 6 21 27
Veneer Splicing &

Sizing 3 3 6 12 24
Assembling &

Pressing-—-----—-—— 3 0 12 30 45
Sizing, Sanding &

Panel Grading---- O 6 9 54 69
Packing/Crating--- 0 0 4 26 30
Materials/Supplies,

& Finished Goods

Warehousing--=--- 0 1 2 9 12
Plant, Machinery,

Equipment and

Cutting Tools

Maintenance------ 6 6 9 4 25
Administration:

Plant Supervision- 3 3 0 0 6

Finance/Budget~-- 2 2 0 0 4

Personnel-------- 1 2 2 4 9

Purchasing---=-=~- 1 0 1 2 4

Totals---- 27 39 84 317 467

3. Particle board Manufacturing Plant

All stems and branches less than 100mm, but larger than 50mm
in diameter, which were left over from the logging uperations to
supply the furniture/joinery factory or the plywood plant, will
then be cut to desired lengths and transported to the particle
board plant. The following basic considerations and assumptions
are adopted in this particular case:

i. The expected yield of small-diameter rubberwood logs
is about 153 m’ per hectare, or a total of
approximately 153,000 m’> in one year;

ii. The particle board plant will operate on a continuous
basis, 6 days/week:

iii. The end products are 12mm x 1200mm x 2400mm and 19mm
X 1200mm x 2400mm particle board panels; and

iv. The particle board plant is located not more then 50

kilometres from the logging area.




The available raw material can support one particle board
factory of the latest European design with a rated output
capacity of about 300 m’/day or ten small particle board mills
each with a rated output capacity of 30 m?’/day of the design
widely used in the People’s Republic of China. Obviously, the
small Chinese particle board mills will require more workers than
the large European model, making the former more suitable in
countries with high density populations and widely dispersed
sources of raw material (e.g., China, India, and Indonesia). The
quality of the board would probably also be lower. The estimated
number of workers needed to operate each type of particle board
plant is given in Table XII.

Table XITI. Estimated Potential Number of Jobs for the
Particle board Manufacturing Industry per 1,000
Hectares of Mature Rubber Tree Plantation Created
by Full Development of Rubberwood Processing

Industry
Industry Aspect 300 m*/day Plant* 30 m’/day Plant*=*
(1 Factory) To (o] 0 Plants

Logging & Log

Transport—---- 204 460%%%
Production

Workers——---- 80 350
Supporting

Activities—--- 120 190
Administrative

Personnel--- 20 60

Totals----—- 424 1,060

Sources:

* Data gathered during a visit to the particle board factory
and supporting logging operations in Hat Yai, southern
Thailand

*k "The Manufacture of Flat-Pressed Particle board in the

Beijing Woodworking Plant® by Ba Ru-You, UNIDO ID/WG.335/5,
Vienna, 1981

*%** Based on logging operations data obtained during a visit to
rubber tree plantations in Dong Nai, southern Viet Nam , in
Sept. 1992.

B. Additional Source of Foreign Currency

Rubberwood end products (furniture and components, joinery
items, mouldings, etc.) have become acceptable on the
international market. This provides an additional potential
source of foreign currency which is always in great d- - * in
developing countries with plans to develop their economie:

Based on the current domestic price of rubberwood logs at
MS$195 (US$78) per cubic meter and using export prices of
rubberwood sawn timber (before export 1levy) and selected
rubberwood products furnished by MTIB and some private loggers




and processors of export rubberwood products in Malaysia and
Thailand, a schedule of value-added multipliers for each stage
of rubberwood processing was calculated. Table XIII shows that
the manufacture and export of knock-down furniture has the
highest value-added multiplier (above 25) among the products
derived from sawn rubberwood, and parquet floor tiles (with a
value-added multiplier of about 19) next.

Table XIIT. Value-added Multipliers for Rubberwood Products

Product Price Value-added
Type (Per mw’) Multiplier
er m’
saw logs
Price of logs ex-mill gate.. USS$ 78.00 1

Sawn Timber; Treated and
Kiln-dried, Rough......... Uss$ 250.00 3.2

Dressed Sawn Timber;
treated/kiln-dried, S4S
blanks cut to specified
thickness/width/length.... 450.00 5.8

Components, machined and
sanded to specifications

without finish............ 975.00 12.5
Furniture, knock-down,

finished.................. 2,000.00 25.6
Toys; Novelty Products...... 725.00%* 9.3%

Parquet Floor Tiles,
Sanded, Not Finished/
Not varnished............ 1,490.00%* 19.1*

* These values were calculated using rubberwood lumber
(treated and kiln-dried) as the input material; and are
significantly higher if the input used were wood wastes
from sawmilling and/or secondary wood processing
activities. 1In the above calculation, the rubberwood raw
material input was given a O0O-value, but handling and
transport costs were charged. This ama>unts to about 6 to
8 percent of the original cost of treated/kiln dried
rubberwood boards.

Although a successful breakthrough has recently been
attained in the manufacture of particle board, plywood and MDF
boards, for commercial purposes, and using rubberwood as the
principal material, marketing of these products have still been
limited to the domestic market. However, this may be taken as
substitution for imported goods, and thus help conserve the
outflow of foreign currency from the developing country. No
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figures are yet available to allow calculation of value-added
multipliers (for export purposes) for these products.

C. elief o essure o xisti imbe esources

The fast-growing world population leads to the corresponding
rapid depletion of the timber resources as natural forests are
converted to agricultural land in order to provide food for more
mouths to feed. Population increase also adds to the depletion
of the world’s timber resources, as more and more people need
shelter, fuel, furniture and other necessities of 1life which are
made of wood.

The success in the development of techniques to process
rubberwood into marketable end products (furniture/joinery items,
plywood, particle board, MDF board, etc.) which were chiefly made
from traditional timber species 10 or more years ago, helps to
ease the mounting pressure on the world’s natural forests.
Considering that the rubber tree is a self-sustainable and
renewable timber source, aside from having a much shorter cutting
cycle than existing traditional timber species, there is no doubt
that development of the world’s rubberwood processing industry
will contribute significantly to current efforts to maintain a
viable ecological balance.

To summarize the indications in Chapter I, Section C-1, of
this report, it is not unrealistic to state that rubberwood can
be made to replace the use of no less than 3.5 percent to 5
percent of the industrial logs consumption in the major rubber
tree-growing tropical countries of south and southeast Asia, a
situation which can also be made to apply to the rubber growing
countries of Africa and Latin America.

D. i t s rwood

The general indications on the increased use of rubberwood
as a major input material in wood processing plants and in the
building and construction industries are positive on the over-
all. And, if managed reasonably well, it could become a
significant factor in the national economy of rubber producing
nations. The importance of rubberwood processing becomes more
significant, particularly to the economy of "timber deficit"
countries like India and Thailand.

However, there are two major factors (among others) which,
if not handled properly and addressed immediately may delay or
even curtail the benefits to be derived from rubberwood
processing.

The use of toxic or carcinogenic preservatives is one of
these factors. The only non-toxic nor carcinogenic system of
preservatives which has found extensive use and acceptance in the
rubberwood processing industry now-a-days is the borate/boric
acid system. Yet, it must not be forgotten that this system is
purely anti-fungus and has a limited protective period. Thus,
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users of the system have to adjust their processing operations
(between sawmilling and seasoning) and incur additional expenses
to make-up for the limited protective period of the borate/boric
acid preservative system. It appears that the quest for a more
viable and less expensive preservative system for use in the
rubberwood processing industry is not yet ended.

