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Foreword 

The Australian Centre for International Agricultural Research (ACIAR) was 
established to seek out agricultural and forestry problems in developing countries 
and then support collaborative research programs linking research institutions in 
Australia and overseas to help resolve these problems. ACIAR has a strong 
commitment to forestry research as the need for wood for fuel and shelter is basic 
to human needs. Trees also play an important role in beautifying, sustaining, and 
improving the environment. 

The ACIAR forestry program is only a small part of ACIAR's activities, but is 
expanding. Central to all activities is the common theme that Australia contains a 
rich repository of unusual and little-known tree species of benefit to developing 
countries. Special attention has been focused on tropical trees suitable for growing 
on infertile soils that often suffer seasonal water stress. Most ACIAR forestry projects 
are aimed at exploiting this potential and assessing growth in trials under a range of 
climatic and soil conditions. The program has given special emphasis to nitrogen­
fixing trees but is also examining ways of improving productivity economically 
through use of microorganisms such as bacteria (e.g. Frankia) or specialised 
mycorrhiza . 

This book is a landmark in ACIAR's forestry program in that it consists ofa series 
of papers summarising our attempts to exploit, evaluate and domesticate a wide 
range of lesser-known Australian tropical tree species. The book has been divided 
into four parts: Program Development, Field Trials, Resource Evaluation and Future 
Perspectives, reflecting very strongly the historical and philosophical development 
of the overall ACIAR forestry program. The monograph also renects strongly the 
collaborative mode of ACIAR 's research program in which overseas scientists have 
made a fine contribution, complementing the work of several major forest research 
centres in Australia. I would commend the book to all readers seeking to discover 
how Australia's lesser-known trees grow under cultivation, how we should evaluate 
them and to learn something of their potential. I believe, also, that the actual methods 
we have used to develop our own ACIAR forestry program should be of interest to 
other nations seeking to better understand the potential of their own lesser-known 
tree species. Collectively, such knowledge will benefit all people. 

Australia still has much to learn about its own native forest resources and ways to 

best maximise the productivity of many lesser-known species. Despite this, Australian 
foresters have long had to contend with the vagaries of growing trees and forests in 
Australia on nutrient-poor soils in areas where droughts and bush fires are facts of 
life. Their skills and experience in coping with these difficulties in conditions similar 
to those experienced in developing countries make our foresters ideally suited for 
tackling similar problems overseas. This book also demonstrates their commitment 
and ability, and it is my belief that Australian foresters have much to offer and will 
in the future be increasingly sought internationally for their skills. 
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Editor's Preface 

This book is an attempt to bring together a collection of forest research papers from 
five countries (Australia, China, Kenya, Thailand and Zimbabwe), highlighting the 
main achievements accomplished during the first 4 years of activities in ACIAR 
projects up until around the end of 1987. The projects are numbered 8320 (now 
8808), 8331 (now 8809), 8457 and 8458. The monograph is also a concerted attempt 
to provide an historical record of the initiation and development of these projects. 

The papers clearly demonstrate the wide range of activities in which ACIAR has 
been involved in forest research. The main thrust has been in seed collection of lesser­
known species, species elimination and evaluation trials, climatic matching, fodder 
assessment, essential leaf oils, fuel wood studies, termite studies, and nutrition. In 
all studies the overall aim was to evaluate and assess Australian species for use in 
developing countries. There has been no diminution of our original belief that 
Australia contains a wealth of lesser-known trees and shrub species of value to 
humankind, and the results to date strengthen this supposition. Nevertheless we must 
continue our assessments for a few more years to accumulate the full benefits of our 
collaborative research efforts. 

In some ways it may seem premature to release some of our results, especially 
preliminary results from field trials. Balancing this limitation is the recognition that 
an early publication draws together our collective ideas for sharing amongst ourselves, 
provides a focus for some of the better performing species and stimulates an extension 
of the research results. Some lines of research have been very useful. In particular, 
our research work on climatic matching, fuelwood, leaf oil and fodder studies and 
differential susceptibilities of tree species to termite damage deserves special mention 
and opens up new methods of research enquiry. 

