
-!J ,oNd 

1'41. 

Edited by Norma Adams and Robert K Dixon 

Winrock International 



Forestry Networks 

Proceedings of the First Network Workshop 
of the Forestry/Fuelwood Research and 
Development Project (F/FRED) held 
September 24-27, 1986 in Bangkok. Thailand 

1986
 
Winrock International Institute for Agricultural Development
 
Supported by the U.S. Agency for International Development
 



Forestry Networks is the proceedings of the first networks workshop of the Forestry/Fuelwood
Research anid Development Project (F/FRED) held September 24-27, 1986 in Bangkok, Thailand. It was conducted by the F/FRED Project team in association with the Winrock International Institute
for Agricultural Development, prime contractor for the F/FRED Project. Financial assistance was
provided by the U.S. Agency for International Development. 

Planning Committee 

Suree Bhumibhamon, Associate Professor, Kasetsart University Faculty of Fcrestry
Safleh M. Nor, Director General, Forest Research Institute of Malaysia
Khalid M. Siddiqi, Director, Forest Products Research, Pakistan Forest Institute
Scmsak Sukwong, Dean, Kasetsart University Faculty of Forestry
Y.S. Rao, Regional Forestry Economist, Food and Agriculture Organization, Bangkok

Robert K. Dixon, F/FRED Species Network Specialist, Winrock International and Associate
 

Professor of Forestry, Auburn University

William F. Hyde, F/FRED Land and Forest Management Specialist, Winrcck International
 
Thomas C. Niblock, F/FRED Project Manager, Winrock International
 

Technical Editors 

Norma Adams, Project Editor 
Robert K. Dixon, F/FRED Species Network Specialist 

Library of Congress Catalog!ng-ln-Publication Data 

Forestry/Fuelwood Research and Development Project. 
Network Workshop (lst: 1986: Bangkok, Thailand) 
Forestry networks. 

1.Forestry/Fuelwood Research and Development Project--Congresses. 2. Forests and forestry--Information services--Asia--Congresses. 3. Multipurpose trees--Information services--Asia--
Congresses. 4. Forests and forestry--Research--Asia--Congresses. 5.Multipurpose trees--Research-.
Asia--Congresses. 6. Information networks--Asia--Congresses. 7. Forests and forestry--Information
services--Developing countries--Congresses. 8. Multipurpose trees--Information services--Developing
countries--Congresses. 9. Forests and forestry--Research--Developing countries--Congresses. 10.
Multipurpose trees--Research--Developing countries--Congresses. 11. Information networks--
Developing countries--Congresses. I. Title. 
SD356.54.A78F67 1986 025'.066349'095 86-26682 

Copyright >Winrock International Institute for Agricultural Development, 1986. 



Contents 

Foreword vii 

Preface ix 

Acknowledgements xi 

Acronyms X.. 

MPTS Networking 

Introduction 3 

Opportunities for MPTS Biotechnology Research Networking 5 

MPTS Provenance Trials 15 

Planning and Implementing MIPTS Field Trials 25 

Regional Opportunities for Networking: The FRIM Experience 33 

Survey Methods to Determine Research Priorities: A Thai Case Study 41 

Integrating the Social Sciences into MPTS Research Networking 53 

Global Research Networking 

Introduction 61 

Overview of DBMS for MiPTS 63 

MPTS Data Base: Concepts, Contents, and Objectives 71 

Hardware and Software Systems for Data Management in MiTS Research 79 

Appendices 

I Framework of the F/FRED Research Network 89 

II Announcement of Establishment of a Research Network for MPTS 91 

II Field Trip Summary 93 

IV Participants 95
 

V Program 
 101 



Foreword 

The first Forestry Networks workshop held in Bangkok, Thailand September 24-27, 1986,established the F/FRED Research Network in Asia, a milestone moving toward the goal ofidentifying and providing improved species of multipurpose trees to benefit the rural poor and meetthe needs of an expanding population for fuelwood, construction materials, and various other uses.This is a prinrity and shared goal not only of the U.S. Agency for International Development, whichfinanced the workshop, and of Winrock International, but also of a sizable and growing number ofAsian forestry departments, research and education institutions, and scientists. Interest by these groups was evidenced by thle high level of workshop attendance, the high quality of the papers
oresented, and the active dialogue among participants. 

Winrock Interralional is proud of the opportunity to share in implementing the F/FRED Projectand in exchanging experiences with the forestry community in Asia. We look forward to the manyoccasions tiat lie ahead to collaborate with our colleagues in Asia, the United States, and othercountries as field trials are initiated, results evaluated, and information exchanged for improved
projects and use of multipurpose trees. 

It is a pleasure to introduce this volume of proceedings from the first Forestry Networks 
workshop. 

Robert D. Havener 
President 
Winrock International 
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Preface 

Rapid depletion of forest reserves and the growing scarcity of wood for cooking and tree products for
other household 
uses have emerged in recent years as a growing concern of development planners andspecialists in most countries and development institutions. In recognition of this, AID identified forestryresearch as one of its top four priorities for long-term commitment. AID coordinated closely with IUFRO,World Bank, and interested developing countries in preparing the F/FRED Project, which reflects closecoordination and joint funding between the Bureau for Scierce and Technology, the Asia Near East Bureau,and other regional bureaus of AID. In the course of preparing background papers, the authors held manydiscussions with experts and scientists in developing countries, the United States, and elsewhere. Design ofthe F/FRED Project is largely derived from these studies and consultations. 

In deciding to finance the F/FRED Project, AID was aware that tree species trials had been conducted forat least 100 years on selected commercial species, such as Pinus and Tectona. Yet, this research did noinclude MPTS intended to meet the needs of small farms and woodlots. Little systematic research and sharingof findings have been done for such trees. AID concluded that large benefits would flow from more systematicresearch to improve these neglected "low value" trees and from shared findings, i.e., networking between 
research institutions and concerned scientists. 

Also recognized was the long and constructive record of the IUFRO in strengthening worldwide forestryresearch and, in recent years, heightening interest in MPTS. Indeed, the 1984 IUFRO-sponsored workshopheld in Kandy, Sri Lanka, which identified priority species using an environmental zone approach, contributed 
to the development of the F/FRED Project. 

As prime contractor to AID, one of Winrock International's first steos in developing a project framework
 was to create an ad interim steering committee, which met in Bangkok, Thailand June 24, 1986, to plan the
first Forestry Networks workshop, whose objectives were to introduce to the Asian forestry research
community F/FRED opportunities and activities, as well as the use of microcomputers in forestry research

information exchange. 

Held September 24-27, 1986 in Bangkok, this workshop brought together over 60 forestry research andinformation specialists from Asia and represented a milestone in moving toward the goal of identifying andproviding improved MPTS to benefit the rural poor and meet the needs of an expanding population forfuelwood, construction materials, and other uses. Anticipating the benefits from improved management andsystems for control and validation of experimental data from field trials, action was taken by the workshop
participants to establish a research network for IVMPTS. 

Known as the F/FRED Research Network, it builds on recommendations of the 1984 IUFRO-sponsoredKandy meeting and is also designed to complement other research networks and activities of variousmultilateral and bilateral agencies that assist forestry development programs in Asia. The workshopparticipants drafted and adopted an organizational framework for the network (see Appendix I) that extendsmembership and/or observer status to Asian forestry 'Jepartments. forestry and agricultural researchinstitutes, and to schools of forestry and agriculture. A steering committee serves as the governing body of theF/FRED Research Network and is composed of a representative from the lead institution of eachparticipating country. A communique, issued at the close of the workshop, announced the formal
establishment of the F/FRED Research Network (see Appendix II). 
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PREFACE
 

Winrock International is proud to share in facilitating the F/FRED Project and for the opportunity to
share experiences with the forestry community. We look forward 
to the many occasions that lie ahead tocollaborate with our colleagues in Asia, the United States, and other countries as field trials are initiated,results are evaluated, and information is exchanged for improving products and uses of MPTS. 

The procecdings of the first Forestry Networks workshop is divided into two sections. Section I introducesMPTS networking from three perspectives--biotechnology research, provenance trials, and field trials. Paperspresented by Asian scientist3 on the Malaysian experience in regional networking and surveys conducted inThailand to determine research priorities are contained in this section. Also included is a paper on how thesocial sciences can support MPTS research networking. Section II introduces the global research networkingcomponent of F/FRED and includes three papers. The first is an overview of data base management systems,the second describes the MPTS data base at the ICRAF, and the third presents hardware and software 
systems applications for data management in forestry research. 
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Introduction 

The F/FRED research networks are a core group of institutions and scientists who share a commoninterest in improving the establishment, management, and utilization of MPTS by farmers in Asia. Researchnetworking within the F/FRED project is defined as people who communicate in areas of common interest.MPTS include trees or shrubs that have multiple end uses, such as fuelwood, fodder, fiber, and food 
cultivated by resource-poor farmers. 

For research networks to function, information must be shared. Thus, network members must aree on astandardized data set and methodologies for collecting, analyzing, and reporting information. The F/FR El)global research team will work with network members to develop useful standardized data sets and microcomputer linkages. Priority MPTS networks and research needs established at the 1984 lUFRO-sponsorcd
wNorkshop, Increasing Productivity of Multipurpose Tree Species, held in Kandy, Sri Lanka, have been 
adopted by F/FRED network members. 

The focus of the F/FRED MPTS research networks include both biological and social questions assuciatedwith the cultivation and use of MPTS by resource-poor farmers. Project scientists will foster network rec;irchactivities through dissemination of research information, cooperative experiments, twinning relationships.state-of-the-art workshops, and graduate student training programs across the region. F/FRED networkactivities are designed to complement existing research programs in the Asia-Pacific region. Recently,F/FRED project cooperators defined network structure and function and a full range of activities h;s becriinitiated. Future network activities will be coordinated at the F/FRED office located at the Kasetsart
University Faculty of Forestry in Bangkok, Thailand. 
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Opportunities for MPTS Biotechnology Research Networking 

Robert K. Dixon 

F!FRED Network Specialist, Winrock International, Bangkok, Thailand
 
Associate Professor, School of Forestry, Auburn University, Alabama
 

In recent decades, many forest and agriculture development programs have been modeled aftersuccesses realized in the so-called Green Revolution (Plucknett et al. 1983). These programs havebeen advocated due to the dramatic improvements in crop productivity. The failure of appropriatetechnologies to provide similar crop productivity improvements and the lack of meaningful landreform programs have strengthened the desire of the rural poor to adopt energy and capital intensiverural development programs to increase crop production and meet basic needs (Buttel, Kenney, andKloppenburg 1985). However, there isgrowing evidence that the substantial increases in forest andagriculture production attributed to the Green Revolution are reaching aplateau (Balandrin et al.1985). Moreover, many analysts predict past levels of agriculture and forest production may bedifficult to sustain due to the Third World debt crisis. These factors, coupled with a growing worldpopulation problem, have focused attention on recent advances in applied and molecular biology. 

The group of emerging technologies generically known as biotechnology promises to revolutionizechemical production, plant breeding, energy generation, food and fiber processing, as well aspollution and waste management. The complexity of technologies has led some analysts to predict theeffects of forest biotechnology as far in the future, particularly with regard to impact on farm forestryand the rural poor. In this paper, I will demonstrate that biotechnology will have increasingly

significant applications to the establishment, management, and use of MPTS.
 

A broad definition of biotechnology is the management of biological systems for the benefit ofhumanity. In this sense, biotechnology had its infancy in the cradles of civilization when humans firstdomesticated plants and animals. Early farmers selected seed from the best performing plants to use
for subsequent crops. Biotechnology matured considerably in the late 19th century, with the
acceptance of genetic principles established by Charles Darwin and Gregor Mendel. 
 Classical plantbreeding techniques developed by these and other scientists fueled the Green Revolution in Asia and 
Latin America in the 1960s. 

Until recently, manipulation of biological systems has been limited by the genetic constitution oforganisms. Research culminating in the 1970s removed this barrier and a biological revolution isnow
underway. The new biotechnology has been defined as: 

" The selection, isolation, and transfer of agene from one organism to another." The technology of manipulating genetic material to create new products and processes.

" 
 Using living organisms or their components to improve plants and animals. 

FOREST BIOTECHNOLOGY 

Forest biotechnology involves directly or indirectly all of man's uses of living organisms for theproduction of food, tuel, and fiber. This factor isparticularly significant in tropical regions, whichcontain two-thirds of the world's approximately 4.5 million plant and animal species. This diverse poolot plants and animals has great potential value in all fields of biology, particularly forestry and
agriculture (Balandrin et al. 1985). 
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Forest biotechnology applications encompass much more than genetic engineering. A broad rangeof new technologies and terminology has evolved (see Glossary, p. 14). In f7-m forestry,biotechnology applications encompass tree seedling production, fertilization, protection ofplantations, wood processing, development of new forest products, wood by-products uses, and safemanagement of hazardous wastes. Biotechnology research and development can potentially alter 
many aspects of forest-based economies of nations worldwide. 

APPLICATIONS 

Germplasm Preservation 

While MPTS crop yields have been generally increasing, the genetic base of most important treecrops has been rapidly narrowing (Plucknett el al. 1983). The adoption of high-yielding varieties overbroad areas has resulted in subsistence farmers abandoning indigenous tree crops that were rich ingenetic diversity. In the past two decades, for example, native MPTS in Southeast Asia have beenabandoned after the introduction of Eucalyptus, Casuarina, and Acacia varieties from Australia. 

When vast areas are dedicated to a single MPTS genotype (Burley and Stewart 1985), fodder, fuel,fiber, and fruit productivity becomes extremely vulnerable to factors that limit yields. As a result ofthe country's dependence on a single species, Dutch elm disease killed tile majority of urban shadetrees in the United States and triggered a mass replacement program. A similar problem exists withthe widely planted multipurpose tree Leticaena. Infestation of plantations by the jumping plant licehas resulted in mass defoliation and decline of fodder yield and fiber growth. Wide dependence byfarmers on Leucaena has exascerbated economic problems of the rural poor in developing countries 
in the Asia-Pacific region. 

To counteract the genetic vulnerability of MPTS crops, foresters and agronomists must collect
germplasm 
so that geneticists will have the resources necessary for biotechnology applications. Most
gent: banks (e.g., IRRI, CIMMYT, ICRISAT) currently store germplasm of major agronomic crops,
but the germplasm of other important plants, such as MPTS, as well as nitrogen-fixing bacteria,
actinomycetes, mycorrhizal fungi, and yeasts should also be safeguarded. Research and development
organizations concerned with NIPTS should develop mechanisms to meet this need. To exclude
MvPTS crops from germplasm collections is unwise since much of the developing world is dependent
 
on them.
 

Developments in biotechnology are enhancing the value of gene banks (Balandrin et al. 1985).

Scientists are rapidly developing new bio-processes and recombinant DNA techniques, and naturallyoccurring genes serve as raw material and working models. Germplasm collections of MPTS in the
humid and arid tropics need to be extensively evaluated and documented so that biotechnologists can
fully cultivate the rich genetic diversity of the tropical latitudes. Currently, the phenotypic characters
of accessions are identified rather than genes of the plants. Emerging biotechno!ogtes associated with
gene mapping, transfer, and storage will improve the utility of gene banks. Given the enormousbenefits of MPTS, a global gene bank nerwork should be established to provide scientists the genetic
resources necessary for developing superinr crops. 

Production of Tree Seedlings 

Trees of the future will be superior to those harvested today (Farnum, Timmins, and Kulp 1983).
Classical tree-breeding techniques have already been used to improve several genera, such asEuca ptas, Leucaena, Acacia, and Alnts. Improved straightness, vigor, disease resistance, and woodproperties have resulted from selection and propagation of superior trees. Althougi effective,standard breeding and selection techniques are expensive and long-term: for this reason, fewinstitutions in developing countries are able to invest (McCown 1985), Historically, IARCs and a 
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select group of universities in developing countries have spearheaded these activities (Buttel, Kenney,
and Kloppenburg 1985). 

Biotechnology will decrease the time required to identify and propagate superior trees. Currently,vegetative propagation from plant cuttings is used to clone trees with desirable traits (Figure 1). The success rate of vegetative Propagation varies greatly with tree species. Although rooting of cuttings isa problem for some species, rapid production of selected clones of MPTS, such as Eucalyptus, ispossible (McCown 1985). The major problem with vegetative propagation is selection of superiortrees at maturity when propagation from cuttings is only partially successfui. 

Plant tissue culture may provide an alternative in cloning superior trees (Mott and Amerson
1981). Plant cells excised from meristem tissues of woody plants can be grow 
 as cell suspensions oras callus. Cultured cells become organized and form plantlets following inducement by appropriate
growth hormones. Currently, over 200 woody species have been established in callis culture,representing over 40 genera in 20 families. Differentiation of plantlets from tissue culture anJ geneticinstability of some cell lines limit the application of this technology. Further research is needed to
develop these techniques for a broad range of MVTS. 

Woody Plant Physiology 

,Microculhure 
(Tissue Culture)Clonal *" '''l," Secnr 

Genetic 
Physiological

Propagation Engineering Metabolite Tool 
Production 

Fig'ari 1. Alternative approaches in using tissue culturc techniques lIr genetic improvement of1 MPTS. 

In addition to cloning superior genotypes, tissue culture offers the potential for rapid screening of
superior genotypes (Libby and Rauter 1984). With Populus species, the rate of tree growth under
natural conditions was correlated with rate of callus production in vitro. Pinusspecies with abundant
tissue culture bud production show a good correlation with rapid growth in the field (Mott and
Amerson 
1981). Desirable traits such as growth efficiency; photosynthetic efficiency; and resistance to
disease, frost, drought, salinity, herbtcides, and toxic soil chemicals may be screened using tissue
culture techniques. Further fundamental research may elucidate biochemical traits of cultured cells
that correlate with wood quality factors, such as specific gravity, lignin content, production of
extractives, and fiber length (Burley and Lockhart 1985). 