Another factor which must be immediately addressed is the
techno-legal acceptance of rubberwood in the buildings and
construction industries. Many countries allow architects and
civil engineers to use only timber species listed in their
respective building codes for the design and construction of
buildings and structures. However, rubberwood, being a
relatively new construction material, may not yet be included in
the list of acceptable materials in the building codes of many
countries. Thus, it is indicated that professional and trade
associations will have to address this problem within their
respective country’s procedural set-up to include rubberwood in
the list of materials acceptable under their respective building
codes. Also, the acceptance of rubberwood as a species usable in
construction would have to go hand-in-hand with the acceptance
of finger-jointed and/or glued laminated components, since the
log dimensions would otherwise preclude its widespread use.

Realistic and effective solutions of the two major problems
discussed in the preceding paragraphs will help pave the way for
a faster development of the rubberwood processing industry in
rubber producing countries of the world.
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Annex 1 . .
species 2 103

CrsT-ITT0 08-07-1982
RUBBERWOOD (Hevea spp.)
OTHER NANES : SERINGK,EATTI MAPALAPA NESEA,SEIRINGA,JEVE,ARBOL DE CAOCHO,RUBBER ¥0OD, EEVEL WOOD,PARA RUBSER TREE

GECGRAPEIC DISTRISUTIOR
. Soeth issricz - Brazii - Souwth JBast Asia - Bewatorial Africa - Tropical Fest ifrica - imdie

£0G DESCRIPTICH §00D DESCRIPTION PRODOCTION
. Biggetzr : 30 te 60 o . Sapwood : aot distimct irportasi

. Thickaess oi sipsood : n.d . Colove : creamy white

- Dueabiiity in forest : low {must be treated) . Textere : coarse 4{] 03

. Moatasl: . Graim  : straight or iaterlocked importaat

. hvailekilits 1s forest : high (slight)

. ¥sie : logs mest be treated,extracted as soos as after felling and converted rapidiy-heartvood becomes beige oa exposure
IIYSICAL AND NECEANICAL PROPERTIES (CTFI-6)

Deasity (kg/n’ at 16 percest KC) 560-640kg/n’
Tangential Shrinkage Coefficieat (percemt) 1.2
Radial Shrinkage Coefficiest (percesmt) 0.3
Hardmess (M) 4,35
Static Beading, ¥/ma2, € 12 percent KC 66

Nodulus of Elasticity, ¥/m2, € 12percest KC 9,700

SATURAL DORABILITY ARD ANENABILITT TO PRESERVATIVE TREATMENT

. Seswood mot or slightly desarcated : risk of dry vood imsect attacks im ail the wood (see alsc termites)

. Boi or pocrly resistaat to termites

. kot or poorly resistaot to decay

. Pood ameaadiiily ta preservative treataent

SATIBG AdD MACEIEING

. Worazl oleatiag effect

. Teathing recosaeaded for sawing : ordimary or high speed steel . Tools recossended for machinisg : ordimary tools

. Good aptitude for peeling . Good aptitode for sliciag

. Scie : presence of internal stresses-sharp edges are reccs2ended to avoid woolly swrface-latex teads to clog the siuteeth
DEYING

. Deying cete - r2pid

. Bigh risk of distortioa . Slight risk of checking

. Mote : 2 carefs! piling 2ad top weighting of the stacks are recossended to avoid distortios ar is end coating to avoid checking
ASSEXBLING

. Mailisg ead screving : easy . Gluing : correct

. Note : tesds to split in nailing

KRQUIRBMEAT OF & PRESERVATIVE TREATMENT

. In case of iasect atticks : the species requires 4 preservative Lreatsent

. In case of risks of tesporacy husidification : the species requires a2 preservative treatsest

. In case of risks of permanent homidification : the species regqmires a preservative treatmest

. Note : liable to blue stain

EXD-0SES

. Carreat furnitere e furniture components - Interior joinery - [alerior paneiling - Moulding - Flooring - Pulpwood - Stairs -
oxes and cretes - Particle and fiber board - Veneer for inierior of plywood - Blockboard - Light carpestry - Glued laminaied

. date o stains vell




Annex 2

SERAYA WHITE/BAGTIKAN (Parashorea malaanonan)
OTES: SANES : DIAT MATA VEITE LAOAN, PENDAR,LAGAN MAL:AtWQEIE NINDARAO WNITE i4UAN,PEILIPPIN: MANOGANY

TIO-1T70 13-04-1442 species & 158

GEOGRAPSIC DISTRIRGTION
. Seatk gast asi: - Sabak-Sarawal - [adoaesiz - Philippizes

i9G DESCRIPTION ¥00D DESCRIPTICE PROBUCTICH
Gizaster : 30 te 0 o8 . Sapuood : 2ci clearls distiact soderate

. Thictzess of ssawoad 2 %0/ @ . Colonr : pinkish white

. Desetitity i fores! : goderate ftreatseat recommezdel’ . Texture : caicse 13{{1} 4

. tlez:_sie . eraie o straight oo isterlocked soderite

. evaiiabiliny iz forest - migh
. Yotz : wood oink vhite to strov colowred becoses pale irawm with aze-frequeni ringshakes aad brittie heart {large trees)

IEYS[CAL BROPERTIZS (CTET-9) NECEADICAL PROPERTIES (CTFT-5)
sean siand.devizt. aeae staad.deviat.
. Deasity at 131 K.C S R 1 0.10 . Crushiag streagtid at 121 X.C (W/aal} : 1] 1
. Yalemeiric shriakage {3) ;0.5 0.06 . Static beading at 122°K.C (¥/wal)} : $2 11
. Total teagestiel skriskage (1) @ 8.4 0.9 . EOE (loagitedinal) at 127 K.C {K/exl) : S§,8% 1,113
. Tetai radizl siriakage {3 ;63 0.5 . Streagth class Y K
zrgrass - soft

. Xote : vartical casals sore or l:ss frequest are {illed with white resis-awcerous reguler rays are sediva sized
lATU!L' DORABILITY AND AMENABILITY TG PRESERVATIVE TREATHSNT
. Sepuzod mot or sitghtly desarcated - cist of dry wood :esect altacks ia all the wood {see alsc ter:ltes)
. §at or paorly cesistact to termites
. Eesistaace vzriable {o decay (see ncte "requiremest of a preservative treitceat”)
. Paderate asem2bilily to sreservative treztmest
SLVINC AND MACHIRING
. Rormal bluatisg effect
. Teething recosaended for sawing : ordisary or highk speel steel . Tools ceccazecded for mackiniaz : ordimacy tools
. Gead artitade for peeling . bptitude for siiciag aot detecained
. Bcie : risis of tearing-tendency to weollisess dariae edgiag-necessily to beep the sharp edses-interlocked grzia produce 2 beoad
strise figure

1144 1 et et
. Bryiag rate - socaal : Koistare contenl : Tegperatuce 'C : Eelative humiéity :
. Slight risk of distortion . Shight risk of checking : of vood (1)  :Dry bulb Wet buld: I (zpprox.)
................... fremveoncsccccvccofrorenccacscsancanenn

. Tested kils schedole : : green 50.0 1.0 : 4.0

The folleuirg schedele con be us2d for thickaess lass thaa 0% zs. ¢ 590 450 5.0

For thickness betuees 38 o3 and 75 as, the relatise 3eacdity sust 10 ;530 4.0 65.0

te increzsed of 3% {or each step (to avoid high grzsieat of beci- 0] 0.6 55.0 ¢ 5.0

dit7 1n vood}. For thickaess uo (o 75 za, iaccease of 10%. : 15 5.0 8.0 §0.0
. %otz : soae cisks of cuaping-sust be sroperly stacied {2 avoid distortion
LSSZVELING
. Weiling and screwicg :© easy . Glaing @ correct

. Noie : a filliag is recocmended to obtain : good finjs:

icQDi2EnENT OF A PRESERTATIVE TREATMENT

. ix cesz of iassct atiechs - the species recuires ¢ przszrvativ: treataent

. {2 case of ris¥s of tesporary husidificaiion : the soec:es recuires 2 sreservalive tresimeat