A special thank you is extended to the research leaders in China, Kenya, Thailand 
and Zimbabwe, firstly for believing in the aims of the project and secondly in helping 
to strengthen its development. Beyond all the materialistic accomplishments, the 
scientific development in research skills of individual scientists through collaboration 
and reciprocal visits has been a special feature of the program. In Australia, the 
Department of Forestry, Queensland, deserves special praise for developing the 
extensive field trials near Gympie which remain a cornerstone of our overall program. 
Mr P.A. Ryan of the Department was active in fostering collaboration with other 
research bodies and has spent considerable time in showing his trials to a wide range 
of local and overseas visitors. 

The book has been divided into four parts roughly reflecting the phases of 
development of the work. The first part details the overall ACIAR forestry program 
development and indicates the reasons why China, Kenya, Thailand and Zimbabwe 
were initially chosen for field trial sites. A detailed account is given of the industrial 
history of a remarkable Australian species (Acacia mearnsil), at home and abroad, 
leading on to the development of an ACIAR program in the People's Republic of 
China to improve productivity and utility of the species . Details are also given of our 
early seed collection activities which, together with the activities of the Australian 
Tree Seed Centre, form the basis for the provision of seeds for trial. The second part 
documents the early results of ACIAR field trials overseas. The third part evaluates 
the resource in ways useful to people in developing countries such as fuelwood studies, 
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fodder assessments, vegetative propagation and melaleuca leaf oils for potential 
development as a cottage industry. And finally, a paper is included to summarise the 
work to date and to discuss the future potential of the species and products covered 
in the book. 

This book should be of value to government officials (mainly in forestry and 
agriculture) in other developing countries in helping to select new species for trials. 
The book will also be of use to other overseas aid agencies and research organisations. 
We hope that the articles presented will help stimulate other researchers to follow 
up some of our activities in more detail, or extend the results in other directions 
currently unforeseen by us. We also believe that the book will be of value to lecturers 
teaching forestry in tertiary institutions and to students. 

Finally a list of published papers (or papers in an advanced state of publication) 
resulting from our work is included at the end of this book. This list demonstrates 
quite clearly the high level of activity that the four AClAR projects have generated. 

D.J. Boland 
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Grevillea robusta is perhaps Australia's 
most successful agroforestry tree species 
overseas . It is widely used in tree/crop 
mixtures in crops as diverse as tea, coffee, 
bananas and maize. Photograph above 
shows Grevillea robusta being used for high 
shade over coffee in the eastern highlands 
of Zimbabwe (1986). Photograph on right 
shows a pollarded tree of Grevillea robusta 
on a farm on the slopes of Mt Kenya, 
Kenya (1988). 
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Chapter 1 

Australian Tree Species for Fuelwood and 
Agroforestry in China, Kenya, Thailand and 

Zimbabwe 

D.J. Doland and J.W. Turnbull 

Introduction 

The Australian Centre for International 
Agricultural Research (ACIAR) was established in 
June 1982 with the speci fic aim of strengthening the 
agricultural and forestry research capacity of 
Australia's bilateral aid program. The Centre's brief 
is to mobilise Australia's research expertise to help 
solve problems limiting agricultural productivity. 
This is achieved by contracting scientific groups in 
Australia to set up collaborative research projects 
on problems of mutual interest with counterparts in 
other countries . ACIAR allocates funds to the 
Australian and developing country partners to 
complement the resources provided by the respective 
research institutions . The focus of the collaborative 
research program is Southeast Asia and the Pacific 
Islands but significant support is also provided for 
projects in South Asia, the People's Republic of 
China and Eastern Africa. 

The world 's natural forest s and woodlands have 
been placed under heavy pressure by a rapidly 
increasing population requiring land for food crops 
and wood for domestic and industrial use . More 
than half the timber cut each year is used for 
fuel wood , and tree planting to meet fuelwood needs 
has emerged as a major development task facing 
many countries . The Food and Ag ricul ture 
Organisation o f the United Nat ions has estimated 
that the global demand for fuel wood will requi re 
the equivalent of 50 million ha of plantation before 
the year 2000 (Palmberg 1981). Such a task is 
beyond most governments in countries where an 
acute fuelwood deficit exists , and mobilisa tion of 
farmers and community groups to plant trees seems 
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to be the only solution. The benefits of tree planting 
by rural communities can extend beyond fuel wood 
production. With the choice of appropriate species 
the same trees can have a multipurpose role 
providing animal forage, domestic building poles, 
tannins, honey and medicinal products. The same 
trees can also provide the shade, shelter and soil 
protection that contribute to sustainable agriculture. 