Selection of highly desirable traits using these techniques assumes their existence in the gene poolof a given species. Traditional breeding methods have relied on the broad natural variability ofgenotypes within breeding populations or the introduction of mutated genes (Durzan and Bonya1987). New biotechnology methods include transfer of specific genes into the host plant, whichinvolves introducing foreign DNA ito the host cells. Several methods have been developed toaccomplish this (Torrey 1985'. Thc.iniques such as protoplast fusion and multiple gene transfer areexpected to be used in the furure: to improve agronomic and tree crops. 

Commercial propagation of genetically superior forest trees has been successfully implemented atseveral locations in developing countries (Bylinsky 1985). The Unilever Company is actively 
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micropropagating oil palm, with superior planting stock distributed to rural farmers and used withintheir own intensively managed industrial plantations. Several corporations in Europe, Asia, andNorth America have also invested heavily in tissue culture research and produced limited plantingstock (Buttel, Kenney, and Kloppenburg 1985). The National Chemical Company in Pune, India isdistributing improved Eucalyptus and Tectona stock to establish plantations that will providefeedstock for chemical production. The French consortium AFOCEL is distributing Eucalyptus andsome conifers to rural farmers in Africa. In Brazil, vegetative regeneration of Eucalyptus is being usedin combination with other biotechnology applications to increase stemwood yields. 

Manipulation of Soil Microbiology 

Forest soils are often nutrient-poor. Although it is sometimes economical to use selected fertilizerssuch as phosphates, the high price of nitrogen fertilizer has curtailed its use even on certain foodcrops and is rapidly changing the way many crops are grown (Dixon and Marx 1987). In SoutheastAsia alone there are 87 million hectares of saline, highly infertile, and drought-prone soil unsuitable 
for traditionally bred MPTS. 

Biological fixation of atmospheric nitrogen can potentially offset the need for commercial nitrogenfertilizers. Symbiotic nitrogen-fixation is of special interest because it occurs in close proximity to theplant roots so that little fixed nitrogen is lost to competing organisms. Many examples are known withMPTS, includingAlnus and Casuarinanodulated by actinomycetes (Brewbaker 1985) and leguminotustrees nodulated by bacteria of the genus Rhizobium. In New Guinea, an Ulmacea species was recentlyfound that is nodulated by Rhizobium and fixes nitrogen, offering the hope that a wider range of tree
families can be nodulated. 

It should be possible to develop nitrogen-fixing clones or varieties of the best tree species amongthose that already fix nitrogen (Torrey 1985). It may be possible to create hybrids between nitrogenfixing species and other good MPTS, perhaps by protoplast fusion. Better strains of symbioticnitrogen-fixing bacteria can also be developed. To create highly superior symbiotic nitrogen-fixingMPT- may require geneiz engineering of both the tree and tie bacterium and is a long-term
prospect that, nevertheless, should not be discounted. Achievement of superior nitrogen fixation.
drought resistance, and pest resistance in MPTS could reduce environmentally hazardous andexpensive chemical inputs and have far-reaching consequences on fodder, fiber, and fruit yields. Thecurrent problem with the Leucaena jumping plant lice in the Asia region emphasizes this research 
need. 

It is possible to use better methods of MPTS management to encourage free-living nitrogen-fixig
microorganisms (Chatarpaul and Carlisle 1983). One alternative is to interplant nitrogen-fixing
alders, leguminous trees, shrubs, or ground-covers with other MPTS crops. In some farm forests.decaying wood has been shown to be a rich site of nitrogen fixation. Correct management of MPTS
litter may help ensure maximum rates of nitrogen fixation by these organisms, thus enriching the soil.
It might even be possible to select and improve the dominant nitrogen-fixing microorganisms in 
forestry or agriculture. 

Mycorrhizae 

MPT'S grow poorly unless their roots are colonized by symbiotic fungi that form root-fungusstructures known as mycorrhizae. Mycorrhizae enhance nutrient uptake, especially of phosphorousand nitrogen. They also have been shown to increase disease resistance, reduce root shock inoutplanted seedlings, and increase tolerance to drought, salt, toxicants, and pH extremes (Dixon andMarx 1987). Severalfold increase in the growth rates of IMPTS seedlings in nursery and fieldsituations--and frequently field survival itself--is observed after proper mycorrhizal fungus 
manipulation. 
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Even though the benefits of mycorrhizal associations to tree growth have been increasingly
appreciated, little consideration has been given to mycorrhizae in MPTS nursery practices and
plantation management. In many parts of the world, natural inoculum of MPTS is absent, and
attempts to establish plantations or farm forestry programs failed until inoculum was provided.

Because many mycorrhizal furgi species have varying benefits for a given tree on 
- given site, naturalinoculation, where it does occur, may not provide the optimum association. Experiments on NrPTSinoculation with selected strains of Pisolithus,Cenoccocum, Hebeloma, and other genera havedramatically increased survival and growth on adverse sites. Because progress toward commercialproduction of P. tinctorius inoculum has been rapid (Marx et al. 1984), this may well become the firstfungus used for large-scale nursery inoculation. P.tinctorius,however, is only one of more than 3,000species that can be exploited worldwide. CLrrently, one of the most serious bottlenecks inmycorrhizae research is the inability to culture the vesicular-arbuscular type mycorrhizal fungi 'ree oftheir host plants. These fungi are responsible for mycorrhizae formation in many MPTS (Dixon "ind

Marx 1987). 

Protection of MPTS Plantations 

Alternatives to chemical control of MPTS pests are abundant and are most effective whenamalgamated into integrated pest management programs. Insect pathogenic microorganisms offerone solution for control. Many of the microparasites have merit, including viruses, bacteria, fungi,
protozoa, and rickettsiae. Awareness is increasing that viruses may be an extremely powerful tool to
 
control insect pests in MPTS.
 

The rhinoceros beetle (Otyctes sp.), indigenous throughout the tropics, is a serious damaging agentof Cocos sp. and Elaeis sp. Since the early 1900s, the Asian species Oiyctes rhinoceros has beenspreading through the Pacific and Melanesian Islands. The African species Oryctes nionoceros is alsospreading rapidly and severely defoliating plantations. Beetle control studies with baculovirusrevealed that infection and release of virus-infected adults in coconut plantations in Malaysia was aneffective method of controlling populations. Although extremely effective, these techniques should bCextended to identify other biologically active agents usable as alternatives to chemical control.
Genetic engineering can introduce new properties into biological control agents, such as enhanced 
virulence, broader host specificity, and longer shelf life. 

The tussock moth of tropical pines is a serious global pest. A 1976 outbreak in Papua New Guinea
destroyed 40 percent of the oldest stand of the Lapegu forest in the highlands. The termination of
this outbreak was accompanied by presence of a virus. In 1982, viruses pathogenic to the tussock
moth were released in New Guinea through aerial helicopter applications. The moth populations
were decimated by viral populations. Papua New Guinea is applying for further research support todevelop this biotechnology and to train local people in the application of biological control of insects. 

Fiber Processing 

The recognition of MPTS as important gene pools and sources of chemical and energy feedstockshas led to intensive efforts to develop appropriate technologies for harvesting and processing newproducts (Kirk, Jeffries, and Leatham 1983). Biotechnology will directly affect methods of processingbecause MPTS selection methods will alter the raw material (e.g., fodder, fiber, fruit). Historically,important MPTS in the chemical industry have included Pinus sp. (resin), Elaeisguineensis(oil palm ).and Hevea brasiliensis(rubber). MPTS can be selected to overproduce resins or lignin. Biotechnologyn
will also directly affect the MPTS fiber-processing industry through improved methods ofpapermaking or use of wood residues from harvesting or manufacturing (Kirk, Jeffries, and Leathan1983). Small-scale technologies appropriate for the social, cuitural, economic, and environmental
conditions of developing countries have been developed in some regions (Burley !nd Lockhart 1983). 
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Certain microorganisms are able to partially delignify wood, suggesting a potential for IMPTS
 
biological pulping (Kirk, Jeffries, and Leatham 
1983). For example, white rot fungi found worldwide 
are efficient lignin decomposers. Investigators in Sweden have discovered that selected varieties of 
whiLe rot fungi are highly selective for lignin and selected cell-wall components. Removal of lignin
 
from wood or mechanical pulp with these fungi dramatically reduces the energy required for
 
mechanical refining. The time requircd for fungal treatment may be limited to a matter of hours if 
fungal strain and environmental conditions are optimized. Another potential application of microbial 
technology is biological leaching of pulp. Thb low cost and high efficiency of biological pulping are
 
attractive 
to farm forestry programs in developing countries (Buttel, Kenney, and Kloppenburg 1985). 

Development of New MPTS Products 

Traditonally, the primary products derived from woody plants have been building materials, 
paper, and fuels. Because of their wide diversity in chemical composition, MPTS offer an excellent
 
opportunity for expanding commercial production of useful products from a renewable 
resource 
(Burley and Lockhart 1985). The types of chemicals that may be derived from MPTS, in addition to 
lignin and cellulose products, include resins, phenolics, enzymes, waxes, flavorings, furfural, and 
pharmaceuticals. Other products of bioconversion may include fertilizers and protein for animal feed. 

To fully exploit chemical use of MPTS, an intensive screening program of'.aves, fruits, exudates, 
and whole tree chips is needed (Table 1). The biomass may be collected from farms, plantations,
 
natural forests, or harvest residues. Currently, this resource !sgreatly underused in developed and
 
developing countries. For example, tree-based oils from sandalwood (Santalum albuni) has 
an annual 
production of 150,000 tons in India. Oils derived from Eucalyptus in cottage and village industries are 
produced at a rate of 140,000 tons annually. There are over 100 other oil-bearing species in India of 
which less than a dozen are currently used. A review of the literature indicates that of some 300 
MIPTS, 5 produce waxes, 17 produce essential oils, 30 yield gums, 26 yield tannins and dyes, and I 
produces latax. One species, Azadirachta indica, which occurs in arid and semi-arid lands, yields at 
least one extractive in each plant component (roots, shoots, leaves). 

Table I. Types and uses of cxtractives 	and exudates fron MPTS. 

Types 	 Uses Examples 

xylem and phloeti saps 	 tired.drink. medicine Acer 	 acchraruo 

gums and mucilages 	 food indu.itry. medicine, adhesives. .-caciA eaaci,,ol. C,uolhorace 
inks. water color 

essenial oils perfumes flaoring. aiedicinc 	 El'achjnlo . 
IhttN oils 	 industria! coatings, plastics. Burn rospcrmm p rad1oion 

lubricants. Iood 

latex rubber 
 Hevea hrustli/hi% 

resins 	 paints. thinners. varnishes. adhesives. Pi ,.ssp. 
energy leedstock 

tannins tanning 	 ,4aca pna'alw.i 
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MPTS BIOTECHNOLOGY DEVELOPMENT 

Biotechnology can potentially benefit farm forestry in production and management of MPTS,wood and pulp processing, and develnpment of new fodder or specialty chemical products. Thistechnology has important implications for agriculture and forestry programs in deve!oping countries.India, Philippines, Thailand, Malaysia, and other countries have established national biotechnologyinstitutes and programs. UNIDO recently proposed the establishment of an International Center forGenetic Engineering and Biotechnology that would conduct research and transfer new biological

technologies to developing countries.
 

Current and emerging biotechnologies will improve cultural methodologies and yield of MPTS inzones now favorable to intensive cropping. However, in contrast to the Green Revolution,biotechnology applications wiil greatly expand the geographic sphere in which technology andresearch can be uscd to simlate forest and agriculture production. Biotechnology will make possibleextension of agroforestry to regions characterized by marginal edaphic and climatic factors, includingthose regions where subsistence commodity production by the rural population has persistedunchallenged. A principal feature of many new biotechnologies is the applicability of methodologies 
to a range of organisms. 

The effects of biotechnology on forest and agriculture production will be equally profound inindustrial and nonindustrial countries. Transnational forest product and chemical companies, geneticresearch firms, and university labs are developing improved crops or bio-processes to use MPTS(Bylinsky 1985). Principal research areas include yield improvement, achievement of nitrogen fixationin nonleguminous crops, enhancement of 1)hotosynthesis, manipulation of growth regulators,improved stress tolerance (e.g., temperature extremes, drought, soil toxicity), pest and pathogt:nresistance, plant architecture, and new products. Expansion of this research to a broad range ofMPTS is urgent. In almost every aspect of MPTS culture and use there are strong prospects forbiotechnology to enhance yields, renewable resource production, and human welfare. 

A unique aspect of biotechnology applications that differs sharply with those of the GreenRevolution is the tripartate relationship of government, universities, and private industry (Buttel,
Kenney, and Kloppenburg 1985). This relationship is common in developing countries where capital
is in short supply, new markets are emerging, and genetic resources abound. Biotechnology research,
development, and production facilities are relatively expensive. The leading 50 genetic engineeringfirms have a capital investment of over $1 billion. Although the IARCs are moving to exploit new
biological technologies, diminishing resources prohibit them from meeting the enormous challenge
and responsibility of technology development and deployment. Thus, biotechnology applications 
maybroaden *he scientific and technolb.ca! gap between developing and advanced industrial nations. 

ELECTRONIC INFORMATION MANAGEMENT 

Improvements in micro-computer hardware and software provide biotechnologists with a powerful
tool to organize, store, analyze, model, exchange, and retrieve data (Rose and Cady 1986). For
example, specific information on 
the many MPTS gene banks, strains of bacterial or fung7al synmbiont.-.or specialty chemical extracts are now easily managed. Summaries of key information on analytical
laboratory techniques and tissue culture methodologies for specific research and developmentproblems are now accessible via electronic transfer hardware. Moreover, raw data can be tran,1ormcdusing physiological simulation models and statistics to answer questions regarding plant structure,function, and yield. 14DS, such as disease (e.g., virus) indexing of seeds or efficiency of Rhizolumhave been implemented by private industry in North America and Europe in recent years. Thedevelopment of IDS for evaluating and managing biotechnology applications with MPTS (e.g.,strains of superior mycorrhizal fungi, germplasm collections of rare chemical producers, or biological

control organisms) should be accelerated. 

http:technolb.ca
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Efficient technology transfer in the rapidly developing field of biotechnology is precluded by
traditional scientific outlets, such as journal publications or books (Plucknett and Smith 1984). 
Emerging laboratory techniques, production methodologies, and the rapid expansion of organism 
gene banks require improved formats for reporting, transferring, and disseminating information. 
Establishment of biotechnology-oriented data bases in Asia will rapidly accelerate MPTS 
improvement programs as new knowledge is accessed. The standardized techniques and MDS 
associated with biotechnology research and development applications are well-suited to electronic 
networking with micro-computers. Information learned from biotechnology research and 
development can be easily transferred to network members, thus improving research planning and 
evaluation as well as accelerating industrial applications of new technology. 

NETWORKS 

Developing countries share many common forest-related problems, including a chronic shortage of 
fuelwood, rapid deforestation of landless rural people, and subsistence farming. Forest biotechnology
applications could play an important role in solving these problems. Most Asian countries have 
facilities and resources too limited for conducting the fores biotechnology research that is required.
Moreover, an urgent need exists to develop a mechanism to develop and deploy the benefits of IvMPTS 
biotechnology applications in developing countries. The transition from innovation to product
marketing is expensive, and the expertise and financial capacity are concentrated in only a few 
companies and countries. 

Biotechnology research networking within the F/FRED project can systematically organize the 
region's scarce forest biology research resources to attack some of the region's major forest resource 
and human problems. Most countries within South Asia share common basic problems with research 
infrastructure. Sharing resources through a coordinated program of research scientists, institutions, 
and countries can be more effective than an individual approach in marshalling resources, and can 
more quickly explore a wider range of optional solutions (Plucknett and Smith 1984). A coordinated 
approach using electronic information exchange is especially critical to successful fundamental 
research where the goal is to develop basic information to solve major problems of broad significance.
Most Asian countries share common opportunities to apply emerging biotechnologies and could 
benefit from a coordinated, cooperative research program on forest biology problems conducted 
through informal or formal research networks that link up scientists and research institutions in 
different countries and different disciplines. Such linkages can: 

* help organize a larger research effort to work on a fundamental biology problem with a range
of skills, research methodologies, and facilities wider than any one country or institution could 
provide; 
* allow countries with limited forest biotechnology research capabilities to exploit a wider range 

of scientific expertise and facilities through cooperative research programs; 

" stimulate cooperative biology research with non-forestry scientists and specialized institutions; 

" prride a largc gene pool of MYS and associat,;d organisms for experiments; 

* provide a wider data base for testing hypotheses and developing more general scientific
 
principles and techniques;
 

" offer improved mutual training opportunities among collaborating scientists; 

" link scientists to private industry and improve opportunities for their research and expansion 
of new technology; 

* offer investment opportunities to donors and private industry in forest biotechnology research. 
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Current Asian forest bioter!..,ilogy research capabilities cannot adequately support the intensive 
forest resource development planned for the region in future decades. Research networking offers an
effective means of augmenting existing research personnel and facilities in the immediate future, and
would substantially increase the level, productivity, and effectiveness of biotechnology applications in 
Asia within the next 10 years. Without exception, opportunities exist for biotechnology to enhance 
renewable resource-based production and human welfare throughout Asia. 
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Glossary of IMPTS Biotechnology Terms 

Asexual propagation. Vegetative, somatic nonsexual propagation of plant parts without fertilization. 

Callus culture. Proliferation from a parental explant of many cells in protoplasmic continuity, buthaving no equivalence with any normal tissue. Same as tissue culture. 