. [t casz of risis of seraznent husidificziion : the use ¢f this species is aot recosaended
Note : dareaility 294 seceeability cftes variedie-liztie e dert coioured "sin holes™ borers

D-052§
Yozeer for interior of plyvood - Teacer for back or {zc2 of plywood - iuterior joinery - laterior panelling - Sxierior joinery -
Carreni foraitece or {urniturc componeats - Barticle sa2 fiter board - Forazory - Moulding - Shis duilcing (2l2niing ead cecy) -
gores .na crei:s

Feie o WHITE SZO2TA s wsed for tiaber fros Beleysic :a2 SAGTIRAL for licher froa the Philippiaes
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Ann 3
CTRT-17T0 23-07-1%82 /== species 5°98
MERSAWA (Anisoptera spp.)
OTEER NANES : ALOSAPIS,KABAK,KRABAE,PIX AFU,DAGARG,EADAR XAUNCENU,7EN-VER PEDIEI, SE¥CIRAN, DAC,VEY VEN LANE

CEIGRAZEIC CISTRIRUTION
. Somth Eist ksid - Oceania - Malaysia [pesinselar) - Thailaad - Viet-%as - Lios - Cambedia - [adia - I[ndowesia - Burma -
Philippimes - Szhad-Sacavak - Brusei - Papua-Bev-Ganed

LOG BESCRIPTION %000 DESCRIPTION PRODOCTION
. Brazeter - 63 tc 150 ¢a . Sapvaod : cot clearly distiect nesligidle or los
. Thickzess of sesaod : Sto § e . Colosr : ocaage-yellow
. Becadility in forest : soderate {treatment recomseaded) . Textore : coarse EXeORT
. Fizatablz . Gratn - streight or iaterlacked pegligible or lov
Aveiladility 1z forest : high {slight}
. Sote : deartwosd crange vellow darkemiaz to goldes brown-resin veims filied with chile depesits
'EYSICLL PROPERTIES {CTFT-€) MECHARICAL PROPERTIES (CTFT-6)
seas stad.deviat. -meas staad.deviat.
. Pagsitr et 130 AL - 0.8 8.06 . Creshing streagth at 113 XK.C (Bfanl) : 46 §
. Voleeatric shriakage (1) - 0.5 0.10 . Static bendisg at 121 X.C {N/ms2) : 113 1
. Total tamgestiel shrimkage (1) : 1.1 1.1 . MOt (loagitwdinal) at 123 E.C {V/ual} : 10,400 1,215
. Totel radizi shriskage (1) 3 6.1 . Strenzth class : §06
. Eerdmass : faiely bacd

. Bote - bardaess veries from soft to faicly hard
IATU:AL DURABILITT AND AMENABILITY TO PRESERVATIVE TREATMENT
. Szpecod mot acr slightly desarcated : risk of dry wood imsect altacks in 2!) the vwood {sez zlso termites)
. Podzratoly resistzat to termites
. Resistance varizilz to decay (see note “requirement of i sreservative treatment®)
. %307 saen2bility to presecvative treatmeat
SARIRC AND MACEINING

. Faicly high blaatiag effect

. Teeibirg recoseenced for savwing : stellite-tipped . Tools recocsended for sachining : tools with torgstea cerbide
. oo aptitude for peeling . Good aptitude for slicing
. Sole : dzrimg sieacing resin eludelioas-jozrtersava materia] teads to taar
BRIIES e
Dryieg rete : slow : Yoistere conteat : Temperature "C : Reletive hemidity :
. Slight rist ¢f &istoction . Slighi risk of checking © of so0d {3} :Dry bulb Wet beld: S (approx.)
« | eesscassccsccsmcacs= ? ----------------- + ....................
. Tested kila schecule : : sceen 0.0 7.0 .0
The following scredule caa be csed f{or iRickmess less then J3 ms. &0 50.0 - §5.6 : 73.0
Por tdictress detween 38 85 and 79 e, the relative Roscdity smest Bl §5.0 - 47,0 : 65.0
ae increased of 31 for ezch step (to avoid high gradiest of husi- 2 . .0 550 35.0
dity ia vood). For thickness up to 75 es, imcrease of 10%. : 1§ 15.0 . 58.0 : 0.0

kcte o drying recvires care to avoid the risks of wet patches

ASSZKILING

. Nailipg 204 screiing o easy . Gleing : corract

1RQCIREAENT OF A PEZSERVATIVE TREATHENT

. 2 cese of iasect ettacks : the species requires 3 presecvative treatmeai

. In case of cisks of tesporacy bumidificetion : the species requires a presesvative treatsent

. Ia case of cisks of paroanent husidificeiion : the ose of this species is not recommended

. Rote : poorly t9 soderaleky resistant io decay

END-0SES

. Light caroentry - Glued laoinated - Flooring - Veseer for isterior of plyvood - Veneer for back or face of plyvood -
Sozes 2nd crates - Foravork - Exterior joizery - Interior joirery - Ship building (planking and deck) -
Coreeat fursitase or furniture componeats - Mouldisg - Interior panelling - Turied goods

. Rate @ filling is recoamonded to obizin 2 good finish
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Annex 4
CTPT-{TTV 06-04-1992 - species o 143
IROKO (Milicia excelsa-regia)
OTEEL MAXES : SEMME, SEXLI,0DOUY, 1OKKO,0ROEO, ABRES MANDJSE, KAMBALA,NOLOGRDOU, LUSANGA,NOKOBCS, HOREIRA , NOFULA NVULE X' GUNDA, TOLE XOFALA -

GEOGRAPEIC DISTRINOTION
. Tropical West Africa - Tropical East Africa - Equatecial Airica

LOG dESCRIRTION ¥00D DESCRIPTICH PRODOCTIOR
. Dizzetac : 80 to 100 ca . Sapeoed : cleacly distinct scderate
. Thickaess of szpwood : 5 to 10 ca . Colour : yellow brown
. Bacebility in forest : good . Texture : coarse E1P0RT
. Kot fioatable . Grais  : straight or imterlocked sodecate
. dvailebility in focrest : high but ie places {slight)
. Kota : yeilov broza te brown sore or less dark with golden tiage-ribbon fizure on quartersiwn-lightec veins on backsewn
SETSICAL PROPERTIES {CTFT-29) MECHARICAL PROPERTIES (CTET-29)

aeaa staad.deviat. eeas stznd.deviet.
. Begsicy ot 1R NE : 0.64 0.06 . Creshing streagth 2t 121 K.C {Rjsal?) b1} )
. Yolesetric shrinkage (1} R 1 0.01 . Static beadiaz at 112 K.C {¥/eal) : 96 i
. Totei tacgestiel shrimtage (1) @ §.4 6.7 . MOE (lomgitsdinal) at 123 ¥.C (K/eal) : 10,3486 2,811
. Totel cadial shriabage (3) 15 0.4 . Strength class ca.d
. Baréness : fatrly hard

. Kadeceiely stable 12 service

. Kote : possible preseace of deposits of calcius carbonate oftea bidden sometimes 2 darier colowr surcounds then

JATORAL DORABILITY AXD ANENABILITY TO PRESERVATIVE TREATMENT

. Szawocd distinet : rish of dry weod issect attacks limited to sapvood (ce2 also teraites)

. Xesistaal to tegaites

. Zesistael to decay

. Poor es2aability to preservative trezicent

SAYIEG AKD NACBIRING

. Forazl blestizg effect

. Teetkirg recoasenced for sawing : ordinacy or bigh speed steel . Tools recomsesded for machiaiag : ordiaacy tools

. Goad eatitude for peeling . Good aptitude for slicing

. Sote : deposits of calcive carbonate oreseat in soee logs severaly damage cutting edges-sawdusi very irritating-cisks of tearing
Cee tn irceguler grain