The trees required for community forestry usually 
have very different characteristics to those used in 
the industrial plantations. ACIAR has recognised 
that the search for suitable trees and shrubs to 
include in the community tree-planting effort is a 
priority in many countries and has supported 
projects with this objective. The output from the 
research will be a technology package that enables 
useful trees to be established in a wide range of 
environmental and social conditions. In 1988 
ACIAR allocated over $A 1.3 million to its forestry 
program . 

Australia has a unique flora adapted to nutrient­
deficient sites in the tropics , and many trees and 
shrubs with characteristics useful for community 
forestry . T he acacias and casuarinas are nitrogen­
fixing species that can tolerate infertile sites and 
other unfavourable environmental conditions. The 
eucalypts show fast growth and have the ability to 
coppice, thus avoiding costly replanting . It is this 
vast genetic resource that gives Australian scientists 
a comparative advantage in the search for 
appropriate species for the reforestation effort in 
degraded tropical environments. The ACIAR 
Forestry Program has aimed to use its resources to 
exploit more fully the potential of Australian trees 
and shrubs for agroforestry and domestic fuel wood 



production in developing countries. It has not 
sought to promote Australian species to the 
exclusion of native trees or exotics from other 
countries, but rather to provide the villager, farmer 
or forester with a wider range of options in selecting 
an appropriate species to meet local requirements. 

Commercial exploitation of Australia's tropical 
forests and woodlands has been limited mainly to 
selective logging of rain forests, sandalwood 
gathering, sawing of railway sleepers and an attempt 
to manage the Cypress pine (Ca/litris) forests of 
the Northern Territory. There has been little 
development or interest in the cultivation and 
utilisation of the tropical native woody !lora, other 
than to rehabilitate land after mining operations and 
for ornamental purposes near habitation. 

The financial support provided by ACIAR has 
enabled Australian scientists to explore the native 
trees and shrubs more thoroughly, to assess their 
growth performance over a wide range of 
environments and to determine their potential uses. 
The benefits of this exploration and testing will be 
diverse. Previously unrecognised species are now 
seen to have potential for pulp and paper 
production, rehabilitation of degraded lands , 
forage, chemical products and horticulture . In 
addition the program has contributed to the 
humanitarian, economic and trade objectives of 
Australia's foreign aid program. 

The first ACIAR forestry project and the core 
activity for all subsequent projects is entitled 
'Australian Hardwoods for Fuelwood and 
Agroforestry.' This project was implemented by the 
CSIRO Division of Forestry and Forest Products, 
and the Queensland Department of Forestry in 
collaboration with the Kenya Forest ry Research 
Institute, the Royal Forest Department of T hailand 
and the Zimbabwe Forestry Commission (Forest 
Research Centre). Other ACIAR projects have been 
developed subsequently in China, Indonesia, 
Malaysia, Pakistan, Fiji, Western Samoa and New 
Caledonia. The projects have been of a biotechnical 
nature and have not attempted to embrace wider 
socioeconomic considerations, which are usually 
very location-specific, or extension to the user which 
is seen more properly as the role of the extension 
service of the collaborating institution. 

Since 1962 the Australian Tree Seed Centre of 
CSIRO's Division of Forestry and Forest Products 
has provided a valuable service exporting tree seed 
to many countries around the world. Some of this 
seed has not been used effectively due to lack of 
expertise in techniques of establishing valid tests 
with this unfamiliar material. The ACIAR input has 
enabled the development of a well-organised 
network of field trials for comparative assessment. 
It has utilised the combined skills of Australian 
scientists and their counterparts in other countries 

14 

to test selected species in well-designed trials to give 
statistically valid results. 