Cell differentiation. Internal chemical or ultrastructural changes preceding or accompanying

specialization of function.
 
Clone. 
 A strain of cells or organisms obtained from a single cell or organism genetically identical.
 

Also, identical copies of genes.
 

DNA. 
 A linear polymer of deoxyribonucleic acid, the sequence of which defines the genetic message. 

Gene. A segment of DNA in a chromosome that codes for a functional product, either RNA or its 
translation product, a protein. 

Genetic engineering. Altering the heritable genetic makeup of an organism by other than standardbreeding techniques, usually adding genes front one organism to another. Other similar terms include
gene-splicing, ligation, and recombinant DNA. 

Genotype. The genetic constitution of an individual organism.
 

Mutation. 
 A change in the DNA sequence of an organism, usually produced by irradiation or
 
chemical treatment.
 

Plantlet. A small rooted shoot. Also, a piece of calius having both roots and shoots that are not
 
connected together inside the callus.
 

Protoplast. A spherical cell without a wall, surrounded by a membrane. 

Somatic. Referring *o vegetative, or nonreproductive tissue. 

RNA. Ribonucleic acid; similar to DNA but functioning in the expression rather than storage of 
genetic information. 

Se!ection. Process whereby desired genotypes are isolated from a population of organisms. 

Tissue culture. Cultures of cells from multicellular organisms outside the whole organism. Other
similar terms include callus and cell culture. 

Vegetative propagation. Asexual or nonsexual propagation. 



MPTS Provenance Trials 

James L. Brc;wbaker 

Professor, University of Hawaii
 
President, Nitrogen Fixing Trec Association
 

The following assumptions have been made for this discussion of network trials involving MPTS 
provenances and progenies: 

* A single species or EGP of MPTS has been selected for intensive study over a wide geographic
region; 

" Seeds are available from different provenances and/or single-tree progenies for further study: 

" Network trials can be justified by evidence for genetic differences in yield, in site specificiry, or 
in resistance to disease, pests, and/or stress. 

BACKGROUND
 

Collaborative trial networks with plant species are customarily based on genetic variation thatallows the identification of superior cultivars with specific local adaptability. Collaboration is requisiteto regionwide recommendations, to reduction of work at each location, to the estimation of G x E
interactions, and to the exploitation of specific capabilities at each location for intensive, narrowly
based inquiry (e.g., effects of a single disease race). 

Network trials have been the basis for much genetic advance and for the recognition of
extraordinary crop germplasm with wide adaptability, and may be expected similarly to niildcrIrdimprovement of uil tipurpose, fast-growing tropical trees. Yields are recorded in such trials, o'
 
course. but are often a symptom rather than a cause for which the trials are networked and dara

combined. Typically, stable genetic resista,, ce to a disease, stress, or pest is the basis tor the trial. Thisis more imperative perhaps with annual crops, which are less tolerant than tropical trees to broad pest
and disease. A few tropical examples of effective IARC experiences with networks are: 

* IRRI--rice disease, pest, and stress :oleiance 
• CIAT--acid tolerance in pasture legumes, compatibility of beans with maize 
o CIlMYT--.yieid and harvest index 
" AVRC--leafspot resistance in mungbean
" ICRISAT--grain yield and quality in pigeonpea, yield and pest resistance in sorghum and 
millet 
* IITA--disease resistance in maize, cassava, and cowpeas 

Long-sustained network collaboration usually reflects conumnMi.n inputs from breeding prugr,..ii. Collaborative netvork trials grew out of the Cxperience of crop breeders, w%ith Major dcL.;Incontributions from the Rothamstead Experiment Station (U.K.) and Iowa State Univcrmitv (U.S.)
scientists. Temperate breeders of cereals and grain legumes have a narrowv seasonal "Indu'v, oifrost-free days. '0;Lxima! yields usually require that this window !'.e filled, i.e., that inte.r;icd incidentlight be maximized from emergence to physiological maturit.. Maturity classes finely d*i1 in1uil.h -uch
temperate cultivars, e.g., three classes in [o'.a alone for soybeans or maize. Superior yiulding cropvarieties are identified only through repeated trials, Usually involving 3-5 years at 10 or mlore 
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locations, and are based where possible on random model projections from identical replicated trials.In the tropics, collaborative food crop trials more often focus on disease, pest, and stress problemssince these dominate the challenges facing plant breeders. In U.S. seed companies, for exampe.choice is predicated heavily on the consistency of performance above the mean of each trial, and
costly variance and regression analyses are often left to scientists. 

At least four features of annual, tropical crop trials distinguish them from proposed F/FRED

trials:
 

1) their small size, very short duration, and low cost 
(2) involvement of many entries of breeders, often thousands of lines or hybrids
(3) rare questioning on site adaptability, local management methods, or differing local use
(4) inordinate focus of crop research on product quality and on disease and pest resistance 

However, at least four features of temperate tree trials distinguish them boldly from proposed

F/FRED trials:
 

(1 30-80 years duration 
(2) 10-20 years generation time 
(3) restricted focus on end use of timber of good form or of pull)
(4) extensive prior experience to guide scientists in trial design 

Given these comparisons, the trials with fast-growing trees in the tropics will be much more similarto crop network trials than to trials with the premier softwood timbers of temperate forests. Fodder
and fuelwood trials will be the most similar, having 3 to 24-month harvest cycles, high population
densities, and small plots. 

EGP AS A CONCEPT OF SPECIES 

A basic assumption for provenance/progeny trials is that SET have led to the focus on a singlespecies for intensive study. Species for the F/FRED-type research isequated . ith an EGFI.

Improvement of tropical MPTS involves gene pools well beyond the confines oi a single species of
 
our present interest. The EGP of any species must include all species to which it may be crossed 
 toproduce fertile offspring. To be pragmatic, we can add that a gene pool is effective only if it can
produce usable varieties within a reasonable time frame, e.g., 5-10 years for a tropical fuClwood 
or 
fodder tree. 

Tropical fuelwood trees arc genetically rich in that they breed rapidly, they represent species

complexes with high morphological 
 and ecological diversity, species complexes have high interspecificfertility, and the objective of "biomass in almost any shape or form" permits rhe breeder to
 
,noroughly exploit the gene pool.
 

Food crop breeders are heavily constrained by human preferences in taste, color, shape, smell, etc.Although every major food crop has cross-fertile relatives, their use as a gene pool requires extensivebackcrossing (sLx or more generations, reducing the non-recurren parent contribution by (I;2)'. to 
obtain a marketable food. 

Fuelwood or total hiomass, by contrast, provides the geneticist almost ulilnimcd scope ior LI:c 'i an inter-fertile germplasni pool (Burley and von Carlowitz 1983). \We have many fanliliai trecexamples with mixed hybrids used for biomass, e.g.. Salx, Eucalyptus, and Populus.This isai
expanding family now including examples such as Acacia (mangium x aunrculitiorns),Casuarm/,
(junghuhnianax eqtasetifolia),Leucaena (leucocephalax diversijblia and others) and Pr.sopt iw(I'a Xchinensis). I expect the EGP of all tropical fuelwoods to include two or more species. These will he 
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species that taxonomists view unequivocally as distinct in their morphology, and probably alko in their 
ecology, physiology, and cytology. 

It has been true historically that species hybrids routinely have exceptional biomass yields andfitness (e.g., wide site adaptability). The current use of Eucalyptus hybrids is illustrative, and cloning isthe key to commercial exploitation. In the legumes, production of hybrid seeds based on SI is another
option, notably cluning the SI parents as females for commercial hybrid seed production (Brewbaker 
1986). 

Provenances and single-tree, half-sib progenies within a single species constitute tile major initialgermplasm for F/FRED studies. I would suggest that genetic improvement should be a part of every
study with short-rotation trees. At the end of an experiment, simple roguing can create 
a useful seed
orchard; cloning can create an excellent one. Half-sib progenies can be taken from outstanding trees,
 
or full-sib crosses made. In a selfing genera like Leucaena, any genetically variable trial becomes a
potential reservoir of new pure-line germplasm. An early requirement for F/FRED studies is to
 
identify the sizte of the EGP.
 

THE EGP OF LEUCAENA AND ASSOCIATED PSYLLIDS 

The Leucaena psyllid (Heterop.sylla cubana) has become a major pest in Asia within a short time,
but is under predation and generally negligible in its Caribbean/Central American place of origin.

Leucaena Research Reports, Vol. 7, reviews this problem in detail, and addresses options ofbiological and genetic control. The psyllid came to Hawaii in April 1984, and clearly illustrates thesignificance of EGP. Soreiisson has shown that most if not all of the 12 Leucaena species cani hehybridized with the commercial L. leucocephala. We consider some of these hybrids commerciallyuseful. By having this gene pool well represented in Hawaii in April 198-', sources of resistance were
immediately apparent, as seen in Tables 1 and 2 (Sorensson and Brewbaker 1986).
 

Table 1. P%llid ratinus ifr Leui(actn p. 

Species Rating Provenances Comments 

L. collinsii 1-2 12 immune 
L. di'ervifilit 2n 3-7 32 Susceptible or tolerant 
L. diversifiulia 4n 4-8 39 Susceptible or tolerant 
L. t'scdenta I-7 51 Most in1inu ne. ,11 1 ,usce hptible
L. .reqipi 4-7 31 Susceptible or ioleramii 
L. Ianceoihta 5-8 35 Susceptible or tolerant 
L hanceohtra oni.ac 4-6 7 Susceptible or tolerant 
L. hticocepluta 4-9 531 Susceptible or tolerant 
L. MicUropl'vh 4-7 13 Susceptible or tulerant 
L. pallida 1-3 18 Immune 
L. pu/ erde'ta 6-9 16 Susccpiblc 
L. rticui 2.4 15 Tolerant or rcl,,iani 
L. i /antoiti 4-6 21 Su.cepthlbc or twierant 
L. trtiCode 4-7 24 Su.cepthle or tolerant 

I = immnune 
9 =hihly .,useptible 



18 MPTS NETWORKING 

Table 2. Psllid resistance anong inerspecilic Letc'aemm hybrids. 
MALE COL 

52 
DIV 
32 

DIV 
I04 

ESC 
52 

GRE 
56? 

L,\N 
52 

LNS 
52 

LEU 
104 

MAC 
52 

PAL 
104 

PUL 
56 

RET 
56 

SHA 
52 

TRI 
52 

L. collinsii i 2 3 
L. diversif (2n) 2 (5) 5 6 6 6 8 
L. diversif (4) (6) 8 5 6 3 5 
L. e cul'nta 
L. Lqre, qii 

(2) 
(5) 

3 3 

L. larceolatw 3 6 (7) 5 5 
L. I(Uc.Nsousat 
L. heucocephala 

3 
3 6 3 

5 
7 

(5) 
(7) 4 7 5 

4 
6 6 

L. inacroph via 
L pallida 
L. puh'eruhdnta 
L. rensa 
L.. hannoni 
L. trich d',v 

3 
3 

6 

3 
2 
7 3 

9 

6 
6 

8 

6 

9 
7 

(5) 
(2) 

3 
(8) 
6 14) 

4 

5 
6 
4 
5)I 

(6) 

G.C.A.# 2.8 6.0 4.6 3.0 - 6.1 5.5 6.2 - 3.3 6.5 4.5 5.1 6. 

*GencraI Comhbining Ability = average of all hybrids of this parent I =immune 

0 = hlghl~~,ucscplihlc 

Network trials coordinated by F/FRED and NFIA are proposed to help solve the psyllid problem.
The trials are to be designed at a collaborative workshop entitled Biological and Genetic Control 
Strategies for tie LetUcaenti Psyllid to be held by NFTA and F/FREI) November 4-7, 1986. A major
consideration here must be the EGP of ti pest, of which only a sample of germplasn has reached 
Asia and the Pacific region. 

SET VERSUS PROVENANCE TRIALS 

Attempting to do too much too fast ruins many experiments. Political pressure and erratic fuoldine
lead to extensive misplantings of trees. This occurs frequently enough in developed countries, but is
exascerbated with tropica: trees where less background information is available and where 
fiscal/political factors are often so great. No better examples of the need for preliminary trials can be 
found than experience over the past decade with Leuctaena sp. One such failure involved several 
hundred acres planted with bad seeds too late in the rainy season into an untested soil without
Rhizobiurn from badly designed containers. A preliminary trial of only 100 trees the year before 
would have prevented this error. 

SET are conducted largely to plan better provenance trials. The',' are especially important in 
preparing for large-scale developmental plantings. If carefully designed, they can in one year ;howy: 

* effective methods to establish and protect the trial (the major problem with most tree trials-
animals, fire, humans, weeds) 
o entries to exclude because of poor germination or growth
* treatments to exclude as ineffective, extreme, or too costly 

SET of MPTS germplasm can involve unreplicated plots, or, on occasion, single trees. [lowv.''er.
replication In SET permits statistical evaluation of the extent of useful replication, the most effective 
sample numbers, and pior sizes. These ev','ahluatiOS use variTnmce components analyses and re(luire that 
both replication and sampling within plots :ire practiced. SET ,iould be encouiraged because the' 
pro ,ide useful :lfot mation and are cost-effcctv.e. 
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BM AND MS TRIALS 

Two basic types of trials are recommended for F/FRED provenance trials: 1) BM trials, normallyat a single site or region and 2) IStrials at multiple sites and regions appropriate to tile trial
 
objectives.
 

Although the term benchmark has not been used by breeders, it usefully connotes a location or setof sites at which initial screening is made of the entire gene pool that might go into trials. )bvious
MIPTS rogues would include those with poor germination, poor seedling growth, or serious genetic
defects. BM progeny trials will normally be conducted at the site where progenies are being generated
under non-stress conditions (adequate water, pH, nutrition, etc.), and may involve small unreplicated
plots of genetic materials. Traits to be assessed at a BI site are those believed to be environmentally
stable, i.e., under genetic control with little G x E interactions. As examples, Waimanalo (Hawaii,
U.S.) is an excellent BM site for Leucaena screening trials for psyllid resistance, and Sanford
 
(Queensland, Australia) for tolerance of mild frost.
 

MS trials are indicated for all provenances and progenies of potential wide-scale interest. I propose
that the ARCB design he considered for IStrials in the F/FRED networks. 

G X E INTERACTIONS 

G x E interactions are generated in trials with different genotypes at different locations(Brewbaker 1984). Almost every MS tree trial can be expected to generate statistically significant Gi xE interactions, but their practical significance can be much debated. Such interactions assume
 
importance in two ways:
 

(1)associated G x E mean squares 3erve as an error term to judge the significance of genotype
mean squares applying the random model, giving a more conservative view of the superior
genotypes over some or all environments; and 

(2) when significant components of the environment are known and quantified, G x E interactions 
may be directly interpreted, e.g., different races of a disease can be seen to distinguish different 
sources of genetic resistance. 

More precise descriptions of environment through IStrials may hell) reveal the source of G x Einteractions. However, this exercise may be only time-consuming and frustrating since trees inteurate 
over the entire year the effects of many environmental parameters. Specific trials should he (Cvised todetermine precisely the regression of performance against specific environmental factors, e.g.,
pathogens, edaphic and climatic variables. These trials are to be viewed as an integral element in
provenance/progeny networks, planned collaboratively by the proposed cooperators. Of greatetimportance, the progress report data should be fully shared and preferably published annually i 
journals. 

Based on my experience, G x E interactions should not be a major factor 'overnine design of
F/FRED trials since it is expensive and inefficient to replicate each variable at ever, site. Greatgyenetic variability is expected with F/FRED tree species, and major differences will occur 'mon.1M IS
trials. Since the 0 x E main effects are expected to be large, caution should be used In irprerine
interactions. Let me cite a current experimental design problem ve encountered in Hawai. Thcexperiment focused on C x E, with each trial replicated 4 times with 26 species in 36-tree plots ar 2 x
2 m spacings. For two locations, this experiment (over 3 hectare.-) wfill cost about three times In'.'annual tree research budget. In contrast, a tew entries from this trial could be replicated at all
locations, thus permitting some assessment of G x E, but other species of less interest left 
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unreplicated. The savings of cost and time would permit me to conduct other equally important trials. 
The design that permits this approach is discussed below. 

ARCB 

The ARCB is highly suited to many types of tree trials, and may be a useful tool for the F/FRED
network. Particularly designed for tiials with numerous entries or treatments, it is especially suited to 
provenance and progeny trials. As with all tree trials, much care must be given to minimizing bordereffects between plots, resulting from competition for light and water. SET are important for 
excluding, for example, excessively slow growers. 

The augmented d,!signs were developed in relation to sugarcane experiments by Federer (1956), in
which newly bred varieties were to be compared with older, well-adapted ones. Sugarcane plots are
large and long-term, and experimental costs and error variances are high, much as in our tree trials. 

Tropical tree studies inevitably involve varieties or treatments at differing stages of evaluation.

Some varieties have been tried before, and can be considered at an advanced level of evaluation.
Their further comparisons require replication referred to here as treatments replicated (tr). Other

varieties or treatments that are preliminary or exploratory in nature are impractical and costly to

include in all replications at all experiment locations. They are referred to here as treatments

unr.plicated (tu). The ARCB puts both the tr and tu entries into the same 
trial, allowing, direct,

critical comparison. The average of tr entries in any block is treated as a baseline for ca)amprison.
 