BRIISC e meoeiseeneeosscecceoeosnoeesocooooooes
. Drving rzte : norme! : Boistere contest : Tesperature "C : Relative heaigity :
. %o rist of disiocticn . he cisi of checkiag :of wood (3)  :Dcy bulb Wel dulb: % {approx.)
................... T
. Tested kils schedele : : green 6.0 .0 : 8.0
Tae fclloving schedule czn be used for thickness less than ¥ wa. : 40 50.0 :  45.0 : 15.0
for thickness betveen 38 ma 2nd 75 ma, the relative busudity sust 10 ;o 55.0 ;0 40.0: 65.0
ve increased of 54 for each step (Lo evoid high gradient of husi- 10 0.0 : 9.0 5.0
éity ia wooé). For thickaess up to 15 em, increase of 101, : 15 15.0 5.0 : (0.0

. Bote : the sticks often ieave marys-ide beards most be verticelly 2ic dried before sticking-risi of checking iz thick stock

ASSEMBLIXG

. Bailing and screwing @ easy . Gluing : correct

REQOIREXENT OF A PRESER7ATIVE TREATHENT

. [& case of insect attacks : the species does sot cequire aay preservalive treatment

. Ia cae2 of risks of temporary humidification : the species does not require any preservative treatoent

. In cese of risks of persanent husidification : the use of this species is sol recosaended

. Wote @ for experi as logs the sapvood is csually removed because ol ils lov durability

EXD-0SES

. Extecior joinery - interior joinery - Flooring - Sliced veneer - Ship building (planking and deck) - [nterior panelling -
Cabinetsork (high class furniture) - Tuined goods - Corrent furniture or forniture components - Light carpentcy - Cooperage -
Cloed lzainated - Stairs - Veneer for interior of plywood - Venzer for back or face of plyvood - Vehicle or corteiner {looring -
Bridges {parts 70t 1n contact with waler or ground)

. Wote : {illing recoasended-some stocks gay give troublesome vilh paints and varnishes but o priaing coei wick 2 vinsl pzind

ansyres 3 good surface
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CTIT-ITTO 06-04-1992 Annex 5 species 8°152

SAPELLI (Entandrophragma cylindricum)
OTEER NAXSS : ABOUDIKRC,PENEVA,SAPELE,ASSIE,ASI,BILOLO,N'30Y0,LIKAFL,LIDOYU,NOYOYO, LIFUTI, CRDIANONO

CEOCLAPEIC DISTRIDOTION
. Tropical West Africa - Bywatorial Africa - Tropical East Africa - Cote d'lvoire - Ghama - Bigeria - Cameroon - Gabon -

Republic of Central Africa - Congo - Zaire - Uganda - Liberia - Aagoli

106 DESCRIPTION ¥00D DESCRIPTION PrODOCTION

. Diaseter : 10 to 120 . Sapzood : clearly distinct isportant
. Thickaess of sapwood : & to 8 ca . Colour : red brova
. Durability in forest : good . Textare : fine Feoer
. Moatable . Grain : interlocked importaat
. Availadility in forest : high {high)

. Hote : possible presence of wrinkly grain and ringshakes-vood pink brown darkeas to cosper red brown-cedar like scent
!!YS[CAL PROPERTIRS (CTFT-20) NECEANICAL PROPERTIRS (CTIT-20)

mean stizd.deviat. zean stagd.deviat.

. Deasity at 121 ¥.¢ : 0.8 6.0¢ . Crushing streagth at 121 K.C (5i/mal) : 62 ]
. Toluaetric shrinkage (1) : 0.47 0.0§ . Stetic bending at 122 K.C {§/eml) N | [ 12
. Total tangeatiel shrinkage () : 1.2 0.9 . BOE {longitudinal) at 122 X.C (N/asl) : 11,25¢ 1,938
. Total radial shriskage (1) : 5.0 g.6 . Strength class HE N

. Barcness : faircly bard

IATUIAL DORADICITY AND ANBNABILITY TO PRESERVATIVE TREATNEAT

. Sepwood distinct : cisk of dry vood imsect attacks Iimited to sapwood (see also termites)

. hoderately resistaet to termites

. Moderately resistaat to decay

. Poor aaezability to preservative treatmest

SAVIXG AND MACHINIRG

. Bersal bleating effect

. Teethiag recomsended for saving : ordimary or high speed steel . Tools recomsended for machiniag : ordimary tools

. Good aptitude for peeling . Good aptitede for slicing

. Note : s2wing in the round recommeaded (imternal stresses)-iendeacy to tearing during planing (interlockeé grain)-ribbon figure
0n quartersawn

134 0 {2 Rt e bl
. Dryving rate : acreal : Moistore conteat : Temperatore "C : Relative humidity :
. Bigh risk of distortion . Slight risk of checking : of wood (2)  :Dry bulb Wet bulb: I (approx.)
................... *-----------------’--_.---.----.-—----—
. Tested kiln schedule : : green ;o 40,02 370 $0.0
The following schedule can be used for thickmess less than 38 sa. {0 ;o .0 380 6.0
For thickness betveen 38 me and 75 ma, the relative busudity most : 30 ;o .0 6.0 - 60.0
be incceased of 51 for each step {to avoid high gradient of husi- 20 : 460 @ 36.0 : 50.0
dity ia vood). For thickness op to 75 am, iscrease of 101. : 15 : 9.0 12.0: 5.0

----------------------------------------------------------

. Note : drying o evartered pieces is such slover

LSSEFBL'IC

. Railirg and screving : easy . Gluing : correct

REQUIREKERT OF A PRESERVATIVE TREATWENT

. To cese of iasect altacks : the species requires a preservative [reatsent against termites

. Iz case of risks of temporary humidification : the species requires a preservative treatment
. In zase of risks of persanent humidification : the use of this species is not recomsended

EHD oszs
. Sliced veneer - Cabinetwork (high class furniture) - Curreat furniture or furniture cooponents - Exterior joimery -
Interior joinery - Intecior panelling - Veneer for intecior of plywood - Veneer for dack or face of plywood - Floocing - Stairs
Ship oeilding
hote : sanding requices care in the presence of highly inteclocked graia to obtain 2 good {inish
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Annex 6 .
TET-17T0 13-01-1992 EE— species o 185 °
RAMIN (Gonstylus spp.)
JTAER BARES : MSLLWIS,[AYUTAN BAGIO,GARU BUAJA,LARIS EOLIT.MEZDANC RAMUAR, PANCGATUTUP PINAMG BACK,CEWIMA XECANC KELAUE MEZAKS

GEOGRAREIC DISTRIROTION
. Sceth Eest Asia - Oceiniz - Sabzh-Sarawak Malaysi: {pecinseiac) - [adomesiz - Philippiaes - Papua-¥ew-Gurmez - Fiiji -

Saiozon (islands)

WG DESCRIeTION ¥00D DESCRIETION PROJOCTIOK
. Dizzeter : 50 to 18 c2 . Sapwood : not distiact mderate
Thickress of sapuoad : n.d . Colour : creaay white
Buczbility in forest : lav {acst be Created) . Textuce : fine EIPOLT
Ploateble . Grain  : straight or isterlocied gegligible or iov
Availadility im forest : hishk but iz places {slight)
Soi2 : beart shakes mzy occer in the logs-wapleasznt odccr when greea-preseace of temsion wood
PHYSICAL PROPERTIES (CTFT-1) KECEANICAL PROPERTIES (CTFT-3)
sean stend.deviat. gean staad._devizt.
Dessity ot 128 K.C . N 1] &.d . Ceushing streagth at 121 K.C (K/aal) &7 .4
Volozetric shriakege (1) : 0.60 n.d . Static beading at 111 K.C {H/sal) R ¥ 1 a.d
Total tzageatiel sdrintege (I) : 10.1 n.é . KOE (loagitudimal) at 121 M.C (K/esl) : 15,300 a.d
Totel radial shriakage (3) : &8 n.d . Streagth class ')}
derdness : fairly hard