The aim of this chapter is brie!ly to trace the 
broad development of our strategies in testing lesser­
known Australian species in both Australia and in 
each of our collaborating partner countries. 
Particular attention is given to the choice of 
collaborating countries, species, testing sites and 
designs. It is hoped that this experience will be of 
benefit to other groups embarking upon similar 
projects. 

Selection of Countries 
The selection of partner countries must be viewed 

in terms of Australia's foreign aid policy, and more 
specifically ACIAR's primary geographic focus in 
Southeast Asia and the Pacific Islands, and to a 
lesser extent in China, South Asia and East Africa. 
South American countries are excluded from 
Australian aid activities as a matter of policy . 

In determining partner countries for AC IAR 
projects the following criteria apply : 

(I) The research must be a high national priority ; 
(2) T he collaborating institution must be of 

sufficient standard and have the capacity to 
provide an effective partnership; and 

(3) The local environment(s) should be sufficiently 
representative of the region to enable 
considerable spillover of result s to 
neighbouring countries. 

It is clear that when these criteria are applied it is 
not necessarily the country with the greatest needs 
that becomes the partner, but rather the country 
with a strong commitment to the project and the 
financial and personnel resources to maximise the 
chances of success. The concept of spillover of 
results is particularly important where the research 
involves expensive field trials over a long period of 
time. The testing of many lesser-known, often 
totally unproven, species can only be justified in a 
small number of representative sites. T he more 
promising species from the trials can then be 
recommended for testing more thoroughly in other 
countries with similar environmental conditions. 
Thailand, for example, was selected as a tropical 
country with acidic soils and a range of rainfall 
regions comparable to many parts of Indonesia, 
Philippines, Malaysia, Laos and Vietnam. In other 
words, the potential for spillover in the region was 
very high. 

In pre-project activities, an Australian consultant, 
Professor L.D. Pryor, and others travelled widely, 
discussed the ACIAR objectives, sought agreements 
and secured approvals in principle to undertake the 
work . The CSIRO Division of Forestry and Forest 
Products and the Queensland Department of 
Forestry were contracted by ACIAR as 



Commissioned Agents to undertake the program. 
ACIAR and DFFP/CSIRO staff negotiated 
agreements which led to Records of Understanding 
with collaborating institutions. Australian financial 
support was di rec ted mainly towards employing 
Australian scientists to coordina te the project and 
conduct research in Australia, supplying technical 
equipment and seeds and funding reciprocal visits 
usually on a bilateral basi s. The non-A ustralian 
partner organisation was largely responsible for 
funding personnel and establishing , maintaining 
and measuring the trials . T his simplified approach 
minimised administrative problems, part icularly in 
financial management. 

The program relies heavily on the commitment o f 
all parties and the scientific development of the 
project has always been one of having joint goals 
achieved through differing routes. O ne o f the 
strengths of the project has been the scientific sta ff 
development a nd joint sharing of skills a nd 
experiences th rough an active reciproca l visits 
program involving study to urs and ha nds-on 
training. Formal training leading to postgradua te 
degrees was provided for project sta ff from China, 
T hail and and Zimbabwe un der the AC IAR 
Associated Fellowship program . Joint publication 
o f results by the colla borat ing scientists where 
appropriate was encouraged . 

It was recognised that it would be unrealistic to 
expect developing country scienti sts to tes t lesser­
known Australian species when so little was known 
about '.hem in A us tra lia . Consequently a priority 
task was to record and pub li sh all available 
in formation on selected species and to commence 
research in Australia on their nursery and 
silvicultural requirements. T he former task was 
accomplished through the publication of an ACIAR 
monograph (T urnbull 1986) . To address the latter 
task, the Queensland Department of Forestry was 
contracted by ACIA R to establish complementary 
species trials in selected sites in Q ueensland , to 
examine nursery and establishment requirements, 
and to conduct some small management trials (e.g. 
coppice, biomass, etc .). It was intended that the 
Australian trials should be the cornerstone of the 
overall ACIAR field-testing program and should 
serve as a field study laboratory and demonstration 
area for ACIAR project scientists visiting Australia, 
trainees of other foreign aid agencies, Australian 
Government staff at all levels and for university 
students and staff. It was also intended that the 
existence of these extensive trials would stimulate 
interest in the lesser-known Australian trees and 
shrubs and encourage further research on them. It 
was recognised that field trials are temporary, and 
that for lasting benefits to accrue an active program 
for the publication of results was an essential 
adjunct. 
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Selection of Sites Within Countries 

Much has been written about general principles 
involved in the selection of sites for species trials 
(e.g. Burley and Wood 1976; Boland 1986). The aim 
of this section therefore is not to review past 
literature but to concentrate o n those issues 
considered important in the context in which we 
developed the program . 