The ARCB design has proven versatile, and we have used it for most maize and tree trials at the
University of Hawaii over the past 25 years. An academic example of simplified analyses is presented
in Annex A (reprinted by Huxley, 1985). Analysis involves simple randomized complete block
calculations of the tr plots, adjustment of tu plot values to the tr mean of the block in which they
occur, and application for treatment comparisons of a set of four standard errors. In practice, Our
maize trials usually involve 20 tr in four replications and 60 tu entries at eight locations annually. Thc
entries are changed slightly each year, with tu entries tested at least three years before discardin., or
advancing to tr status. Leucaena spacing trials involved four tr and eight tu in four replications at
several locations (Van Den Beldt et al. 1982). A current Leucaena wood-yield variety triail involves

about 30 tr and 30 tu in three replications. In practice, trials with numerous entries are conveniently

combined and compared using data as percentages of the mean of the replicated entries of the trial.
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Annex A 

Application orAugmented Designs in Field Crop Experiments 

Tropical crop and tree investigations often involve treatments or varieties at two distinct stages ofevaluation. Some treatments will be at a fairly advanced level and extensive replication is desired.
Because other treatments are preliminary in nature, it would be expensive and time-consuming to
include them in all replications at all locations of the experiment. An experimental design that

conveniently incorporates both types of treatments is the augmented design of Federer (Federer

1956, Federer and Raghavarao 1975, Federer and Searle 1976). 

The augmented design was first applied to varietal trials of sugarcane, in which new seedlingvarieties (referred to as tu) were being compared with older, well-adapted varieties (tr) (Federer
1956). Sugarcane plots are large and experimental expenses and errors high. The augmented design

permits great reductions in block size, but still allows critical comparisons of numerous entries. The
design has a convenient flexibility for use with any large set of varieties or treatments. This seems

especially true for tropical crop experiments, such as those involving multiple cropping, soil

amelioration, new varieties or new control 
measures. It has proved most effective and versatile forstatewide trials of corn and fast-growing trees in Hawaii. These will involve, for example, 20 tr and 61 
tu in small plots of maize or 5 tr and 10 tu in trials of trees. 

A Simplified Example of the ARCB Design 

Calculations and interpretations are applied to a set of data (Table 1) from a randomized completeblock design with 3 tr in 3 replications. The design was augmented by including in each replication 2tu. The experimenf thus includes 15 plots, with 3 replications of 5 plots each. Randomization is 
practiced in all plots in each replication, with no subgrouping. 

Table 1. Data from an ARCB. 

r tu
 

Sub-
Block BlockA B C total Totals 

1 8 6 12 26 (D) 4 (Ei 6 36I. 9 95 23 (F) 13 (G) I0 46 
I.1 12 138 33 (H) 10 (l) 8 51 



22 MPTS NETWORKING 

Preliminary Analysis of the Experiment 

In most instances, the following ANOV and standard error calculations, using only the tr, should 
suffice for augmented designs (Federer and Raghavarao 1975). Adjustment of tu values is required.
The basic ANOV (Table 2) ignores data from the unreplicated entries. The computed error variance 
is then applied in tests of differences among both replicated and unreplicated entries. The ANOV is 
traditional, using the data in Table 1 for :eplicated entries only (SS =Sums of Squares, corrected; CF 
=Correction Factor for the mean): 

Sum x = 82, Sum x2 =808, CF = (82)2/9 = 747.11 

SS Total = 808 - CF = 60.89 

SS Block = (262 +232+ 332)/3 - CF = 17.56 

SS Treatment = (292 + 192 + 342)/3 - CF = 38.89 

Table 2. ANOV of data in Table I. 

Source DF SS MS F 

Treatment 2 38.89 19.45 17.51 
Block 2 17.56 8.78 7.91 
Error 4 4.44 1.11 

The ANOV results in an error mean square of 1.11. This should reflect directly the dispersion of 
the three replicated varieties included in the five plots of each block; i.e., this mean square would 
normally be smaller if the unreplicated entries were excluded. In normal practice, probably no more 
than half of each block should be occupied by unreplicated entries. 

Adjustment of Tu Means 

Befre comparing means, it is necessary to adjust the tu values for the effect of the block in which 
each occurs. Letting ru represent the value of the unreplicated treatment in the ith block, the 
following adjustment must be made: treatment adjustment = tu - x + x ,where x. is the mean of all 
tr within the ith block, and x is the mean of all tr in the experiment. These values are as follows, 
based on data in Table 1: 

xi. =26/3 = 8.67 x3. = 33/3 11.00 

.= 23/3 =7.67 x =82/9 =9.12 
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Adjusted treatment values are then obtained as follows:
 

Treatment Tu Block no. Block Mean Treatment Adjustment 

D 4 1 8.67 4.4 
E 6 1 8.67 6.4 
F 13 11 7.67 14.4 

G 10 11 7.67 11.4 
H 10 1II 11.00 8.1 

8 111 11.00 6.1 

Standard Errors of Difference (SED) based on the Mean Square Error (MSe) = 1.11 can becalculated to apply to all treatment comparisons as follows, where replication = 3 blocks, tr = 3 and tu 
=6: 

1. SED between any 2 tr: 

(2MSe/replication)1/ 2 = 0.86 

2. SED between any 2 treatments in the same block: 

2 	=
(2MSe)1/ 1.49 

3. 	SED between any 2 tu not in the same block: 

[2 MSC (1+ 1/tr)]"' 2 = 1.72 

4. SED between tr (averaged over all blocks) and tu: 

[MS e (1 + 1/replication + 1/tr - 1/[replication x tr])J 1/ 2 = 1.32 

As an example of further calculations, least significant difference values were obtained by the 

formula: 

5% least significant difference = treatment at degrees of freedom error (dre =4) x SED 

For the four comparisons above, treatment =2.78 and the least significant differences are: 

1. 2.39 2. 4.14 3. 4.78 4. 3.67 

http:2MSe)1/1.49
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Applying these values (2.39 to replicated, 4.78 to unreplicated), significant differences are evident: 

C 11.3a F 14.4a 
A 9.7a G I' 4ab 
B 6.3b H 8. 1bc 

E 6.4c 

I 6.Ic 

D -. 4c 

Discussion 

The ARCB design provides a welcome flexibility to block designs where nct all treatments appear
to warrant full replication. By reduzing numbers of replicated entries, the size of blocks is reduced
and experimental errors should also be reduced. 

Great care is encouraged in choosing tr for long-term tropical crop trials. Prcliminary Cvaluatioll ilunreplicated plots (phase I trials) 'hat can be compared visually and statistically with tr :is control-,
permics better choice of treatments for study in advanced trials. Augmented designs might also
include tu such as those suggested by junior investigators, extension workers and farnmers, oi
treatments chosen for demonstration purposes or those representing extremes of treatment
combinations. A major advantage or the design is that such treatments, no matter how (liscrepaint
their values, do not contribute to experimental error (except as they may introduce undesirable
border effects, an important consideration). In a replicated experiment, the unwise choice of an
extreme treatment may greatly inciease the experimental error, thereby damaging the entire 
experiment. 
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Research networking is based on the key assumption that research information exists that can beshared or networked. For a network to grow and thrive, it must have a continual flow of experimentaldata. One of the objectives of the F/FRED project is to support Asian foresters and agriculturalists
to more effectively generate and use research on MPTS. 

The ultimate goal of MPTS research is to improve the productivity or profitability of growing oiusing MIPTS through individual and institutional field experimentation. ThLse experiments are uftenconducted without the benefit of knowledge about experiments in other countries or regions becauseof the obstacles of language, distance, tradition, and the expense of modern communication
technologies. The lack of effective exchange of research information can result in duplication of

expensive effLts and reduction of .cientific advance.
 

Networking cooperation between researchers and institutions can improve the efficiency andeffectiveness of MPTS research. To collect and analyze enough data on a single MPTS to deterrnileits site requirements, growth rates, and usage requires more effort than any single institution orindividual can provide. However, when this effort is shared among various network participants, theamount of total effort can increase dramatically while the amount of work required of any one
participant is reduced. Improvements in research output can result from increased experimental

planning, imp-ovements in methodology due to increased communications, and combined analysis ormodelling, which is only possible with multi-location experiments. Data from network field
experiments can 
be pooled, combined for analysis, or used in constructing models that may more

efficiently 
use research data and be more cost effective. 

Data, motivation, and technical and financial resources are critical requirements for successfulnetworking (Plucknett and Smith 1984). This paper will cover some of the steps required to begincooperative field trials to generate MPTS data through the F/FRED project. Much of the materialfound in this paper is adapted from an excellent manual on species and provenance experimentation
compiled by Burley and Wood (1976). 

TYPES OF COOPERATIVE MPTS EXPERIMENTS 

The IUFRO Kandy meeting report (Shea and Carlson 1985) identified 21 major research goals oractivities. Seventy-eight percent of these goals focused on four major areas of MPTS research: choice
of species, genetic improvement, improved biomass yields through silviculture/management, and
agroforestry systems design. The research interests expressed at the IUFRO meeting and insubsequent discussions with potential F/FRED cooperators suggest two primary types of MPTS trialsmight be encouraged for F/FRED networks: 1) species and provenance trials and 2) management 
trials. 

SET AND PROVENANCE TRIALS 

SET and provenance trials are types of research in which international agreement andcollaboration are of vital importance to all participants (Burley and Wood 1976). While SET andprovenance trials have been conducted in Asia since the 1800s. nearly all of them have been designed 
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to collect information on conifers or hardwood timber species for industrial plantation use. Very fewtrials exist for trees for multiple uses. For example, little work has been done to compare wood andfoliage yields of promising N4PTS or provenances under tile kinds of management used by farmers. Inaddition, few promising M!PTS have been tested in comparative species and provenance trials. Littleis known of the environmental requirements of some MPTS, such as the lesser-known AustralianAcacia sp. or how their performance compares with better-known Leucaena sp. or Eucalyptus
camaldulensis. 

Network trials can be categorized into two general phases: SET and provenance trials. Set allowthe mass screening of many potentially usable species for short periods of time. The amount of timerequired for SET of fast-growing MPTS might be as little as one year. The most promising speciesfrom these tests are carried into the provenance phase. At this stage, larger plots would be used forlonger periods of time, perhaps two-four years for short-rotation MPTS. This stage further testsspecies under plantation or small-farm management, and is intended to confirm the suitability of a
few species. 

SET are generally conducted for the primary purpose of comparing species growth rates andcharacteristics, such as form, pest and stress resistance, quality of wood and/or foliage, and suitabilityto local cultural practices. This type of experiment helps identify a range of sites to which a sptecies isadapted. It is essential that these sites be described fully to permit their incorporation into a network.including soil characterization and analysis, as well as climate data (e.g., temperature and rainfall)during the experimental period. Many tree SET have been conducted in Asia, but few of them areaccompanied by complete site descriptions. 

The priority species identified (MacDicken et al. 1986) have been compared in SET in many sitesin Asia. For these species, larger plot experiments of the provenance stages are more appropriate.Species x management trials that compare the priority species under two-three simple management
treatments, such as spacing or lopping, would provide more information relevant to small-farm 
 MITIS 
use than simple species trials. 

SET might be used to compare relatively well-known species with uqtested ones. For example,
there are various promising Australian Acacia sp. (e.g., Acacia cincinnata) that have not yet been
compared with /PTS such as Acacia auriculiformis or Leucaena leucocephala.
 

Provenance trials are progeny test of populations of the same species but of different provenances(geographical area and environment). Populations tested in provenance trials should represent thelocation and environment in whi, the parent trees grew and in which their genetic constitution hasbeen developed. It is critical to know and record the place of origin for all planting materials used inprovenance tests. Vital to any network provenance trials is careful collection, documentation, and
distribution of seeds. 

Provenance tests can also be classified into three phases: range-wide p.ovenance sampling,
restricted provenance sampling, and provenance proving. Limited provenance trials have been
conducted in Asia for Acacia mangilm, Dalbergia sissoo, Eucalyptus camaldulensis, Leucaenaleucocephala, Tectona grandis, and several pine species. An early network activicy might be tosummarize the present status of these trials and, from this summary, determine how to proceed with 
network provenance trials. 

The three main activities in MPTS and provenance research relevant to network efforts in Asia 
include (Burley and Wood 1976): 

1. Review of literature, correspondence, and knowledge of distribution and variation of species.
Coordination with other international or regional programs. 



FIELD TRIALS 

27 

2. Choice of species and provenances to test from parent stands in natural forests or plantations.
This includes seed procurement, processing, and dissemination. 

3. Design, layout, and analysis of species and provenance experiments. This involves theassessment and selection of sites and management systems and the planning, design, analysis, and 
reporting of experiments. 

It might be assumed that statistical ANOV within provenances would normally be done by eachparticipating counrry and only summary data, such as the means and variances, would be used innetwork-wide analysis. These data may be extracted and used in statistical analysis of G x Einteraction and in summaries of overall provenance or species performance (Burley and Nikles 1973). 

The effort required to conduct truly cooperative network species or provenance experiments andeffectively pool data should not be underestimated. Network decisions are needed at each step in thisprocess, followed by detailed planning on how to accomplish specific objectives. However, given theability and willingness of scientists and institutions in Asia to conduct effective MPTS research, I amoptimistic about the chances for successful network SET and provenance trials. 

IMPORTANCE OF COORDINATED, PHASED TRIALS 

SET and provenance trials are often deait with sequentially--species are first compared, followedby provenance tests of promising species. Field programs are often based on the initial results of SE-Twithout an adequate understanding of the variation within the species. One likely consequence of thli error is the elimination of a species from further testing because of poor performance by a single 
provenance or seed source. 

Identification and selection of experimental sites must be done on an ecological basis rather than one. The results from trials in the same climatic zone and on similar soils in different 
inational 

countries will likely be more useful in combined analysis than those from ecologically different sites
within the same country. The critical importance in standardizing methods cannot be overemphasized if the results of trials in one country are to be readily interpreted elsewhere.
 

MANAGEMENT TRIALS 

Management trials, which include spacing, intercropping, and lopping or coppicing treatments arecritical to understanding MPTS. A key assumption in vlPTS usage by small farmers is that thle trees
provide 
more than one important product or service. Yet most MPTS experimentation has assessedgrowth rates of trees tinder single-purpose management (e.g., biomass or firewood yields). Studies otwood and fodder yields under different types of lopping or coppice management commonly practiced
by small farmers are virtually nonexistent for most MPTS. As a result, while we know that a species
like Acacia nilotica has more than one important small-farm use, we do not understand how hest to
 
manage the tree for optimal production of more than one product.
 

Various fast-growing trees, such as Acacia mangium, may grow rapidly and are clearly adapted toparticular stress environments, but they may not be truly multipurpose in terms important to smallfarmers. If they are to be truly effective, management trials must be designed to directly address the
questions important in small-farm management. 

Trials might he designed t- combine small-farm management practices, such as lopping for fodderwith species or provenance trials. This would provide a comparison of priority species or provenancesunder multipurpose management regimes. It is highly probable that species x treatment interactionswill be significant (i.e., species will respond differently to management treatments). For example. 
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while the height and diameter growth of Acacia mangium is greater than for Gliricidia sepium whenthe two species are not lopped for fodder, Gliricidia is probably much better suited to lopping andwould most likely be a better MIPTS to recommend for small-farm use. Experiments that compareboth promising species or provenances and important management treatments would be more
complex, but would provide more information in a shorter period of time than a series of species

trials followed by management trials.
 

SETTING GOALS AND OBJECTIVES 

The first step in planning netwnrk tri.z is to se: go~ls adj obje-ctive,. Research goals need to berelevant to important farmer problems, agreeable to network Participants, and attainable. It isimportant that goal setting be done by those who are close enough to field activities to understandthe probems of importance to farmers. Since a large body of relevant forestry and agriculturalresearch already exists in Asia, an effort should be made to identify gaps in the present knowledge otthe priority MPTS. Research goals and objectives can then be established to hell) focus research
efforts on generating data to fill those gaps. 

PLANNING NETWORK EXPERIMENTS 
Once goals have been set, several critical planning decisions must be made to coordinate and plant 

field experiments. 

Defining IDS 

This primarily involves defining data to be collected. Careful thought given to MDS helps avoidmissed opportunities for data collection. General categories of data for the MDS are tree growth and
site assessment variables. 

Most forestry researchers are familiar with tree growth and sut ,ival data. Height, diameter, form,vigor, and survival are all familiar measurements. However, MPTS frequently provide non-woodproducts, such as fodder, green manure, or food. The wood may also be used as firewood for whichthe traditional definitions of form and wood volume to a merchantable top diameter are of littlevalue. THe measurements required for MPTS MDS need to reflect the end uses of the research data 
and uses by the farmers. 

Site assessment data are required to describe selection of experimental sites and to correlateenvironmental factors with tree growth of species or provenances. Greaves and Hughes (1976) cite
climate data that should be collected (in order of priority): 

1. mean annual total rainfall 
2. mean monthly rainfall 
3. mean annual temperature
4. mean monthly relative humidity 
5. mean monthly temperature 
6. mean daily minimum temperature of coldest month 
7. absolute minimum temperature recorded 
S. mean d-ly maximum temperature of hottest month 
9. absolute maximum temperature recorded 

10. mean range of temperature 
11. mean monthly wind speed at 2m above ground level 
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Soils at the site should be described by profile, and data should primarily focus on physicalproperties. Prediction of tree growth has been most successful using soil physical characteristics, such as depth and texture, and not chemical content. 

Experiment Design 

Cooperators will need to select experimental designs that meet their own research objectives, aidcombined analysis of data, and are as simple as possible. To ensure precise and accurate experimentalestimates, network trials should consider the following general components of design (Wright aid 
Andrew 1976): 

* choice of a suitable experimental site 
• adequate replication
 
* 
 control of external influences, blocking 
* randomization 
* simplicity 

Germplasm Collection and Distribution 

A key to understanding the genetic variability and environmental requirements of trees is to testknown germplasm in known environnw-nts. These field plantings will not likely have significant lorigterm value without standard supplies ot ,vell-documented MPTS germplasm.. 