Poorly stable 1r service
NLTORAL DORABILITY AED AMEFADILITY TO PRESERVATIVE TREATMENT
Seavood not or sligatly desaccated : risk of dry wood imsect ttacks im all the woed (see also termites)
Not or poorly resistant to tecailes
Rot or poorly resistast to decay
Good acen2bility to preservitive treztaent
S\YING ARD HACRIRING

Norz2! bleatisg effect
Teetnieg recomaeznded for sawing : ccéimacy or high speed steel . Tools recommended for eachining : ordimary toels

Gocd 2ptitede for zeeling . Good aptitude for sliciag
Kote : risk of splinters in cross-cuiting
RIC
Deying cate : rapic to neraal
Slight risk of distortion . Sigh cisk of crecking

Fote : risk of surface checking, esé solitting and biue staiaing in thicker sizes-{cf.kiln schadule availeble 3t the (T#7 to
evold these defects)
SEVELING
Rziling end screwiag : easy . Gluing : corcect
Kote : teads to split ir s2iling sre-bocing recoasended
QOIRBMENT OF A PRESERTATITE TREATKENT
in cese of imsect attecks : the species requires 2 preservative treatsent
ia c2s2 of risks of teaporary humiéification : the species rejuires a preservative treatcent
in cese of risis of pzraaaent humiéilication : the species requires a4 sreservative treatment
Note : verj gzroae 16 tiuve stain
=ND-0385
Youlding - Cabiametwerk (nigh class furniture) - Current fucniture or fucniture components - Veneer for interior of plyvood -
Tenser for back or f2ce of plywool - Sliced veaecr - Flooving - [nterior joinery - Extecior pemelling - Turncd goads -
ieliing sietters ’
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TANGILE (Shorea-rubro polysperma)
OTEEL NANES : RED LiUAN, TARCOILE

CROGYAPEIC BISTRINUTION
. Seutd East Asiz - Philippines

LOG BESCRIPTION ¥009 DESCAIPTION PROBOCTION
. Bizseter : 70 to 150 & . Sapwood : cleacly distiact iaportant
. Taickaess of sapwood : 5 to b s . Colewr : dark red
. Derability is forest : good . Texture : sedinn gIronr
. Fleateble . . Grain  : isterlocked isportaat
. kwzilehility in forest : high {slight)
. Bote : sood ce¢ to dark brownish red slightly lustrons-soiré er ribbos figare on quactersawm-frequent brittle heart

II'SICLL PROPRRTIES (CTFT-6) NECHARICAL PROPERTIES (CTFT-6)

nean stiad.deviat. mean st2ad.deviat.
. Beasity at 120 K.C : 0.8 0.04 . Crushing streagth at 121 H.C (N/ag?) : 52 5
. Yeigsetric shrinkage (1) : 0.4 0.04 . Static beading at 121 K.C (R/mal) : b} 14
. Teial taageatiel shrinkage (1) : 7.4 6.} . BOE (loagitedinal) at 123 M.C (¥/um2) : 9,967 1,825
. Toicl radial shrinkage (1) 4 0.3 . Strength class i W]
. Berdaess : soft . :

. Note : hardaess varies froa so(t te fairly bard
ILTUIAL DORABILITT AND AMENABILITY TO PRESERVATIVE TREATHENT
. Seze0od distinct - risk of dry wood iasect attacks limited to sapwood (see also termites)
. Eoderately resistant to termites
. Hocerately resistast to decay
. teor ezemebility te sreservative treataent
SARING AND MACRINING
. Soraal bleating effect
. Teething recomsended for sawing : ordimary or high speed steel . Tools recosmended for machining : ordinary tools

. Good 2ztitade for peeling . Good aptitede for sliciag
. Boie : sosetimes irregelar grain-duriag planing tesdeacy to graim teacisg-secessity to keep the sharp edges
14 0 - e narnn
. Drying rate : sormel to slow : Noistere conteat : Temperatere "C : Relative homidity :
. Stight cisk of distortion . Slight cisk of checking : of vood (I)  :Dcy bulb Wet baldb: T (approx.)
. Risks of casedardening ~ sececceceeecicenan- pomemrormrocsonann freeecoseocooroeoaas
. Tested kila schedule : : green 500 W0 $5.0 :
The following schedule can be wsed for thickaess less than 38 sn. {0 56,0 : (5.0 : 15.0
Foc thickness between 38 sw 2nd 15 s, the relative huswdity mest ] o $5.0: 7.0 65.0
be increased of 5% for each step (to avoid high gradient of homi- 0 : 10.0 : 55.0: 5.0
ity in vood). For thickness op to 75 mm, inccease of 101. : 15 : 5.0 58.0: 0.0
. Kote : careful piling and loading of the sticks are recoamended to reduce the distortion
ASSEMLING
. Keiliog 2nd screwing : easy . Gluing : correct

«  REQDIBZXENT OF & PRESERVATIVE TREATHERT

. Ta case of insect attacks : the species requires a preservative treatment agaiast tecmiles

. Ia cese of risks of tempocary humidification : the species requires 2 preservative treatsest

. Iz case of risks of persaneat humidification : the use of this species is aot recosaeaded

£aB-05ES .

. Interior doinery - Intecior paselling - Exterior joimery - Exterior paselling - Current furaiture or [vcaitere components -
Sliced veneer - Vencer for interior of plysood - Veacer for beck or face of plyvood - Ship buildisg (planking and dect) -
Cigar boxes - Flooring - Cabimetwork (bigh class fernitorej - Light carpentry - Boxes and crates - Cooperage - Bolling shutters
Youléirg - %acticle and [iber b2icd - tulssood
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KOSIPO (Entandrophragma candollei)
OTREE MAKRS : 2EXF¥L-:X072i, OMT EEAVY SAPELE ATOM-ASSIE,BCRONL XR0YO-EARG: KOUSSIE,BDIAKCHL ESAKA,LIBOYC,LIFARI MPENRE, TNPORO,

LITEOP

CROCRAERIC DISTRINOTION
. Tropical Pest Afcica - Bguatorial Africa - Cote d¢'Ivoire - Migeria - Caseroom - Coago - Zaire - Cuimea - Aagola - Gabon - Chama

LOG DESCRIPTION ¥000 DESCRIPTION proBoOCcTION
. Bizaeter : 10 to 200 ca . Sapwood : clearly distinct soderate
. Thichaess of s2pvood : § to § & . Colour : red brows
. Surabrlity im forest : good . Textere : coarse 19{'] 09
. Bzt floatasle . Grain  : siraight oc iaterlocked moderate
. dveilenility ia forest . medins fslight)
. Note : w006 red trosa with purple tiage aarbens on fight-black resin deposits in the pores-cidbon figare oz quactersave
PEYSICAL PROPERTIES {CTFT-4) MECEANICAL PROPERTIES (CTFT-{)

sean stand.deviat. 2230 staad.devial.
. Beasity at 123 X.7 : 0.4 5.d . Crushing stremgth at 121 K.C (N/a82) : 53 8.¢
. Yolumelcric shriskage (3) : 6.82 0.d . Static demding 2t 12¥ K.C (B/mal) : §7 0.
. Totel teagesiiel shrinkage (3) : 6.6 R.¢ . MOE {loagitudimal) at 123 M.C (N/anl) : 9,000 8.4
. Totel raciel skriskage (1) A W | 8.4 . Strength cliss :e.d
. Barcaass : fairly hacd

. Boie : some iozs say preseat i lottled figere
ILTUIAL BURABILITY AND AMEMABILITY TC PRESERVATIVE TREATHERT
. Sepaood ¢istisci : risk of dry vood imsect attacks lisited to sapwood (see also termites)
. Moderately resistani to tersiles
. Moderately resistant to decay
. Poor amenability to preservative treatmest
SAVING ARD KACE{RING
. Bigh bleating effect
. Teething recossended for sawisg : stellite-tipped . Tools recosaended for machining : tools vith tuagstes carbide
. Gosé sztitede for peeling . Good aptitade for sliciag
. Bote : power required-some difficulties due to irregslar grain jtearing)-diunting effect varies from fairly high to high becaese
of ciiice content