The accessibility and the security of tenure of the 
trial sites were paramount considerations in the site 
selection within the chosen climatic zones. Trials 
were mai nly on Government-controlled land and 
usually loca ted on forest or agricultural research 
stations where trials could be protected and 
maintained , plants assessed , and where 
meteorological records had been or could be kept. 
T he general location of each tr ial was the primary 
responsibility of the collaborating country scientist , 
but the actual site chosen was the joint decision of 
the Australian scientist and his/her counterpart 
following a field inspection. 

Efforts were made to locate tr ials near areas 
where there was a perceived need for fuel wood o r 
other tree products and benefits, but no detailed 
assessment of the representativeness of the soil type 
at the trial site for the region as a whole was made . 
Greater emphasis was given to the broader climatic 
conditions of the site. Locations of all experimental 
sites reported in this book are given in Fig. l (a 
and b). 

In general te rms we sought to locate sites of 
uniform topography and establish trials in areas that 
were highly visible and could be visited easily by a 
wide range of interest ed people . In thi s sense the 
demonstration value and local spillover benefits of 
the trials was high . For example in T hailand a major 
site was developed at Ratchaburi near Bangkok 
which, because of its accessibility to international 
air travellers, has become the most visited trial site 
in the ACIAR network. 

At most sites the chemical and physical properties 
of the soil were determined. This was the 
responsibility of the collaborating partner and the 
output reflected the in-country expertise and soil 
classification systems. No effort was made to obtain 
a standard set of analyses over all sites and 
countries. By contrast climatic parameters (at the 
macro level) have been standardised and are 
presented in Chapter 4. The impact of site 
microclimates is reported in the accompanying 
reports on field trials where appropriate. 

The control of the in-country field experiments 
rested in the hands of individual scientists 
(e.g. David Gwaze - Zimbabwe, Paul Ryan -
Australia, Khongsak Pinyopusarerk - Thailand, 
Sam Kaumi and later Patrick Milimo - Kenya) . In 
China Bai Jiayu (tropical eucalypts, acacias and 
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casuarinas) and Gao Chuanbi (Acacia mearnsii 
provenance trials) were the scientists in charge. 
Naturally, because of the large number of trials 
established in China, these leaders sought help from 
other local scientis ts. Subleaders included Wang 
Huoran (tempera te a nd subtropical eucalypts and 
casuari nas), Yang Minquan (tropica l acacias), Z hou 
Wenlong (t ropical eucalypts and casuarinas - nort h 
H aina n), and Wu Kum min (tropical eucal ypts and 
acacias - sou th H ainan). Each scientist e fficiently 
coordinated in -coun try personnel and supervi sed 
assess ment proced ures, while a wo r ksho p a t 
Gympie, A ustralia, in August 1986 served also to 
bring most of the ACI A R tr ial leaders togeth er for 
discussio ns for the fi rs t time . The result s were 
published as No. 16 in ACIAR's P roceedi ngs Series. 