Each F/FRED MPTS network should be based on collection, increase, and distribution ofg.rmplasm. MPTS seed are currently collected and stored by a wide variety of institutions around theworld. Cooperative efforts need to be made with these institutions to evaluate and share collections 
on a broader scale. 

While the F/FRED project has a limited lifespan with no permanent facilities, institutions such asCSIRO, OFI, and CATIE have well-established MPTS seed collections. Thus, it is critical that thenetworks actively seek to cooperate with these and other institutions in identifying, collecting,processing, and disseminating germplasm for network trials. The general steps required to ensureadequate germplasm is available for network trials include: 
that 

o Identification of germplasm resources, including summaries of the quantities, sources, andavailability of MPTS germplasm. This effort has been initiated through several institutions anddirectories of seed sources found in publications on forest-tree seed resources by FAO, CSIRO,and ICRAF. The detailed inventory of germplasm sources could be done through a networksponsored contract with network members to be completed prior to the design of network 
experiments. 

* Design of network trials as discussed above. Only when trials are designed and an estimate otthe seed requirements is made can germplasm collection and distribution be adequately plaMLd. 

* Development of a germplasm collection and distribution action plan, which would provide thebasis for the actual assembling and distribution of seed to network cooperators. This plan riightbe developed by a working group of network participants following completion of the initial 
experimental design process. 

Data Collection and Analysis Methods 

Unless care is taken to establish common data-collection procedures and analysis methods, it willbe very difficult to summarize and analyze data from network trials. Critical tasks to consider includedetermining procedures for collecting, summarizing, analyzing, publishing, and sharing research data. 
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This involves defining responsibilities of cooperating institutions and individuals and defining

standards.
 

Establishment and Maintenance 

Establishment of cooperative trials demands more time, care, and precision than does theestablishment of single-site experiments. For example, in network species trials, seedlings must be grown from the same seedlots whenever possible, using standardized nursery, site preparation, andoutplanting techniques. Planning of such experiments can be a complicated, time-consuming process
that needs to be done carefully to ensure success. 

TYPES OF NETWORK PARTICIPATION 

Intensive Collaborative Trials 

This is the most intensive category of network cooperation in which experiments are carefullyplanned and coordinated for the purpose of model development. The IBSNAT and CATIE fuewoodprojects are examples ot this type of collaboration. Cooperators at this level of effort would need: 

" complete characterization of soil and climate
 
" well-established sites
 
" trained staff for coordination and data measurement
 
" adeouate equipment for climate monitoring and data collection
 
" willingness to conduct trials of common design

" well-controlled, 
common methods and germplasm
 
" extensive MDS
 

A major objective of these trials might be to develop prediction models in cooperation withscientists at CATIE in Latin America and at ICRAF in Africa. 

Cooperative Trials 

This level of participation would be less intensive than that described above, and would involve
trials of common or similar design. Objectives of these experiments might include distribution and
evaluation of common germplasm on a wide variety of sites and the further definition of the range ofsite requirements for each of the priority species. Cooperative trials would be designed for simplicity
and flexibility, and should require limited additional effort for most scientists. Cooperators at this
 
level would need:
 

* basic data for rainfall, temperature, and soil properties* common or similar experiments with few required measurements for network use (e.g., height
and diameter at breast height) 
" common source ofgermplasm 

Network of Existing or Completed Trials 

This effort would be directed at the recovery and sharing of unpublished or raw data. Data couldperhaps be assembled, summarized, printed, and distributed by a working group of F/FREDcooperators. This effort would provide a solid understanding of what already exists and would helpidentify specific gaps that need to be filled by additional research. A serious effort to exz mine andsummarize data from previous or ongoing MPTS trials would be required. 
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SUMMARY 

Research networking is a means of enhancing the generation and use of MIPTS research. Scientistsand research administrators in Asia have identified various research goals that could be attainedthrough SETS, provenance, and management trials. Trials that compare priority species undermultipurpose management are particularly unique, and could provide exciting network researchopportunities. The critical importance of standardized methods cannot be overemphasized. TheF/FRED project can facilitate network trials and the sharing of common methodologies and
experimental results. 

REFERENCES 

Burley, J. and D.G. Nikles, eds. 1973. Tropical provenance and progeny research and international cooperation. Oxford: 
Commonw. For. Inst. 

Burley, J. and P.J. Wood. 1976. A manual on species and provenance research with particular reference to the tropics.
Tropical For. Papers, No. 10.

Burley, J., PJ. Wood, and R. Lines. 1976. A guide to field practice. In A manual on species and provenance research wiihparticular reference to the tropics, eds. J. Burley and P.j. Wood. Tropical For. Papers, No. 10.Greaves, A. and J.F. Hughes. 1976. Site assessment in species and provenance research. In A manual on species andprovenance research with particular reference to the tropics, eds. J. Burley and P.J. Wood Tropical For. Papers, No. 
10. 

MacDicken, KtG., M.R. Dove, J.L. Brewbaker, and W. Hyde. 1986. Multipurpose tree species networks for theForestry/Fuelwood Research and Development Project: recommend tions. Arlington, Virginia: Winrock Internanoil.Plucknett, D.L. and N.J.H. Smith. 1984. Networking in international agricultural research. Sci. 225: 989-993.
Shea, KR. and L.W. Carison. 1985. Increasing productivity of multipurpose tree species: a blueprint for action.Washington, D.C.: USDA Forest Service. 
Wright, H... and I.A. Andrew. 1976. Principles of experimental design. In A manual on species and provenance researchwith particular reference to the tropics, eds. J. Burley and P.J. Wood. Tropical For. Papers, No. 10. 



Regional Opportunities for Networking: The FRIM Experience 

Salleh Mohd. Nor and Chan Hung Tuck 

Director-General and Research Officer, respectively, Forest Research Institute of Malaysia 

Increasingly, it is becoming more critical for scientific researchers to share their learning

experiences. More institutions and scientists are pursuing research, resources available to scientists
 
are limited, problems are becoming more difficult and finding solutions more urgent, advanced

communication systems allow sharing of information and experience, -ind 
 mechanisms are now
 
established to promote and encourage such sharing.
 

IUFRO, one of the oldest scientific institutions (established about 1890), is designed specifically to 
promote sharing of experiences between scientists in the field of forestry. It now comprises 100member countries, some 500 member institutions, and over 15,000 member scientists. A non
governmental organization, IUFRO promotes research collaboration within a loosely-knit family
where scientists are encouraged to contribute and participate through their own resources. 

Notwithstanding the commendable efforts of IUFRO, forestry science has lagged behind theagricultural sciences in international linkages, especially those within the developing countries. The
CGIAR, with its 13 affiliated IARC, has an annual budget of over U.S. $200 million that supports
agricultural research. While the reasons for the proliferation and success of international agriculturalcollaboration can be well understood, there is no reason why forestry scientists should not emulate
 
agriculture in this regard, adapting its models to forestry needs.
 

FACTORS FOR SUCCESS 

While the concept of networking and international collaboration appears straightforward, the pathis full of hazards, especially when the linkage is between countries of different regions with people ofdifferent cultural and religious backgrounds, attitudes, and training. In addition, the linking
institutions might have widely contrasting backgrounds with varying resources. The problem could
further be heightened if the institutions are inflexible with their own programs. 

In discussing networking in international agricultural research, Plucknett and Smith (1984)
identified seven factors for success: 

1.The problem should be clearly defined and a realistic research agenda proposed. 

2. The problem must be widely shared. 

3. There must be strong self-interest. 

4. The participants are willing to commit resources, such as personnel and facilities. 

5.Oitside funding isavailable to develop the network and keep it running for at least the first 
few years. 

6. The participants must be sufficiently trained and experienced to make a contribution. 

7. The network must be guided by strong and efficient leaders who have the confidence of the 
participants. 

33 
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In addition to these important factors, institutions aspiring to participate in networking shouldalso have flexible research programs to accommodate the needs of the network, whose goals might
not always coincide exactly with their own programs or priorities. 

FRIM'S EXPERIENCE 

The Forest Research Institute, Kepong, established in 1929 as adivision of the Forestry

Department Peninsular Malaysia, was in 1985 transformed into FRIM, an autonomous statutory

body. Whilc the physiai facilities of FRIM can be considered adequate, the scientific human
 
resources are fairly limited. Nevertheless, FRIM has benefited from participating in numerous

international programs through networking arrangements. Descriptions of some of these programs 
are cited below. 

ASEAN 

Formed in 1967, ASEAN promotes economic, social, cultural, scientific, technical, and
administrative collaboration between member nations, which comprise Brunei, Darussalam,
Indonesia, Malaysia, Philippines, Thailand, and Singapore. Collectively, these countries cover aland
 
area of 3.1 million kM2
 , a forest area of 160 million hectares (51%), and contain apopulation of 282
 
million.
 

ASEAN-Australia Cooperative Program 

The ASEAN-Australia Cooperative Program on Living Coastal Resources with Emphasis on
Mangrove and Coral Reef Ecosystems was initiated in 1985 with aseries of workshops at AIMS. Atotal of about Australia $3million was funded by the ADAB to create an awareness of the ecological
importance of shallow-water coastal ecosystems. The objcctives of the program are to generate

quantitative, management-relevant basdline information on community structure and 
 distribution of
recognized resources within mangrove, coral, and nearshore soft-bottom ecosystems; to generate data on carbon, energy, and nutrient budgets of these ecosystems with particular emphasis on intersystems
dependence in the coastal environment; and to develop scientific and technical expertise within tile
ASEAN region to ensure long-term capability in acquiring management-relevant baseline 
information and applying it to the development of coastal-zone management policies. 

ASEAN-Canada Forest Tree Seed Centre 

The proposal to establish an ASEAN Forest Tree Seed Centre was first introduced at the thirdmeeting of ASEAN forestry experts held in Manila October 13-14, 1977. Canada agreed to financethe project during the second ASEAN dialogue held in Ottawa October 31-November 1,1977. The
memorandum of understanding between Canada and Thailand (on behalf of ASEAN) was signed inOttawa on May 1,1981. With a contribution of Canada $1.5 million, the Centre was established in
Mauk-Lek, Thailand and completed in September 1982. The Centre provides training in seed
research, develops forest tree seed production areas in ASEAN countries by providing an adequatesupply of quality seeds of selected species used in afforestation and reforestation, and strengthens
technical competence in nursery and forest plantation research and development in each of the 
ASEAN countries. 
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Phase I of the project ended September 1985. Pending an agreement for Phase II, Canada

provided an additional Canada $300,000 for the interim phase through December 1985 and has
 
agreed to a one-year extension. 

ASEAN-New Zealand Afforestation Project 

ANZAP began in November 1979 with a contribution of New Zealand $2.6 million. The project 
was located in an area of about 10,000 hectares of low but steep hill country in the Tarlac Province of
the Philippines. The two principal objectives of the project are to 1) establish a forest nursery and
pilot plantation to demonstrate effective afforestation measures on a site with characteristics similar 
to others requiring afforestation in other ASEAN countries, using techniques adapted from New 
Zealand and ASEAN countries and 2) to use the pilot plantation for practical on-the-job training for
foresters from ASEAN countries. A three-year second phase began in October 1984 with a budget

allocation of New Zealand $1.4 million.
 

ASEAN-Australia Forest Tree Improvement Program 

AAFTIP, a proposed three-year program, will be located in Thailand. It aims to assist in the
exchange and use of tree improvement information, methodology, expertise, and germplasm within
the ASEAN region and to identify and overcome constraints to progress in tree improvement 
programs of ASEAN countries through appropriate training and inputs from experts. It is envisaged
that the program will require funding of about Australia $2.4 million. 

The proposed program would be implemented th ough a series of identified projects of national

and regional significance. A collaborative working group would be formed to review the progress of
 
the projec.s and to assist communication between tree breeders in the region. The nine projects
 
identified zre:
 

1.breeding improved Eucalyptus 
2. breeding improved Acacias 
3. breeding improved Tectona 
4. management for production of improved seeds 
5. breeding and propagation of i,aproved Gmelina arborea 
6. breeding improved Albizzia falcataria 
7. species and provenance introduction 
8. applied research on reproductive biology 
9. conservation of indigenous forest gene resources 

ASEAN-U.S. Watershed Project 

This project was approved for implementation in January 1984, with USAID funding of U.S.
$500,000 per year for five years. The project headquarters, based in Los Banos, Pilippines, has the 
following functions: 

* to collect, collate, and disseminate research knowledge and information relevant to the
 
ASEAN watershed:
 

* to collaborate with national watershed institutions and researche:s in the identification,
design, and implementation of priority watershed conservation and management research
 
programs;
 

* to develop and organize specific watershed conservation and management training programs
for mid-level scientists and technicians; and 

0 to prepare, promote, and disseminate watershed conservation and management guidelines
useful to management and extension personnel. 
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The center operates through technical advice provided by the ASEAN-COFAF Coor';nating

Group on Forestry and guidance from a program steering committee.
 

AITC 

This project is intended to strengthen applied research, training, and technical information services
available to the timber-processing industry in the ASEAN region. The ASEAN Timber Technology
Centre, established in Kuala Lumpur, serves the timber-processing industry in the region byproviding technical assistance to research and training institutes and timber-processing and trade 
associations and by disseminating training and information materials at the regional level. A regional
research program is also being formulated to promote better use of timber and timber industry 
development. 

The project cost has been estimated at about $13 million ECU. The Malaysian Government, as the
host country, will contribute in-kind inputs of $2.4 million ECU. The project, which began in March
1985, has a five-year duration. ATTC implementation is guided by a project steering committee 
appointed by COFAF. Collaboration with FRIM has not yet begun. 

ASEAN Institute ot Forest Management 

The memorandum of understanding for this five-year project was signed in February 1985. Steps

are currently being taken to establish the Institute in Kuala Lumpur. Canada will provide exp.rt

services, equipment, training, ane' other inputs with a total value of Canada $7.3 million. Malaysia

(through its Forestry Departmeit) will provide infrastructure and other facilities with a value of
 
Canada $0.95 million, as well z s 18 professional, technical, and support staff and related operating

costs totalling Canada $1.25 million. The Institute is aimed at providing training to foresters in the
 
ASEAN region in the use of forest DBMS, inventory methods and procedures, and forest
 
management planning systems. Collaboration with FRIM has yet to be initiated.
 

UNESCO/UNDP PROGRAMS 

Regional Research and Training 

The Regional Research and Training Program on Mangrove Ecosystems in Asia and the Pacific was started in September 1982 with UNDP funding of U.S. $1.2 million. It aims at training scientists,
technicians, and regional managers in understanding the nature and functioning of mangrove
ecosystems and in formulating appropriate managerial guidelines. In addition, the program is 
developing a regional network between institutions and countries. NATMANCOMS formed in the
participating countries and the RTF, comprised of national project leaders of chairmen of the various 
NATMANCOMS, assist the CTA, appointed by UNESCO, in coordinating and implementing 
program activities. A total of 11 countries participated in the program. 

Phase II of the above program will begin in January 1987 and will have a duration of five years. It
will be expanded geographically to include Japan, China, New Zealand, Fiji, Truk, Burma, and
Vietnam. The scope of Phase D will be broadened to include other coastal ecosystems, such as 
seagrasses, seaweeds, coral reefs, estuaries, and nearshore waters. 
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Demographic Study on Lowland Dipterocarp Forest 

This study, being carried out in Pasoh, Malaysia under UNESCO's MAB program, is acollaborative research effort among FRIM, Harvard University's Arnold Arboretum, and the

University of Iowa. It was initiated in June 1985. Data on the population structure and spatial
patterns of distribution of all woody plants of Icm diameter at breast height and above is being
collected in a 50-hectare plot at the Pasoh Forest Reserve in Negri Sembilan. The long-term goal isto assess the plot at regular intervals and to record directly the patterns of recruitment, growth, and
mortality of trees in relation to gaps and microsites to understand the silvicultural requirements of 
commercial species. 

Ecological Effects of Human Activities on Forest Ecosystems 

The MAB Program on Ecological Effects of Increased Human Activities on Tropical and
Subtropical Forest Ecosystems has as its framework the comparison of dynamics of natural forest
ecosystems with adjacent manipulated and replacement systems. It isaimed at elucidating keyprocesses that accompany changes, which in turn determine future yield and stability. In a given fieldproject, study areas might range from natural forests to diverse forest exploitation and managementpractices, to plantations. Funded by UNESCO, the research projects under the program are carriedout by the various national MAB committees. The research projects range from intensive studies onthe sociological and environmental impacts of agricultural settlements and rainforest manipulation inla pilot study in East Kalimantan, Indonesia to small, specialized studies on the structure and nutrientcycling in tropical foresis in Malaysia, to extensive integrated studies on forest ecology arid watershed 
management in Thailand and the Philippines. 

IDRC PROGRAMS 

RIC 

Following an agreement by IDRC to finance the project for the first three years, RIC was
established at FRIM in March 1982. The functions of the Centre are to 1)develop a comprehensive
collection of rattan literature, 2) 3et up a document storage and retrieval system, 3) publish acomprehensive annotated bibliography on rattan, 4) translate articles upon request, 5) prepare andpublish state-of-the-art reports on special topics, 6) perform specific searches upon request, 7) makecopies of documents available for dissemination to those interested, 8) compile a directory of ongoingresearch projects, and 9) issue a quarterly news bulletin and occasional papers on rattan. 

REM IN 

The need for a REMIN in the Asia-Pacific region was proposed during the Asian RegionalWorkshop on Mangrove Information held in Manila April 30-May 2. 1984. A formal project propos;awas prepared by the Philippine NATMIANCOI by workshop delegates. The [DRC agreed to providC
financial assistance to support REMIN in developing its operational structure during the first three 
years. 