BRYIRG eseeeeeececececce oot eccrcirec o
. Bryiag rate : sorsal : ¥oisture conteat : Temperatore "C : Relative humidity :
. Sligat risk of éistortion . Mo risk of checking : of vood (2)  :Bry bulb Wet bulb: 3 {approx.)
................... ’----.-------.----}-----.-----------.--
. Tested kiln schedule : : Zreen 4.0 31.0 : §0.0
The foilcwiag schedule can be used for thickaess less than 38 sm. )] W0 18.0 10.0
Foo. thickness betwees 38 me and 75 ma, the relative husudity must 30 $4.0 16.0 60.0
e increased of 5% for each step (to avoid high gradient of buai- i} $.0 15.0 50.0
¢ity 15 weoé). For thickness up to 75 ma, imcrease of 101, : 18 ;o 45.0 11.0 §5.0

..........................................................

. Bote @ dryiag of backsawn is eore difficcit 20d slower «i:% risks of distortion more sarked-quactersase stock well dey
recossended for exterior uses
ASSEMBLING
. Nailing and screwing : eesy . Gluing : correct
SEGOIREMENT OF & PRESERVATIVE TREATHEAT
. In case of insect attacks : the spscies requires a presecvalive treatwent 2gzinst tersites
. In cese of risis of icworery huzidificztion : the species does aoi require 28y preservalive treatsent -
incasz of rises Coser-aaent husifificition : the wse of this species i: nal recozzended

wery - ointerior jolzery - Sliced veaser - Cadtnetwcek (high class furnxgure) - interior seneliing -

sre nr fuzaitore cossoaenis - Light carpentsy - Glued faninzted - Veneer for Back or fece of plyvooé - Floering -
e ; ¢ onxn2liing - Shirgles

ises presence of resia way give trovbiesoze fv diherance of {iartion products-sanding needs cere-fiiling required i
é.c i geod finish

xt
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IMBUIA (Ocotea porosa)
OTEER NAMES : CANELA IMBUIA,BRALILIAN WALNOT,AMBULA

GEOGLAPEIC DISTRIBUTION
. Sosth Americz - Brazil (Sosthk)

L0G dESCRIPTION ¥OOD DESCRIBTION PRODUCTION
. Diameter : 80 tc 120 & . Sapwood : clearly distiact negligible oc lov
. Thickness of sipwood : 3 to 6 ca . Colour : yellov browe
. Durability 1a forest : good . Texture : fiae EIPORT
. Floatable . Grain : straight or iaterlocked negligible or low
. svailability in forest - high {slight)

. Bote : pleasant odour-heartwood yellowish brozn beige to dack browa with irregulac dark fime veins
!lYSIClL PROPERTIES (CTFT-20) NECHABICAL PROPERTIES (CTFT-20)

mear stand.deviat. meae stasg.devizt.

. Deasity 2t 121 X.C :0n 0.08 . Crushing strength 2t 125 M.C (d/asl) : 1 §
. Volusetric shriskzge {1) : 0.8 0.08 . Static bendiag 2t 121 K.C {N/sal) : 93 11
. Totzl taageatie! shrintage (1) : 6.3 6.9 . HOE (loagitudiaal) at 121 M.C (K/esl) : 17,500 it}
. Totel radia! skriakage (1) 0 0.6 . Streagth class cn.d

. Rerdness : faicly hard

IATUiAL DURABILITY AND AHBHAIIL[TY T3 PRESERVATIVE TREATHENT
. Sipwood distinct : risk of dry wood insect attacks limited to sapwocd {see also tecaites)
. ¥od2rately resistaat o teraites
. ¥oéerately resisteat to decay
. Moderzle apecability ts oreservative trzztmeat
54¥[RG AED MACEINIRG
. Borszl bisatieg effect
. Teethiag recceneaded for sawing : ordimary or high speed steel . Tools reccesended for eachining : ordimary tools
. Geoé zptitude for peeliag . Gooé aptitude for slicing
. Xote : Gusi gey caase dermatosis
DRYIXG
. Drying rete : slow
. 3light tist of distoriios . Stight risk of checking
. Risks of collapse
. Kete : siew dryiag is reconmended
ASSEUBLING )
. Keiling ané scraviag : eesy . Gluirg : correct
KZQUIESHENT OF A PRESERVATIVE TREATMENT
. In cese of insect attacks : the species requires 2 preservative treateeat 2gainst termites
. In cese of risks of temporary humidification : the species does mot require any preservative treatment
. In cesz of risks of permanent husidification : the use of this species is aot recoamended
Elﬁ OSES
Slicad veneer - forreai furniture or fucnilure components - Cabinetwork (high class furniture) - Interior paneliing - Flocrieg -
!ntnt‘or joinery - Vezeer for back or {zce of plyvood - Houlding - Light carpentcy - Yood house frame - Turned goods - Stiics -
Ship suilding - Sxterior joinery - Saterjor paselling
Note : used as substitute for european Wzlnut (Juglans regia)-recommended for high class use
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PINUS KESIYA
OTHER NANES : PIN A 3 FEOILLES,NCO,SEAL,THONG, MAY PEL .

GICRAPEIC DISTRIBUTION
South East Asiz - Tiet-Kaw - [aos - Thailand - Burma - Philippines - [ndomesia - [adia

G DESCRIPTION ¥00D DESCRIPTION PRODUCTION
Dicmeter : S0 ta 60 c - Sapsood : aot ciearly distinct negligible or low
Thickness of sapwood : & to § ca . Colour : orange-yellov

Burability in forest : moderate (treatment recoasended) . Textnre : sedion EIPORT
Flaatable . Grain  : straight aegligible oc lov

Avaiiebility in forest : high but in places
Kote : wood salsoa pisk-resin ducts umerous-species occurs at altitede of 610-2700a

PHISICAL PROPERTIES (CTFT-1) HECHARICAL PROPERTIES (CTFT-1)

- eean stand.deviat. sean stand.deviat.
Deasity 2t 121 4.0 0N n.d . Croshing strength at 121 N.C {Rleal} - 65 n.d
Toleaetric shrickage () ;0.5 n.d - Static beading at 122 H.C (K/eal) : 126 n.d
Tot2i tangentiel shrickage (1) : 8.9 n.d - MOE {loagitudinal) at 122 N.C {¥/esl) : 16,120 n.d
Totel radizl skriskege (1) : 6. n.d . Strength class 6.4
Serdrass : fairly herd

kcte - physicel acé mechasical propecties vacy with age and site

TO2AL DUSABILITY AKD AMERADILITS TO PRESERVATIVE TREATMENT

Seovood not or slightly desaccated : risk of dry vood imsect attacks im all the wood (see alsc termites)

831 ot soorly resistaet to tersites

Besisizace varieble to cecay (see mote "requiresest of a preservative tresteent”)

Foderaie esenebiliiy to preservative treatmen:

YING LKD MACEIRING

Foreal Bloatiag eifect

Teeihicg recoszended for saving : ordiazey oc high speed steel . Tools recozaended for machining : ordinary tools

Gssc zztitede far peeling . Aptitude far slicing no! deterzined

Bsiz © resiz 23y clog the tools
DRYINE

Jrjing réte o rapid

¥s riskt of distortion - Slight risk of checking

Note : risks of blue stain 2nd resin exvdaiion-wood gest be tapicly savn-for 2ir drying: stacking vader cover ané piling in "7°
ASSIYBLING