Australia 
T he lesser-known species selected fo r trial grow 

naturally in a wide range of environ ment s in 
nort hern Aust ral ia. T hese include the hu m id coas ta l 
lowlands (Acacia mangium, A. oraria , etc.) in 
northern Q uee nsla nd, seasonall y dry tropical 
wood la nds in the count ry so uth of the Gu lf of 
Carpentaria (Parinari nonda, Termina/ia spp ., 
Grevillea spp. , Me/a/euca spp ., etc.) and semi-arid 
woodlands and shru bla nds o f central A ustra li a 
(Acacia ammobia, etc .). W it h such a range o f 
mater ia l fro m diverse cl imat ic regio ns a logical 
ap proac h wo uld ha ve been to lo ca te several 
appropriate t rial sites to test selected suites of species 
in appropria te climatic regions in no rthern 
Australia. While such reasoning is sound , there are 
di fficult ies in the implementation , funding and 
administration of such an exercise, pa rticularly in 
sparsely popu lated northern A ust ra lia. 
Consequently, a deci sion was made to fo rego 
growth data from a diversit y of environment s in 
Austra lia, in favour of concentrating the genetic 
material in a convenient location where it could be 
managed properly and assessed and be avai lable for 
study . Two sites were chosen near Q ueensland' s 
major forestry research station at Gympie which is 
readi ly accessible from Brisbane. This enabled an 
effective planting program where nursery, 
glasshouse, planting machinery and a whole range 
of technical and scientific backup could be brought 
together. In addition the location of the trials near 
a major technical training centre at Gympie and its 
close proximity to the Brisbane international airport 
ensured its relative accessibility as a field teaching 
and training laboratory for both local and 
international trainees. 

The decision to consolidate near Gympie did, 
however, have some serious technical limitations. It 
meant , for instance, that most species being tested 
would be cultivated either outside their natural 
climatic range or on the southern fringes of their 
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distribution. Exposure to light frosts caused damage 
to some species from frost-free localities on 
occasions . However, on the positive side , the sites 
provided an indication of those species with the 
capacity to tolerate wide environmental amplitudes . 

Two major cl imatically similar (see Chapter 4) 
sites were chosen near Gympie (Tuan/Toolara State 
Forest and Wongi State Forest). T heir soil types are 
d issimilar (e.g. Tuan/ Too lara has deeper sandy 
loams while Wongi has a shall ow p rofile and 
contai ns more clay - Rya n e t a!. 1987). 
Stra tegically , however , the dupl ica tion o f the tria ls 
served also as insurance against disas ter occurring 
to ei ther. 

Recogn ising the environmental limit at io ns in the 
planti ng sites in South Q ueensland to prov ide 
suit a bl e co ndi ti o ns for all t he species, t he 
Depa rtment o f Fores try, and Di vi sion of Fo restry 
a nd Forest P roducts CSIRO did at tempt to establish 
small , a rboretu m-type pla ntings at severa l sites in 
northern Aust ra li a (Dalby, Atherton, Mareeba, 
Darwin , Card well a nd Broome) . T hese trials met 
with some success (A pplegate and Nicholson 1987) 
but were affected by adm inistra tive a nd logi stic 
diffi culties. 

China 
In the China experimen ts fo r p roject 8457 : 

' Introd uct io n a nd Cu lt iva ti on o f Aus tralia n 
Broadlea ved T rees in C hina' , three broad clima tic 
zo nes - tropical, subtropical an d tem perate - were 
selected . Wit hin these zon es pla nting sites were 
select ed o n tro p ical H ai nan Island (Haina n 
Province) , subtro pica l Z hangzho u (Fuji a n 
P rovince) a nd tem pera te Kunming (Yu nnan 
P rovi nce) by t he T rop ica l Forestry Researc h 
Instit ute, Chinese Academy of Forestry (CAF) , in 
Guangzhou and the Research Institute of Forestry , 
Beij ing. 

T he provenance tria ls of A . mearnsii (project 
8458 : 'Wattle Silviculture and Utilisation of T annin 
Extracts') were managed by the CA F Subtropical 
Forest Research Institute in Fuyang. Priori ty lVas 
given to having secure land tenure and eight 
provenance trials were established in cooperation 
with forest farms, agricultural universities and 
research stations, and provincial and country 
forestry bureaus. Strategically, trials were located 
where black wattle is either grown currently or was 
anticipated to be established in commercial 
plantations in the future . The Chinese had a special 
interest in promoting black wattle cultivation in 
colder areas near the limits of its climatic tolerance. 

The trials were managed usually by staff on forest 
farms in provincial and county forestry bureaus 
(since the Academy has no control of land) in 
collaboration with staff at the Tropical Forestry 
Research Institute in Guangzhou, the Subtropical 