The project includes establishment of a REMIC that will institutionalize, develop, and implementa mangrove information system. the Centre will screen, select, analyze, and store mangrove
information in a central library, which will be made available to users in the format suited to theirindividual requirernents. The project also seeks to strengthen the national mangrove informationsystems in each of the participating countries so that they can function as sources of local intormatiomand recipients of services available at REMIC. In addition, REMIC will update the mangrove
bibliography and prepare a regional newsletter, state-of-the-art reports, and a director-y of mangrove
experts in the region. 
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ROYAL SOCIETY (U.K.) 

Southeast Asia Rainforest Research Program 

This collaborative program began in 1984 with the signing of a memorandum of understanding
between the Danum Valley Management Committee (chaired by the Sabah Forest Department) andthe Royal Society. The program allows for brief reconnaissance and research visits by Britishparticipants to Southeast Asia and by Southeast Asiar. collaborators to Britain. 

The program's broad research theme is the recovery of tropical forests following disturbance. Theprimary aim is to understand the influence of created gaps of various sizes and kinds on hydrologicalparameters, soil processes, fauna and flora, plant successional processes of these gaps, and on animal
plant interactions vital for forest regrowth. 

The Danum Valley Conservation Area, which covers about 438 km of lowland rainforests, hasbeen selected as the study site. A field study center was established in June 1985. The Royal Society
has agreed to provide a grant equivalent to U.S. $15,000 per year for three years to assist with
operational costs and has also offered to equip the field laboratory. 

IISAID 

F/FRED Project 

This collaborative project, one of the first outside the U.N. system addressing itself specifically toregionwide research collaboration, is designed to meet the basic needs of developing countries for

fuelwood and other tree products through enhancing forestry/fuelwood research and research
capabilities. It functions to 1)improve formulation, planning, and management of forestry/fuelwood

and agroforestry research; 2) support and develop networks of scientists and institutions in lessdeveloped countries to focus on the assessment, improvement, and management of fuelwood/MPTS;
and 3) enable less developed countries to address their forestry/fuelwood needs through moreeffective use of forestry and agriculture-related research information. USAID is providing funds of
U.S. $40 million over 10 years for implementation in Asia, Africa, and Latin America. The first phase
is being carried out in Asia. 

F/FRED's three components are research planning and management, network development
research, and global research support. Research areas identified include multipurpose/fuelwood treeselection and improvement, biotechnology, environmental models, socio-economic methods and 
tools, and socio-economic research. 

The contract for implementing Phase I was awarded to the Winrock International Institute forAgricultural Development. USAID funding is about U.S. $9 million for five years. The field staff
headquarters is based at Kasetsart University in Bangkok, Thailand. 

ITTO 

The ITTO, which governs the ITTA, has its headquarters in Yokohama, Japan. ITTA currently
has 41 producer and consumer members. Its objectives are as follows: 

* provide an effective framework for cooperation and consultation between tropical timberproducing and consuming members with regard to all relevant aspects of the tropical timber
 
economy;
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* promote the expansion and diversification of international trade in tropical timber and theimprovement of structural conditions in the tropical timber market by considering the long-termincrease in consumption and continuity of supplies, prices remunerative to producers and
equitable for consumers, and intproving market access; 

* promote and support research and development to improve forest management and wood 
utilization; 

e improve market intelligence to ensure greater transparency in the international tropicai timber 
market; 

D encourage increased and further processing of tropical timber in producing member countries
to promote their industrialization and thereby increase their export earnings; 

o encourage members to support and develop industrial tropical timber reforestation and forest 
management activities; 

" improve marketing and distribution of tropical timber exports of producing members; and 

" encourage the development of national policies aimed at sustainable use and conservation oftropical forests and their genetic resources and at maintaining the ecological balance in tile 
regions concerned. 

As thi, organization has recently beer) established, collaboration has not yet been initiated. 

TROPENBOS 

Tropenbos is the program launched by the Netherlands to create an international framework forconservation and development of tropical forests. It has been designed as a network of research sitesthat can act as crystallization points and growth centers for expansion. Tile program is directedtoward providing efficient answers to practical problems. It has identified locations in Brazil. IvorvCoast, Colombia, Gabon, and Indonesia. The Netherlands Guvernment has provided U.S. $4 millionfor the period 1986-1989, and Tropenbos hopes to obtain additional financial support. FRIM ispreparing a proposal for consideration by Tropenbos. 

IUFRO 

FRIM participates in various IUFRO activities, particularly the Tropical Forest SilvicultureSubject Group and other working groups relevant to FRIM's research program. FlR :1 activelyparticipated in IUFRO's program for dcveloping countries (SPDC). In its last congress in Ljubljana.Yugoslavia (September 7-21, 1986), IUFRO endorsed tile establishment of an INCOFORE asanother step in assisting forestry research in developing countries. INCOFORE hopes to strengthennational forestry research and extension capabilities, encourage high-quality research on importantand timely problems, accumulate and interpret existing forestry research information, and deliver theinformation to primary users (Buckman 1986). FRIM hopes to maintain contacts within IUFRO and 
to participate in INCOFORE activities. 
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BENEFITS AND DRAWBACKS 

The extent of FRIM's involvement in the above programs varies. Within the ASEAN program,
FRIM plays a minimal role while in some UNESCO/UNDP and IDRC programs it serves as a leader.
Nevertheless, FRIM must provide funds and resources, particularly manpower, to participate in these 
progi ams. 

FRIM has reaped definite benefits from involvement in these international programs. Directly,

there has been an inflow of small sums to supplement or complement its own resources. The main
 
advantage of such funds is that they are not governed by the usual cumbersome, internal fiscal
 
regulations, which helps purchasing and out-of-budget expenditures. Another benefit has been the
 
increasing number of short-term, specialized training courses, which offer research staff the
 
opportunity to travel overseas and which can be used to reward performance. FRIM's staff has also

been able to develop outside links with senior scientists working in common research fields. Such
 
links are especially important with younger and less experienced staff.
 

To collaborate fully, FRIM has to sacrifice time and human resources. Often, this happens at the 
expense of its own programs and activities. While some programs need little administrative support,
others require close monitoring and frequent reporting, especially when financial support is involved. 

CONCLUSION 

In general, most of the cooperative forestry research programs in the ASEAN region have clearly
defined objectives and well-documented and easily interpreted project management and 
implementation plans. Often, each project has its respective project steering committee to guide the
host countries in implementing identified and planned tasks and activities. Close cooperation and
collaboration between researchers and institutions involved are essential to ensure sharing of 
research information, approaches, and methodologies, as well as effective use of available technical 
and financial resources. The establishment of an effective network of project managers, planners,
scientists, and appropriate institutions is therefore important. Finally, active participation and
commitment of time and effort by respective member countries and organizations, whether national 
or international, are required to produce the expected outputs and to meet the goals of the various 
programs. 
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Survey Methods to Determine Research Priorities: A Thai Case Study 
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Associate Professor, Kasetsart University Faculty of Forestry, Bangkok, Thailand 

The depletion of forest resources in Thailand, as in most tropical developing countries, has beencaused primarily by the continuous misuse and mismanagement of forest area. The over-exploitationand shifting cultivation practices of forest resources are closely linked 41ith agricultural development
and land encroachment. 

The annual depletion rate of forest resources in Thlailand decreased from 9.9% during 1963-1973(Wacharakitti et al. 1973) to the present rate of 3.2% or 0.5 million hectares. Between 1961 and 1982,the forest area diminished from 27.36 million hectares to 15.66 million hectares. The environmentaland socio-economic evaluation of the deforestation was previously reported by Bhumibharnion(1986). In the natural resource profile of Thailand, deforestation issues and possible ways to resolvethem were also outlined by TDRI (1986). However, the existing forest areas are scattered throughoutthe country. Presently, there are 10 provinces (mostly in the central plain) where the forest area waslong ago converted to farming. The stand density of the remaining forest varies according to foresttypes. Highest and lowest stand density are found in pine forest (46.71 m3/hectare) and drydipterocarp forest (5. 6 0 -19 9 1m3/hectare), respectively. However, the stand density in all forest types 
.
 

has decreased by 10.31-56.45%. In 1978, the total growing stock in Thailand 
was about 185 millionm3. The decreasing trend of stand density has greatly limited the allowable cut from 3.1 million m3 in1979 to 1.8 million m3 in 1983. This allowable cut could provide only 10% of the annual need. Theother 90% of the country's wood consumption was mainly from illegally smuggled wood. 

There is no indication that the present forestry situation can be improved unless tree planting inits different forms is conducted continuously and effectively. As for securing wood supply for theneeds of the industrial sectors, Thailand cannot avoid importing wood from its neighboring countries.The over-exploitation of forest resources has also limited people's ability to gather minor forestproducts for food and additional income as they once did (Mungkorndin 1981). It is thought thatadditional farmer income from illegal cuttings and from gathering minor forest products has
decreased (Panpiamrat 1984). 

CURRENT ATTITUDES 

The attitudes of different social groups on forest resources have been surveyed (Bhumibhamon1983). Senior forest administrators or directors reviewed factors affecting forest resources, includinglack of forest policy, poor cooperation among government institutions, and the possibility of localofficers and politicians benefiting from illegal cutting and land encroachment. However, senior forestofficers reconmended conserving more forest area and strict control of illegal cuttigO in the natural
forest to prevent social problems. Moreover, they recommended forest extension 
as the means tosolve the problem and encouraged the setting up of more training programs on nature conservation 
for both adults and young people. 

The survey was also conducted for regional and provincial forest officers who identified similarfactors on depleting forest resources (Bhumibhamon and Atipunampai 1983) Moreover, theyindicated other actions that also disturb forest resources, including wood-carving promotion, illegaltree telling for fuelwood and charcoal burning, as well as dam construction. This administrative groupemphasized the need to promote and control tree farming. It also recommended alternative extra

41
 

http:10.31-56.45


42 MPTS NETWORKING 

income sources for farmers, such as apiculture, growing other agricultural crops, and establishing
Bambusa plantations or livestock farms. In managing forest resources, they suggested the necessity of
establishing community forests, particularly in the form of agroforestry. 

Bhumibhamon, Vajirajutipong, and Viriyaratanaporn (1984) interviewed 50 village chiefs in
northern provinces who live close to forest areas. The chiefs mentioned that most forest destruction was caused by shifting cultivation, followed by direct or indirect action by tobacco kiln owners and 
some local officers. To earn extra income, village chiefs indicated that people within their domains
had to cut down trees mainly to build and repair their homes and for fuelwood. They also collected 
medicinal plants and other minor forest products. 

Results of a survey carried out in 50 villages in northern Thailand showed the need for forest 
cover in the watershed areas (Blhumibhamon et al. 1983). Listed were groups of people similar to
those indicated by the chiefs who were involved in forest destruction. To prevent this problem,

villagers recommended conserving part of the forest areas but allowing exploitation of a certain

portion. They claimed that natural regeneration would compensate for forest exploitation.

Nevertheless, farmers needed more land.
 

Based on the above attitudes on forest resources, different social groups pointed out that lack offorest policy allows various active groups to misuse natural resources. Common forest property still
requires further evaluation before management recommendations can be made. 

FOREST POLICY VERSUS FOREST RESOURCES 

The major causes of deforestation in Thailand include shifting cultivation practices, illegal cuttingand processing, infrastructure development, settlement, and natural disasters. State and private
companies, private entrepreneurs, and peasants are directly engaged in the deforestation process.
Politicians, traders, cash crop promoters, and tourist promoters are indirectly involved. Forest
destruction has had serious ecological (climate, soil condition, soil erosion, water balance, salinity),
economic, and social effects (B1humibhamon 1986). To overcome these problems, many social groups
have emphasized the need for drafting forest policy. A draft forest policy document was laterpresented for criticism. Based on public opinion, the completed draft was accepted by the Cabinet in 
December 1985. 

To protect against further genetic erosion of tile natural forest, national forest policy indicates theneed to preserve 15% of the total area as conserved forest, including that on steep-sloping areas. 
current policy indicates the need for an action plan to solve the existing problem of shifting 

Fhe 

cultivation and forest fire. It calls for serious control of tree conservation forest and development of an additional 25% of land area into economic forest for sustainable exploitation. (The economic
forest is meant to provide wood to meet the needs of all industrial wood-using sectors as well asfuelwood needs.) It was additionally recommended to use the selection system or clear-cut system
wherever applicable. If the clear-cut system is used, immediate replanting of the area is 
recommended. 

Land-use zoning is needed because land use does not meet with land capability, and forest landhas been continuously converted into agricultural land. The policy claims to identify and control city,
expansion as well as the exp;tnsion of agricultural land 'ito forest area, tile remaining area being
converted into green area. To secure needed land for settlements, it calls for more cooperation. 

The policy pointed out that application of scientific knowledge and technical know-how to increasecash-crop production could indirectly prevent further shifting cultivation activities. Reducing
constraints to land use requires emphasis on the relationships between forest and other resources,
including land, water, minerals, and wildlife. 
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The interrelationship of resources allowed the government to organize the National Forest PolicyCommittee to draw up policy, control, and administration of forest resources. Improving the forestlaw that prevents possible forest development is also needed. A, the same time, the policy indicatesthe need to develop education-related social groups through forest extension programs. 

To secure the wood required by all social groups, forest policy emphasizes the need for incentivesfor people who would establish tree farming or fuelwood plantations on any possible sites. The policyalso recommends forming an integrated wood-industry network and searching for other materialssuitable as substitute wood products. 

NEED FOR A REFORESTATION PROGRAM 

Regarding experimental trials, the first plantation was established in 1906. Tectona was planted inassociation with upland rice in the so-called fcrm of agroforestry. To date, the RFD has successivelyestablished man-made plantations, with a tota: planting area of 0.3 million hectares. The FIO hasthree main types of planting programs--i.e., based on the FIO budget, by concession fee o FIG, andby provincial forest company budget. FIO has 35 plantation units, with an annual planting area of5,600 hectares. The total planted area of FIO was 50,176 hectares in 1982. The Thai PlywoodCompany, a state-owned enterprise, has planted about 2,700 hectares in five plantation units. Thereare also other forms of tree planting created by other government organizations (see Table 1). 
Tlab~le 1. Tree pl,ntimg h% Tht ,menrnment igcticic,,ilhnmt.h 1983 

Type ol trce planting ha) 

Year 
-1978 

Indu,;rial 
planhatiao 
99.083.52 

Environmental 
plantation 
13.312.80 

Replanting in 
poor conserved 

forest 
29.976. I 

Planting 
hy using 

concession ece 
30.980.0o 

1979 

1981) 

1981 

1982 

1983 

22.543 52 

8.795.68 

15.153 W 

9.004 80 

8.975.20 

11.855 2(1 

12.880.00 

1.81 8. 0) 

5.0,(XH) 

5.600.W 

14.447.04 

15.833.60 

14.541.44 

4.896.00 

4.816.0)0 

13.393 92 

13.887 14 

I .216.81 

12.883 6S 

12.862.72 

Due to the shortage of fuelwood and wood supply for industry, farmers can expect to earn more Iw
actively planting tree species on any available land. 

CHOICE OF TREE SPECIES 

Generally, the trees selected for planting should be based on native species grown in various partsof the country (Table 2). Evaluation of existing plantations revealed that the num .r of native andexotic trees planted was 88 species (Table 3). Types of tree planting were also indicated, includingthose planted for multiple uses. However, many of these tree species have been rejected due to dlo"\growth, poor form, or susceptibility to biotic injury 

In exceptional cases, trees have been selected for planting because of easy and cheap seedcollection, and in some cases, good 9.-owth. The question of how to use the end product efftectr.el,, still remains unsolved. It was also found during the course of study, with the exception of Tecona.Eucalyptus, and Pinus, that most tree species have been planted on a ';mall scale and scattered overthe planted areas. This has limited the possibiliry oi managing the plantations for industrial purpose. 

http:efftectr.el


44 

Table 2. Highly commercial 

Species 

Afzelm tYlociarpa 

AIIa(tdths fimiveliano 

Chukrasia velina 

Dalbertia cochminchiiensis 

D cultrara 

D. dontwcti.%. 

D viwnen.%i.% 


Dipnerocapn.s 

Fagraea f]vt..rn.s 


Hopea sp. 


lt umibakeri 

MNanlietia, qn'rettii 

Ale ,a l'rreu 

MNlhelia sp. 

Milletia 1'm hIIII/111 

Piiskesi va 

P inerktsi 

Shorvae curtivit 

S. henrvana 

S. ,b'htsi 

S. pan'filia 

S. sianiensis 

Sindon ( oriact, 

Tecton .,rlndis 

,ct'ospe'mulnn inwe rineditm 

C = central 
E = cast 
N = north 
NE = northeast 
S = south 
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tree species from natural forests in Thailand. 

Regions 

N. E,NE. C 

N. E. C. S 

N. C. S 

E. NE. C. S 

N. NE, C. S 

N
 

N. NE, C. S 

N, E. NE. C. S 

N. E. NE. S 

N. NE. C 

E. S 

N 

N. E. NE. C. S 

N, E. NE. C. S 

N. C. S 

N. NE. C 

N. NE. C 

S 

E. C. S 

N. E. NE. C 

S 

N. NE. C 

S 

N. E. NE. C. S 

E. NE. S 
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Table 3. Trees -,elected tor plontin-g in Thailand. 

Species 

Acacia tiuriciiftybrini 

.4. carec/oi 

.1. mian~'ilf 


.-I Vii tl i 


.tdiia cor/i/fiia 

A1'ft hakeri. 