S21iing ead screviag : easy . Gluing : corcect

REGUIRERENT OF & PRESERVATIVE TREATHENT
[z case of insect aitacks : the species requires a preservetive treataent
i cese of risks of tesporary husidification : the species requires a preservative treatsent
{a case of risks of peraanent busidification : the use of this species is not recoasended
Note : derability variable : poocly to soderately resistant to decay
EN-OSES
Light cacsentry - Glued laainated - floozing - Interior joinery - Bozes and crates - Katches -
Cerrest furniture oc\furnilure components - I[nterior panelling - Formvork - Bulpwood - Veneer for interior of ?lyvood -
Veazer for back or face of plyvood - Exterior joinery
Note : can Be wsed for wooden house comstruction
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MERANTI WHITE (Shorea-antho hypochra)
OTSER BAMES : MERARTI SERIT.H. LAPIS,H. PALANG,X. TEMAK KBLAPI MELAPI LAUT MERANTI POTIH,PA HONG,SOAI,KABKK KHAO,KOKI PHNOXG,
KEEN-FAIL LGHBOR ,VER VEN VARG

GEGRAPHIC DISTRIBUTION
joeth East Asiz - Yalaysia (peminsular) - Sabab-Sacravak - Indoaesid - drunei - Thailand - Cambodia - Laos - Viet-Nam

LOG DESCRIPTION ¥00D DESC2IPTION PRCDOCTION
Diaseter : 30 to 150 cs . Sapwooé : rot distimct soderate
Chickness of sapwood : S to § cx . Colous : creamy white
Duzability in focest : moderate (treatsent recoseended) . Texiuce : medium BIPORT

Fliot fleatztle . Grain - straight or imterlocked nodecate
Availebility ia forest : high but ir places {slight)
tote : foge are 2t the lisit of floztability-somsetimes brittle heart-cccasicaally deeply inteclorked zrain

PHSICAL PROPERTIES {CTFT-3) NECHARICAL PROPERTIES (CTET-1)

aean stand.deviat. gean staad.deviaf.
Daasity at 128 K.C : 0.72 n.4 . Crushieg sirength at 12% K.C (N eml) : 05 n.d
Veiuzetric shriekage (1) : 0.58 n.d . Static becding at 121 K.C {N/ag?) ;1 n.d
Total tangzatiel sheinkage (3) : 8.5 8.4 . HOE (loagitudinal) at 122 K.C (Njem2} : 12,800 n.d
Tota! racial sbrinksge (%) 5.0 n.d . Strengii class :n.d
Hardn2ss : fairly hard

Note : wcod whitish when fresh becoses pale yellow brown on exposore-ribton figure on quaztersave
NATORAL DORABILITY ARD AXERABILITY TO PRESERVATIVE TREATMENT
- Segsocé not or siightly deszrcated : rist of dry vood insect atiacks iz 21l the weod [see alse terailes)
- Nob or sserly resisizet to terailtes
- Mgdereiels resistaat to decay
- Mhderaiz cmenabilily to preservative treatment
SAWIRG AKG MACEINING
. High blenting effect

- Teethiag recoszended for saving : stellite-tipped . Tools recossended for szchining : tools with tungsten carbide
. GG eptitede for peeling . Good zptitude for sliciag
. Nbie : hizh silice content-tendency to woolliness-filling is recocmended to obtain 2 good finish
0,34 L1 et e e
De7ing rete : capld 6 morsal : Yoisture content : Temperature ' : Relative humidity :
Slight rist of distociion . % risk of cnecking : of vood (i)  :Dcy bulb Wet bulb: I (approx.)
................... '?.-----------_----*---------------.----
Tested Yiln schedule : : greed 1.0 15.0 : 8
The foliowing scieduls can be used for thickness less than 38 zo. 50 ;o 480 3.0 16.0
foc thickress between 3% wz and 75 a3, the relative humudity must 1] A 3 PO RS ¥ IR I
be incceased of 55 for each step {io 2void high gradient of husi- 0 8.0 $3.0 : 74.0
¢ity ia wood). For thickness up io 15 ma, increase of 101, : 15 54,0 46.0 : 5
ASSEXBLING
. Nailing end screwing @ edasy . oluing : correct

Note . scaetizes risks of splitting is ihet case ore-boring necessary
REQUIREKENT OF A PRESERVATIVE TREATHENT
. In case of iasect attacks : the species requires a preservative treaiment

yom.

. In zase of risks of permanent busiéificziion : the use of this soecies is aot recoaaended
Note : liable to dark coloured “pia hole" borers
END-0SES

Intecior joinecy - Iaterior penelling - Flooring - Stairs - Yeneer for interior of plywood - Veneer for back cr face of plyvood

" sliced vaneer - Cerrent furnituce or fernituce cosponents - Exterior joizery - Vehicle or container flooring - Light carpentry -
Gleet lesineted
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Subs<antive Officer’s Comments

This report has attempted to indicate the role rubberwood
could play to replace species traditionally used in production
of mouldings, furniture etc. in South East Asia. Unfortunately,
it has been impossible to obtain historical price comparisons for
these species and rubberwood.

Similarly, there is no doubt that conditions will arise when
Hevea brasiliensis will be planted for its timber and not latex
value. However, it must also be borne in mind that the farmers
(especially the smallholders) are interested in the monetary
yield per acre. Existing rubberwood plantations, may, in certain
cases, be replaced by other crops (palm oil, fruit trees, or cash
crops). Although clones for wood-oriented rubberwood tree
grouping have been identified, these have not yet undergone
testing in commercial scale plantations.

Finally, work remains to be done on developing other wood
preservatives in case the Boron salts currently used are banned
for ecological reasons.




- 47 -

BIBLIOGRAPHY

Abdul Latif bin Nordin & Harun bin Ismail

Utilization of rubber wood and waste from
preliminary wood-based industries for chips, The
Malaysian Forester, No. 33, Kuala Lumpur, 1970

Ani bin Arope The rubber solution, Asiaweek, Kuala Lumpur, 1978

Ashaari bin Haji Amin

Burgess, H.J.

Cheow, L.T.

The fiber length of two clones of rubberwood, The
Malaysian Forester, No. 49, Kuala Lumpur, 1986

Rubberwood emerging as a practical species, World
Wood, No. 27, U.K.

Rubber as an alternative species in the mass
production of knock-down furniture - an
industrial experience, Seminar on Rubberwood
Utilization, Malaysian Forester, No. 45, Kuala
Lumpur, June, 1982

Chin, P.S. & Khoo, T. C.

Research on the utilization of rubber wood, The
Japan Industrial Technology Bulletin, Tokyo, 1985

Cchin, P.S. & Khoo, T. C.

Rubber wood - an under-exploited resource,
Seminar/Bengkel Pemodenan Pekebun Kecil Getah,
Kuala Lumpur, April 1977

Chin, F.S. & Khoo, T. C.

Rubber wood (Editorial), Planters Bulletin, No.
135, Kuala Lumpur, 1974

Daljeet Singh et. al.