+1. ilocarrpo 

.1.fPr(ctri 


A4.leh/'ik 

-IIitrih'. motmu 

.1i.tom otjrI/t
(tOii 

AIaIardiaott01d,111i/l, 


'.1du111wp/111lit'sthitu0,Nti 


-airhra, ilt/ha 

Banibo.Na iiruniiitvat 


Bioi/zj1oa "p. 
Bofln/1(Li inisl ,liet 

Bru ivntia Puipri/i'rti 
Bitt'a mootmprioa 


Catiophv/Iooi 111opifltiti1 


(tiluiropis 4'itiiiti 


('ti.vla Jiciulti 


C iaia 


C~jili'V11i1/o1ii i 
Cei oth/itri,'ht o 


('uh na ledc'narui 


C'ttrpiu ithrzt iilira 

Cot%/cleolum /(i/iI co/Iitit,, 

Dalbe'rv'a tot/I tt Ipit ,1101iA 

De'hoint rtc'ii 

Iiipt'roaipti aloatit 

. turhiinti. 

E. dh'c'/ipta 

L., !iroitapi 

L. i//ia 
Fa t'na fra 'tt III 

Glinia/)epiitii 

Gpr it/1ia(1-oboI 

E=exatic 
N = nail %r 

Form ot'plantinge 

Type 
Industrial 
plantation 

Farm 
wood-lots 

Environmental 
plantation NIPTS Other 

E 
N* 
E 
N 
N 

N 
N 

N 
N* 
N 

* 

N 

E 
N 
N 

N 
N 
N* 

N 

N* 
N 
N 

N 
N 

E * 

N 

E 
N 
N 
N 

E 
N 

A 

E 

E 

E 
N 

N 

N 

http:Banibo.Na
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Table 3. Continued. 

Species 

Hontaliumo caunrnginum~, 
Hapea mdor-ata 
4%lvdnoiarpu. amndunnca 

hitia, baker, 

Irvingt'a Inalm'pino, 

Jacartittla filiajalia 


i riema ca1 zulcua 
L. 'nacrfl)arpa 
L. t 'macnto n 

Liinna 'rtamli., 


Ltwienit letit ',ephlala 


Lirtea 'radiv 


Ala til- u11uhu, 


Aftla/hio ti io thlemol' 


Mel/ia ,cama, I, 

MmaI,.o,~'m 

Alti/fin lorrm.LI' no, 

Parashorea .ti'li 

Fark-ta .t/w'io~ a 


Pclump/i 'om imitimne 


Pimo.(ariliava 

P ke.jva 

P au'rkmmi 

P 01)"(17)( 

Picrmcarpu.L indo o. 

P maaerocarjum 


Rhi: -phmra ,p. 

Samamu'a Sanam1 

Stimlori, am, ailinon 


Semmcarpos (ura a 


Sesinmna 'ramilir'a 

S/portea nilura 

Sine/ura siamnp,o 


Stercumeo/iatt'e',/ 

So ciemaa f
pa11oin p /,
 

rahbbaa pcmeta/pv/l, 


7Tzmarpmto/ itl/a 


he(tlft''Iepi'afli 

fl,,itmiiloi ('11(1111J)a 

Tetrmc,,N maolifl'', 
Ihlmalja /0u'Iom m 

.\\lj/ crn 

Ztdlin, erwd',p~p. 

E ~exotic 
N =nativc 

Form ot'planting 

Industrial Farm Environmecntal 
Type plantation wood-lots p~afltatiofl NMPTS Other 

N* 
N 
N 
N 
N 
E 
N 
N 
N* 

N 
E 

N 

N 
N 
N 
N 
N 
N 
N 4 

N 
E 
N 
N* 

E* 
E * 

N * 

N 
E* 4 

N 
N* 

N 
N 

N 

N 
E 

E 

N 
N 
N 

N 
N 

N 

N 
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Table 4. Species -,eleted by 24 reg'ional 

Species 

Eutcalvptus cama/uIosis 


Tc'ctona grandisv 


Acacia aitriculaijoii 


Leucac',ic k'ucoccphc /l 


Gmpe/inuc cirhor'c 


Pierocarpus miacrocurp4V 


Mel/ia cczc'carccch 


Pcltophccrciu iicim h. 


AIncca rc/jiin oc (c/del till 


.Atc ici Caicli 


Azw:cirachit ici 


Xv/icc kc'rrii 


.4]cc'/ia xvhkcarpci 


Rhiz-.cplccrci sp. 


Cacicizrnci c'iistiIfii 


Dipti-rocaio cilgilics 


Pcirkic, javlcai 


Bonchccx sp.2 

Ilpc'iu c/urichlll4 

.Sccic te'fia ilcroiva 

Pinus kcecivac 

C/iukrcimcc cc'lticc 

Parkuicpciacd 

Cassica cv'rreuticinci 

Faicradii Jtrc' 1aa 

DrgLiict c. /.i/ic/ricc 

Certo. sp. 

Allia p/ni erci 

.Spncic/iav uini 

Pichece'I/cchi,, doI/ce 

Sincicra vimanuc, 

NMcnitYc/erc infc/ic 

PjAiii.c riiv 

iltici mec/cribcnc
 

ccic'lpu
imba.u' 

Dc/c '1i11i ciciNu 

=~hY 

forest offices in Thailand, 

Rank 

17 

15 
15 

12 

I I
 
10
 

8
 

6
 
5
 

5
 

5
 
4 

4 

3
 
3
 
3
 

3 

Iic/ 
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As the number of trees selected for planting was relatively high, questionnaires were sent to 24 
regional forest offices for the purpose of listing the 10 most favored species for plantation
establishment (see Table 4). A study was also conducted on the tree species selected for research by
81 foresters and scientists directly or indirectly responsible for tree planting (see Table 5). 

Table 5. Top 10 species selected for research by 8! forestcrs/scieniists. 

Rank 

Species Present 1986-91 

Etcalypts caniahl/uhnsis 48 37Tectona grandis 32 20Acacia auriculatlirmis 32 24! eit'catna letcoctp/ala 27
Mehlia azi /arach- 10 

27 20Pinus kesiva 18,4-atfirachhaindlic', 15 1811 
Baniusa 14 TDipferocarpu aulat. 14 29,cac'ia mana , iUfil 13 16 

Based on Tables 4 and 5, there is a similarity in choice of tree species by those who work in
theoretical and practical fields. However, foresters and related scientists still wish to maintain trees of
interest. Eucalyptus camaldutlensis was the major selected tree species. Surprisingly, 29 researchers 
selected Acacia inangium as a promising species for the next five years. 

MV1PTS 

The Asian regional workshop, Increasing the Productivity of Multipurpose Tree Species, held in

Kandy, Sri Lanka in 1984, recommended a list of priority species for moist/wet, arid/semi-arid, and

mountainous zones. Of the 10 species networks proposed, the following are of interest to Thailand:
Acacia, Bambusa, Albizia, Leucaena, Eucalyptus. Azadirachta, and Melia. As reviewed by 81 Thai
scientsts, the Acacia species network received highest priority, followed by Eutcalvptus,Azadirachta,
Melia, Banibusa,A lbiLia, and Leucaena. 

PLANTATION ESTABLISHNIENT PROBLEMS 

Land Availability 

Land availability for large-scale tree planting is limited because of land encroachment. Foresters
responsible for tree planting must confront the rural poor, who.need more land for growing cash 
crops and staple foods. There are still 0.5 million landless families and another I million families thair 
rent land for growing farm products. There are also indications that trees are being cut by the rural 
poor in the conserved forest and plantation areas to clear land for growing cash crops to meet basic 
needs. 

Regional forest officers indicated that villagers in some areas still prefer growing fruit or rubber 
trees to growing economical or fast-growing trees. Moreover, the available land for tree planting is 
infertile and involves severe environmental or political problems. 

Tlhe provincial forest companies established plantations, using the logging concession fees.
However, these companies are still faced with the problems of land availability for their annual 
planting programs. 



49 
RESEARCH PRIORITIES: THAI CASE STUDY 

The Sixth National Economic and Social Development Plan recommends leasing larger areas ofpoorly-producing forest land to tree farmers. The plan also recommends growing trees on any
available land, particularly on 
the edges of farm area and in backyards. The planting of trees toimprove poor soil, good site preparation by tractors, and the application of nitrogen fixing trees, aswell as compost and chemical fertilizer, are the main tasks to be carried out to solve land problems. 

Budget 

It was found that the budget for tree planting was generally inadequate, as claimed by mostregional forest officers. The annual planting budget provided by the government issometimesirregular and often prevents good planning. The bureaucratic system also affects proper managementof existing plantations. Researchers characterized the budget supporting research and developmentprograms as relatively small. They strongly recommended that donors support practical research 
programs. 

Provincial forest companies mentioned that they had no budgeting problems. When land is not
available for planting, they deposit in a bank the concession fee for tree planting.
 

Tree farmers asked the responsible agencies to ev.se the planting program by providing them withincentives, particularly soft loans. The rural poor require free seedlings and often inquire about price
guarantees and the marketing of end products. 

Seed Used 

Since species selection is not taken into serious consideration, seeds used have been collected fromunclassified seed sources. Some regional forest officers claimed to have no problems in seed used, butthe evaluation was based mainly on quantity rather than quality. Some did have problems ofrecalcitrant seed and did not preserve genetic material in the form of seedlings. Buying seed formother agencies maintains the confusion about seed quality. 

Based on a survey of the existent problems z~t44 nursery centers, results showed that seed used
 was collected primarily from unclassified seed sources.
 

Sixteen provincial forest companies obtaincd seed by buying from forest agencies (38.10%), the
private sector (23.81%), by direct collection (33.35%), and by importing from foreign seed companies
(4.76%). Researchers recommended mass seection and collection of see( 
 wi qualified seed
 
sources. Knowledge on seed proc.essing and storage is needed.
 

Seedlings are usually grown in plastic bags, preferably made of black polyethylene. Seedlingcontainers are now being introduced into the market so that cheap and healthy seedlings can beproduced. The soi! medium varies according to the availability of materials at the nursery sites. Sand,forest topsoil, ash, burnt rice husks, and rice straw are commonly used. Further research on seedlings
and cuttings is sorely needed. 

Management of Planting Area 

Lack of machinery prevents foresters from better managing planting areas. This is common tomost state-owned plantations. Limited budgets also constrain proper management programs because,five years after planting, the budget for plantation maintenance is terminated. This is one of themajor reasons why tree farmers grow superior plantations. 

The main problems affecting the existing plantations were identified as forest fire, poor site,damage caused by several hiotic enemies, and lack of silvicultural knowledge and qualified personnel. 
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MPTS RESEARCH PRIORITIES 

Forestry research needs in developing countries have been summarized by the World Bank andFAQ (1981). The four research priority areas identified were forestry in relation to: agriculture and
rural development, energy production and use, management and conservation of existing resources
(mainly natural forest), and industry. Callaham and Buckman (1981) also listed key areas needing
future research programs, with more emphasis on lesser-known species, critical forest types,reforestation in leftover areas, growth and yield of natural forests and fast-growing trees, logging and use of waste during processing, etc. High-priority research areas recommended by USAID at theAsialForestry/Fuelwood Research and Development Planning Conference in Bangkok (1984) were
(in order of priority): speces trial-, nursery techniques, provenance trials, genetics, spacing trials,
reclamation of wastelands, establishment techniques, grazing/fodder, shelterbelts, nitrogen-fixing
trees, and biomass productivity. At the 1984 JUFRO meeting at Kandy, high-priority research

activities were identified in more 
detail (Shea and Carlson 1985, Burley and Stewart 1985). These
research topics were ranked according to highest-to-lowest priority and included silvicultural andmanagement research, genetic improvement of MPTS, choice of species, design of agroforestry
systems, cost-effective techniques for nursery-stock production, use of nitrogen-fixing organisms with
MPTS, cost-effective techniques for tree establishment and maintenance, pest-management systems, 
and utilization studies. 

In the present study, 81 researchers were interviewed on the major ongoing research programs and
those to be conducted in the next five years (Table 6). 
Table 6. High-priority research conducied 1y 81 Thai scientsts. 

Research priorities 

Rank Present 1986-91 

1 Planting techniques Wood utilizauion 
Growth and yield Phvsioomv3 Seed Agroforestry4 Seedling~ Tree improvement

5 Agrofore,try Seedlines6 Plantation manaeninent Biontmass7 Weed control Fuelwood8 Fenilizaiion Seed9 Bioniass Growth and iteld
1) Fuelwood GeneticsII Tree impriovement Wood properties12 Wood utilization Planting techniques13 Soil Loggzing aid ranspnrtation14 Biotic erennies Anatormv15 Wood properties Urban plantini16 Physiolovy Biotic enemine,17 Log!Jing and transportatin Soil18 
 Genetics Fertil izanonI1() Conservation plantations Cofnservatioin pltatiotls
20 Urhan planting 
 Weed control 

Currently, most Thai forest scientists are satisfied with research activities. However, 20 of themclaimed that the present research system is unsatisfactory. They stressed that forest research policy isinconsistent and undirected, resulting in research programs with widely varying aims and difficulty inpractical application of research results. They acknowledged that researchers have been active inthe 
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programs but claimed that support from official organizations is relatively low. Researchers lack
funds and teams capable of tackling the problems. Because they have limited contact with related
organizations, dissemination of information is prevented. The majority of researchers considered itnecessary to improve the scientific atmosphere in forestry research programs. 

REFERENCES
 

Bhumibhamon, S.1983. Present views of senior forest administrators on forest resources conservation. Mimeograph, 12 p.
_•_ 
1986. The environmental and socio-economic aspects of tropical deforestation. Bangkok: Kasetsart 

University Faculty of Forestry, 105 p.

Bhumibhamon, S.and L. Atipunampai. 1983. Present views of regional forest officers and provincial forest officers in
northern area on forest resources conser-ation. Mimeograph, 12 p.
Bhumibhamon, S., T Vajirajutipong, and T. Viriyaratanaporn. 1984. Present views on natural resources conservation of


chiefs of villages in some northern areas. Conserv. 7: 52-59.
Bhumibhamon, S., T. Vajirajutipong, T. Viriyaratanaporn, A. Parnnakapitun, L. Atipunampai, and S.Changtragoon. 1983.
Present views of villagers on the natural resources conservations in the northern area. Mimeograph, 21 p.
Burley, J.and J.L. Stewart. 1985. Increasing productivity of multipurpose species. Vienna: [UFRO, 560 p.
Callaham, R.Z. and R.E. Buckman. 1981. Some perspectives of forestry in the Philippines, Indonesia, Malaysia, and
 
Thailand. USDA Forest Service, 66 p.Mungkorndin, S.1981. Forests as asource of food to rural communities in Thailand. FAO Regular Programme No. RAPA, 
pp. 52-69.
 

Panpiamrat, K. 1984. Thai rural areas: 
 progress and reverse development. (,n Thai.) Bangkok; Sacngrung Press, 291 p.Shea, K.R. and L. W. Carlson. 1985. Increasing productivity of multipurpose tree species: ablueprint for action.
Washington, D.C.: USDA Forest Service, 100 p.

TDRI. 1986a. Forest and mangrove resources. In Thailand natural resource profile. Mimeograph, 67 p.•1986b. Land resources. In Thai!and natural resource profile. Mimeograph, 141 p.USAID. 1984. Asia/Forestry/Fuelwood Research and Development Planning Conference. Draft final report. Bangkok, 65 
p.

Wacharakitti, S., P. Boonnorm, P.Sangvantam, A. Boonsaner, C.Silapatong, and A. Songai. 1979. The assessment of forest 
areas from LANDSAT Imagery. For. Res. Bull. 60, 22 p.World Bank and FAO. 1981. Forestry research needs in developing countries--time for a reappraisal. 17th IUFRO World 
Congress. Kyoto, 50 p. 



Integrating the Social Sciences into MPTS Research Networking
 

William R. Bentley
 

Senior Program Officcr/Agroforcsir, Winrock International 

Integrated or multidisciplinary research often is advocated among both agricultural and forestryprofessionals. Few successful cases can be cited, however, because of the difficulty of researchersagreeing on a common set of problems. Improvement of this process may be the major payoff ofintegrating the social sciences into MPTS research networking. 

The social sciences are concerned with understanding people, their behavior, and theconsequences of their activities. The traditions, methods, and results of various kinds of social scienceinquiries are at least as varied as those of the natural sciences. Economics often draws upon classicalphysics for its models, and theory tends to precede empirical work. Fields such as anthropology,
sociology, and social psychology have a less defined body of accepted hypotheses, and therefore
generally start with observations before reaching theoretical constructs. 

The richest research, as might be expected, integrates disciplines and methodologies. A commonground of almost all fruitful social science, however, is that inquiry is as much concerned with socialprocesses as with social consequences. How markets work is thought to affect market consequencesthe procedures of a political system are hypothesized to affect political consequences; householdprocesses are believed to affect the distribution of material goods and power among household
members. One lesson of this common ground is that the way we conduct MPTS research probably
affects the quality of our results. That is the essential premise of all discussions on research
 
methodology or process. 

PRIMARY CLIENTS 

MPTS improvement is an applied field of research defined by the clients who will use the results.
Resource-poor farmers are the group most interested in MPTS. In general, wealthier farmers,
industrial owners, and public agencies are more concerned with single-purpose crops, forage, ortimber species. The resource-poor household, which usually iscomposed of a mix of subsistence andcash activities, will benefit most by substantial improvement in M'IPTS productivity (Chambers 1983,

Bentley 1985).
 

The problems of the resource-poor household can be defined in several dimensions. First, becausecapital is quite scarce, it is difficult to invest. Trees are a useful form of investment because the initialcost is relatively low, growth accumulates and is readily stored, and the overall technology is relatively
simple and generally understood by rural people. 

Second, labor is relatively more abundant than capital, but time is often the limiting factor,especially for women. The addition of a new set of activities--tending and harvesting IMPTS--oftenrequires giving up some other activities. Where tree scarcity has led to long hours of fuelwood orfodder gathering, adding IMPTS can result in a net saving of time that can be allocated to other tasks.However, in many cases, an initial consequence of NIPTS improvement will be a net increase :n totaltime requirements that likely falls disproportionately on particular household members. WhereMPTS are subsistence crops, women are likely to be responsible for tending and harvesting; whereMIPTS produce cash, men by tradition may be responsible. 