FAO

FAO

FRIM

FRIM

The utilization potential of rubberwood, Seminar
Penggunaan Kayu Getah Kedua, Kuala Lumpur, Nov.
1985

Trade in tropical timber: 1990, (Annual totals),
Monthly Bulletin, FO: MISC/91/7, Food and
Agriculture Organization of the United Nations,
Rome, 1991

Yearbook of forest products, 1979-1990, Food and
Agriculture Organization of the United Nations,
Rome, 1992

Proceedings of the second rubberwood seminar,
Kuala Lumpur, 19-20 November 1985

Proceedings of the international rubberwood
seminar, Rubberwood Research Committee, Kuala
Lumpur, 21-22 May 1990




Grant, D.F. Exploitation of timber from rubber trees, The
Malaysian Forester, No. 15, Kuala Lumpur, 1952

Haridasan, V. Rubber wood - promise of the future, Rubber Board
Bulletin, No. 25, Kottayam, 1989

Haridasan, V. & Srinivasan, K. G.
Rubber wood: a study of supply and demand 1in
India. Rubber Board Bulletin No. 20, Kottayanm,
1985

Harris, E.M. Utilization of wastewood as fuel and chemical
Resource, Planters Bulletin, No. 160, Kuala,
Lumpur, 1979

Ho, K.S. & Choo, K. T.
Processing of rubberwood, Seminar on Rubberwood
Utilization, Malaysian Forester, Kuala Lumpur,
June 1982

Hong, L.T. Rubberwood: processing and utilization. Seminar
Penggunaan Kayu Getah Kedua, Kuala Lumpur,
November 1985

Hong, L. T. et.al.
Preservation and protection of rubberwood Against
biodeteriorating organisms for more efficient
utilization, Seminar on Rubberwood Utilization,
Malaysian Forester, No. 45, Kuala Lumpur, June,
1982

Hong, L.T. et. al.
The effectiveness of preservatives in the control
of sap-stain in rubberwood (hevea brasiliensis)
logs, Malaysian Foreste-, No. 43, Kuala Lumpur,
1980

Kamala, B.S. Physical and mechanical properties of Hevea
brasiliensis (rubber wood) - a review, Rubber
Board Bulletin, No. 25, Kottayam, 1989

Kroonen, J.G. Gasification of hevea wood for the generation of
caloric and electrical energy for rubber estates,
Amsterdam, Rubber Foundation, 1984

Kroonen, J.C. Gasification of hevea wood for the production of
heat and power on rubber estates, Menara
Perkebunan, No. 53, 1985

Leong, D.P. & Mohd. Ali bin Sujan
An economic reassessment of using rubberwood for
smr pallet construction, Paper submitted for the
RRIM/RISDA Rubberwood Utilization Committee,
Kuala Lumpur, 1979




- 49 -

Lew, W.H. Perspective on present and future development of
rubberwood, Warta Perdagangan Kayu, No. 14, Kuala
Lumpur, 1985

Lew, W.H. Rubberwood - into an era of impressive growth,
Warta Perdangan Kayu, Np. 14, Kuala Lumpur, 1985

Lew, W.H. Rubberwood utilization - some views from the
industry, Warta Perdagangan Kayu, No. 14, Kuala
Lumpur, 1985

Lew, W.H. The many uses of rubber wood, New Straits Times,
Kuala Lumpur, October 1975

Lew, W.H. & Sim, H. C.
Rubberwood - present and potential utilization,
The Malaysian Forester, No. 45, Kuala Lumpur,
1982

Newsam, A. et.al.
Decay of rubber wood in a replanting and its
effect on root disease. J. Rubber Research
Institute, Malaya, 1967

Ng, A.P. et.al.
Currents status on effects of planting density on
the performance of Hevea brasiliensis,
Proceedings Rubber Growers Conference, Kuala
Lumpur, 1987

ong, M.S. Rubberwood utilization -~ regulatory aspects,
Malaysian Forester, No. 45, Kuala Lumpur, 1982

Ooi, S.H. Development strategies for the rubberwocod
processing industries, Seminar Penggunaan Kayu
Getah Kedua, Kuala Lumpur, Nov. 1985

Peel, J.D. Research items: resin-bonded chipboard from
malayan woods, Malaysian Porester, No. 18, Kuala
Lumpur, 1956

Peries, 0O.S. Rubber wood - a by-product of the natural rubber
industry, Rubber Research Institute of Sri Lanka
Bulletin No. 15, Colombo, 1980

Reghu, C.P. et.al.
An account of tension wood with special reference
to Hevea brasiliensis, Rubber Board Bulletin, No.
25, Kottayam, 1989

Reghu, C.P. Preservative treatment and seasoning of rubber
wood, Rubber Board Bulletin, No. 24, Kottayanm,
1989




- 50 -

Reghu, C.P. et.al.
Wood anatomy of hevea brasiliensis (willd. Ex
adr. De juss.) Muell. Arg. 1: Distribution
pattern of tension wood and dimensional variation
of wood fibres, Indian Journal of Natural Rubber
Research, No. 2, Kottayam, 1989

RRII Abstract of the papers, First National Seminar on
Rubber Wood, Rubber Research Institute of India,
Rubber Board, Kottayam, 1989

Salleh bin Mohd. Nor
Heveawood - timber of the future, The Planter,
No. 60, Kuala Lumpur, 1984

Salleh bin Mohd. Nor & Sim, H. C.
Rubberwood for furniture and the technology
required for its production, Paper presented at
the Kongress Perkayuan Kebangsaan ke-2, Kuala
Lumpur, March 1987

Samosorn, S. & Wasuwat, S.
Para rubber wood, a major by-product of rubber
Replanting in Thailand, Paper presented at the
IRRDB Symposium, Beijing, China, May 1983

Samosorn, S. & Wasuwat, S.
Rubberwood: Malaysia’s wonder wood, Asia Pacific
Wasuwat, S. Forest Ind., June 1990

Sekhar A.C. Rubber wood production and utilization, Rubber
Research Institute of India, Kottayam, 1989

Sim, H.C. & Tan, A.G.
Rubberwood as a source of timber - with special
Reference to furniture manufacture, Paper
presented at the International Seminar on
Investment Opportunities in the Timber-based
Industries in Malaysia, Kuala Lumpur

Tan, A.G. Control of fungal attack in rubber logs,
Malaysian Forester, No. 43, Kuala Lumpur, 1980

Tan, A.G. Rubberwood - from fuelwood to a major timber
species, Planters Bulletin, Rubber Research
Institute Malaysia, No. 191, Kuala Lumpur,
1987

Tan, A.G. Supply and demand of rubber wood in the states of
peninsular Malaysia, Kuala Lumpur, 1973

Tan, A.G. Technical feasibility of manufacturing furniture
from rubber wood, Rubber Research Institute of
Malaysia Technical Series, No. 2, Kuala Lumpur,
1975




Tan, A.G.

- 81 -

Towards a wider use of rubber wood, Planters
Bulletin, Rubber Research Institute Malaysia,
Kuala Lumpur, 1974

Tan, A.G. & Chang W. P.

Tan, A.G., et.

Tan, A.G.

Utilization of rubber wood for SMR pallet
Construction, RRIM Technical Service Report No. 1,
Kuala Lumpur,

al.
Rubber wood for furniture manufacture, The
Planter, No. 57, Kuala Lumpur, 1981

Rubber wood for SMR pallet manufacture, Planters
Bulletin, No. 167, Kuala Lumpur, 1981

Tan, A.G. & Mohd. Ali bin Sujan

Thankamma, L.

Preservative treatment of poplar, beech and
rubberwood, RRIM Technical Service Report No.7,
Kuala Lumpur

Pre-felling pressure injection of rubber trees for
preservation of rubberwood a new concept Planter,
No. 66, Kuala Lumpur, 1990

Van de Moortele W.

Rubberwood technology, Technical Report,
Malaysian-Belgian Cooperation Project, Kuala
Lumpur, 1985

Wan Razali et.al.

Wong, C.N.

Double entry volume table equations for same RRIM
600 series clones of Hevea brasiliensis, The
Malaysian Forester, No. 46

Preliminary assessment of rubberwood (Hevea
brasiliensis) for ©plywood manufacture, The
Malaysian Forester, No. 42, Kuala Lumpur, 1979

Wong, W.C. & Ong, C. L.

The production of particle board from rubberwood,
The Malaysian Forester, No. 42, Kuala Lumpur, 1979

Wycherley, P. R.

Timber of old rubber trees, Sci Malaysia,
No. 1, Kuala Lumpur, 1968

Wycherley, P. R.

Developing a winner from rubberwood (Editorial),
Warta Perdagangan Kayu, No. 14, Kuala Lumpur, 1985