53
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Third, resource-poor householders, who are more severely affected by adverse events than are
better off rural people, are used to managing complexity. Even small farmers have many crops anJactivities to provide for the subsistence and cash necessities. Consequently, complexity may be an 
advantage for the poor. 

Fourth, resource-poor farmers often can be described as "marginalized people on marginalized
lands." Beyond the capital, labor and complexity characteristic of being economically and politically
marginalized, the most severe constraint usually is the marginal productivity of their lead resources as
measured by food crop output per hectare. Improvements in productivity require careful definition in 
terms of current and prospective client needs and resources. 

Worldwide we observe tropical deforestation and degradation of former grasslands and forests
that are now under subsistence farming. Population growth, common-access property rights, archaic
timber sale laws, and traditional perceptions of trees as public property are among the many factorsthat contribute to this downward spiral in tile productivity of marginal agricultural lands. MPTS and
other agroforestry components are a means of stopping this degradation and initiation of a

rehabilitation process. Where markets are allowed to function reasonably well, growing scarcity of

wood, fodder, and other tree-based products alone may provide the necessary inLcntive to grow

MPTS. The social values of farm forestry, in many cases, justify public subsidies of seedlings and other 
inputs, especially information. 

At the macro or policy level, the institutional context is set for the resource-poor farmer. This 
context often includes vague property rights for private lands and disproportionate dependence on common access to public lands for grazing, fuelwood, and other necessities. Credit may be limited by
class, caste, or other factors that have little impact on financial risk. Input subsidies and
extension/outreach programs may serve the rural rich much better than the rural poor. Changes there
and other adverse factors in the context ol resource-poor farmers require policy analysis and political
choices. 

To understand the resource-poor household and its context, social science research is needed todetfine client problems and to conduct effective applied research to solve problems. A MPTS research
effort to increase fuelwood productivity is of little use if fodder is the scarce household resource. 
MPTS research to improve subsistence productivity will not help households well into the cash 
economy. And the reverse examples are equally true. 

The social sciences will not only assist the biological sciences in defining a more relevant research
 
agenda, but will lead to a more specific social science research agenda as well. Clearly, improved

MPTS productivity will help resource-poor farmers, and understanding the resource-poor household
wil! lead to more targeted biophysical resource and outreach programs. Given the social complexity of
rural poverty, especially in ecologically stressed areas and marginal lands, social changes in micro and 
policy factors are even more likely to improve the consequences of NIPTS productivity. 

RESEARCHERS 

Standardized MPTS network research improves methodology and results. ,pplied research isespecially demanding in terms of methodology or process. The critical questions of scientific method 
are honed further by pragmatic considerations that are relevant and valuable to particular clientele. 
Consequently, there is an interplay between questions of cause and effect and those of decisioncriteria and responses of alternatives. Agroforestry research and problem solving, especially by people
with different disciplinary skills and perspectives, is complex. Effective group process isseldom taugzht
in the highly competitive training crucibles that produce most IMPTS scientists. However, it is thedisciplined group question-answer skills that are especially valuable to NIPTS research methodology. 
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Along with the many research methods of the biophysical disciplines, various social sciencemethods can add to the total "kit of tools" available to MPTS scientists. Economics, with its strongconceptual base, provides some useful frameworks for design and interpretation of results. Theproduction function--the physical output responses and manipulating inputs, including time--is aconceptual device that enables researchers to measure technical efficiency and separate it fromeconomic efficiency. And it forces the research design to yield results that are useful to the client. 

Applied anthropology and rural sociology seldom assume knowledge about the household orvillage. Design of instruments--from participant observation, to ethnographic measures, toquestionnaires for measuring specific household perceptions and behaviors--is a critical skill set ofthese fields. The most successful social forestry programs, such as community forestry in Nepal andfarm and energy forestry in Pakistan, are based on rigorous analysis and interpretation of primary
social data gathered by using such instruments.
 

Although it is so commonly accepted as to sound trivial, the progress of science is dependent uponthe sharing of results. Sharing ensures that research builds on itself and, perhaps more critically,constantly checks itself for error and objectivity. Networking is a means of facilitating sharing results
and the social benefits of applied science. 

OUTREACH PROFESSIONALS 

Perhaps the most obvious secondary clients are extension or outreach professionals. Transfer oftechnologies and other research results is most effective if information is packaged in terms of theprimary clients' perception of their problems. For eximple, because resource-poor people are riskadverse, MPTS information must include risks of seedling mortality, low growth, and poor yields
(fruit, fodder, etc.). Also, understanding the client will lead to more effective selection and use of
media. For example, demonstrations and other visual media generally communicate better than

verbal media.
 

Social marketing--the use of mass marketing techniques for socially desirable goods and services,
such as oral rehydration therapy and family planning--has yet to be used for social forestry. Social
marketing may be especially useful in convincing farmers to adapt more productive agroforestry landuse practices and to gain general public support for policy changes that favor small landowners in
 
marginal areas.
 

POLICY MAKERS 

Because MPTS are grown at the household and garden-plot level, it is not obvious to many MPT,researchers and outreach professionals that the critical problems may be at the macro or policy levels.The symptoms of deforestation and land degradation are most easily seen at the micro level--e.g.,local overgrazing, specific poor timber harvesting practices, etc.--but these causal mechanisms aresocial institutions, such as timber sale policies, grazing rights or other tenurial issues. Diagnosis ofinstitutionally-caused problems, design of improvements, and predictions of tile consequences ofpolicy changes are results of social scicnce research of use to policy makers. 

POLICY DIAGNOSTICS 

An example of macro or policy diagnostics would be the cause of India's wasteland problems(Romm 1979, Bentley 1984). Out of 266 million hectares in rural India, 100- 150 million are seriouslydegraded. The symptoms are serious reduction of actual annual productivity relative to potential, soil
losses, and water runoff. 
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In some cases, the obvious cause is mismanagement of irrigation water with consequent water

logging or salinization. Woody perennials often are part of effective rehabilitation of these 20-30

million hectares. However, most of the causes are more comp'ex and subtle. Some areas have beentraditional grazing commons for decades if not centuries, but many were scrub jungle or high forest
within living memory. Some were cleared for cultivation or to avoid losing title to the state as
Famidar estates were taken over after independence. Others were initially harvested by contractorsfor the commercial timber and then grazed and exploited for fuelwood. A factor common to almost
all these degraded lands is overgrazing, at least in the fallow season. Indeed, that is the critical clue to 
the institutional cause of India's wastelands--common-access property rights. The standardunderstanding of common property problems is that overharvesting occurs. While that is true, the 
more critical point is that neither public nor private investment for future productivity occurs. Few
land-use systems maintain productivity over time without both control of harvest rates and
 
reinvestment for future output.
 

The design of better systems to manage common-access properties is not easy. In some cases, the
solution is tied to technology, such as dry-season irrigation or intercropping patterns that extend the 
crop growing season. In other cases, local organizations can be created to control use and make
investments. In a few cases, transfer of lands from public commons to private ownership is a feasible 
solution. In all cases, some shift in policy, at least at the interpretive level, is needed. 

MvfPTS, no matter how desirable, will be not be planted and tended if peasants cannot expect to
 
reap the benefits of their efforts. Common-access rights affect far more activities than MPTS, but

unless researchers and policy makers deal with property rights issues, MPTS will not be useful to
 
resource-poor farmers in South Asia.
 

VILLAGE DIAGNOSTICS 

Several social forestry projects in Asia have either been ineffective or slow to take hold becauseforestry departments have not discovered villagers' preference for tree species. IVPTS improvement
is, in fact, a learning response about the needs of villagers. In specific areas, however, the MPTS
selected by researchers may not be what the villagers want or think they want. Thus, the social science 
instruments useful for understanding the primary client are specifically useful for diagnosing the local
MiPTS needs. Improved understanding of time allocation (Bennett 1983) often will help direct
research toward the MPTS values of greatest potential benefit. Fuelwood is critical where much time
is spent gathering fuelwood; fodder where animal ownership and use is constrained by dry-season
protein needs; etc. 

As with the macro or policy level, the purpose of social science diagnostics is to understand causal
forces. The failures of social forestry to date have resulted from professionals treating symptoms
rather than causes. 

SUMMARY 

Social scientists can help MPTS research teams in several ways. First, they can help select the most
important problems as defined by the resource-poor farmers. Second, they can help improve the
research process and management. Third, they can provide iniormation to accelerate and improve thequality of research transfer to the primary clients. Finally, they can help policy makers improve the 
institutional context for MPTS growing and harvesting. 
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Global Research Networking
 



Introduction 

The global research component will help develop, collect, analyze, and synthesize researchinformation of the F/FRED network and will develop data bases for technology assessments andresearch models. Through global linkages with CATIE, ICRAF, and other organizations, an
integrated informational data base will also be developed. 

Principle activities include assistance in research design of network trials, data base managementtraining and regional coordination. These activities will be carried out under subcontracting
arrangements between Winrock International, prime contractor, and the University of Hawaii.
 

In a broad sense, data base management involves information collection and knowledgegeneration; information storage, retrieval, and knowledge preservation; and knowledge transmissionand utilization. F/FRED's microcomputer DBMS is conceptualized as: an experiment data baseresulting from the network trials, where standardized methodology is used and the same MDS iscollected; and an informational data base that incorporates several sources of information, such asliterature, syntheses of past research results from other data bases, and observations of MPTS
 
specialists globally.
 

The major activity of the global research component will be research dealing with F/FREDnetwork collaboration and related data bases. The concept of a NMDS will be used to standardize thecollection, input, and analysis of collaborator research data. This experiment data base will providecollaboration with an analysis of network data on MPTS performance and BM site data for longerterm development of computer models. Weather, soil, and socio-econonic data will be combinedwith MPTS performance data and MPTS information from other regions to constitute acomprehensive data base adequate for technology assessments and predictive modeling. The resultswill form the basis for development of relevant guidelines, state-of-the-art manuals, and trainingmaterials with a focus on key topical areas, such as species selection for priority use, application of
 
DBMS and modeling.
 

From the viewpoint of an F/FRED collaborator, the DBMS can be seen as an information anddecision support system with the ability to input, organize, and store data; retrieve, display, andanalyze data; develop and validate prediction models; and assess MPTS technology transfer. Theuser-friendly support system will allow timely decision making based on available research data andother supporting information. The system and the specialized materials developed from and insupport of it will be used in implementing a series of workshops to focus on data base management,
modeling feasibility, and evaluation and exchange of model information. 

Coordination with Asian collaborators and other regional counterparts will assist in designingminimum standards for data collection, the development of systematic methodologies, and a globalinformation data base. The long-range goal is an enhanced range and distribution of environmentalgradients and a reduced need for external site-specific experimentation. 

61
 



Overview of DBMS for MPTS
 

Dietmar W. Ruse and Foster B.Cady
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Successful forestry research and development projects require readily available, easily accessible,and precisely analyzed experimental information from well-planned experiments. Such an informationsupport system is part of the F/FRED effort to develop DBMS and scientific networks that would
Cacili.ate the efficient exchange and transfer of information on forestry and MPTS research amongscientists and regions of the world (Rose 1984). The first phase of this information exchange is thedevelopment of an Asian network. The development of integrated data bases from coordinated
experiments and other MPTS information is one key aspect of the F/FRED Project. The ideas

presented in this paper are offered to begin a constructive dialogue among Asian scientists,administratr.,,s, and practitioners about approaches to coordinate research planning, experimentation,and transfer of technology resulting from this research. 

DBMS CONCEPTS 

General 

Advances in microcomputer and electronic information transfer technology and associatedsoftware developments, especia;!, spreadsheet and data base management packages, have raised theawareness of planners and analysts to questions of efficiency and effectiveness in generation, storage,and retrieval of data and information. This new technology permits efficient organization of data andinformation exchange. These advances in hardware and software do not eliminate the need for
structuring data and information. 

Timely and efficient access to organized information improves decision making. Information must
be relevant to management decisions in MPTS production systems and must be transferrable
efficiently to the various users, including project managers, scientists, extension agents, practitioners,
administrators, and policy makers. Efficient transfer means transfer of timely information in a formthat makes understanding and implementation easier. Technology transfer is aided by using
condensed, well-organized, and readily accessible summaries of key information relevant to a specific
problem and aimed at previously identified end users. Technically, this is best accomplished bydeveloping a MIS. According to Hicks (1964), a MIS is a formalized, computer-based system able tointegrate data from various sources to provide the information necessary for management decisionmaking. One of its key components is a DBMS, a program .,erring as an interface betweenapplications programs and a set of coordinated and integrated physical files cal!ed a data base (I-licks
1984). 

Justilication for mPTS Data Base Establishment 

Efficient technilogy transfer is precluded by many standard forms of information distribution, e.g..unpublished, in-house r-norts or scientific publications. The former are often overburdened withtechnical detail and backgrwind information: the latter are often aimed only at a small, highly-trainedaudience or reach only a small audience because of the style of presentation. Improved formiats for,eporting, transferring, and disseminating information need to be developed. 
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Specific reasons for supporting data base development: 

* Reduces the cost of information retrieval and transfer over traditional systems
* Makes information available on a more timely basis 
* Forces abstraction of important information from available sources for efficient storage and 
transfer 
* Helps identify major gaps in information and direct research and data collection efforts into 
high priority areas 
* Facilitates systematic analysis of major problems and qti.Stions
* Standardizes data collection and reporting of research findings
0 Improves data quality control through standardized procedures, including error checking 
programs 
e Supports integrated planning activities and integration of different types of information, e.g.,
socio-economic and biophysical 
• Helps coordinate related research and development projects
* Expedites appropriate management decisions and reduces likelihood of poor, uninformed 
decisions 
* Avoids duplication of research and data collection efforts
 
* 
 Enhances networking, training, and technical backstopping
* Reduces language communication problems and translation costs 
* Reduces risk of information being lost 

Many of these considerations are relevant also for any rational project management approach.

Data base management and rational project management, therefore, ar, synergistic and
 
complementary.
 

Data Base Organization 

In organizing :he MIS/DBMS, various tasks need to be implemented. Guidelines for assembly andorganization of available data relevant to specific resource development problems need to be
developed. Only after these guidelines have been established can the process of identifying additional
inventory needs begin. Data collection must be problem-driven and never an end in itself. 

A MIS must begin by defining the 'necessary and sufficient" conditions for the data, and it should
also specify the requirements of its structural format. Raw data become the inputs into models for
prediction and explanation. The types of models desired by decision makers and other users need to
be identified before determining which data need to be collected. Thus, collection of MDS of raw
information is requisite for modeling. The types of models to be developed, on the other hand,
determine the MDS that is needed (Figure 1). A NIDS is the essential weather, soil, socio-economic,
and MPTS information needed to model performance. 

Figure 1. Linkage hetween NiDS and modlhng. 
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Whether organizing existing information or information to be generated in new research, a logicalstructure greatly helps this task. Distinct frameworks for data organization need to be developedsince information is required at different levels of decision making. 

Research Coordination for M PTS 

Since the bulk of scientific knowledge is being generated at the individual project level, the majorresponsibility of data organization must be with project leaders. Projects should emphasize immediateanalysis of data to make information available quickly. This will help plan future work by identifyingimportant variables and relationships (Figure 1) and avoid duplication of work, especially if
information can be shared. 

Data are transformed into information for decision making using scientific methods and models,e.g., simulation, statistics, and economics. Tile outputs to be developed by research need to be clearlyidentified before setting up experiments and before identifying the variables that need to bemeasured for developing predictive and/or explanatory models. The key end uses of growth and yieldmodels for NMPTS are 1) matching species and sites to improve survival and growth and 2) quantifying
the ti ade-offs bet-ween management.systems. 

It is therefore necessary to understand the relationship between key dependent and independentvariables before setting up experiments. Once these outputs are known, a vIDS needs to bedeveloped, i.e., the variables that need to be observed and measured in the field. Data recorded in thefield should be directly transferred to the data base for tile MPTS network. 

For accelerating tile development of predictive models for the major outputs of MPTS systems,
scientists should agree 
to comm,,n standards for experimentation, including a minimum set ofmeasurement variables. They also -'--11d coordinate their experiments to cover tile extreme sites forwhich information is especially s .. .oordination will also be required to ensure that researchfocus on tile most important species ,Idmanagetient approaches and that less emphasis be placedon SET. An adequate range of management treatments need to be covered, such as properlycontrolled spacing trials, pruning, coppicing, and lopping trials. A better range of trials will be neededon arid sites and in higher altitudes, and genetic improvement and good provenance selection are
needed. To increase the efficiency of experimentation, SET and provenance trials can be combinedvia efficient experimental designs. There must be a common core ot germplasm, treatments, and
 response data common 
to the cooperators to which each institution can add other species and
 
treatments.
 

NIDS 

A clear frame of reference is needed to identify tile gaps in current information arid to coordinate
the efforts that could fill these gaps in tile shortest possible time through coordination and
cooperaion among Asian scientists. Uniform standards for implementing IMPTS experiments need 
tobe esta'lished to permit global exchange and transfer of scientific information on MPTS. Thesestandards and NIDS should be developed jointly by network participants of cooperating countries toensure production of useful information and to gain acceptance of these standards. Detailed technicalguides for the establishment, measurement, analysis, and model development of IPTS productionsystems need to be developed and distributed. Tile developmc.it of NIDS and field cuidCs is one of
the central tasks of the FiFRED network. 

File formulation of NIDS, the appropriate fornis and formats for recording data, and tile desi,_,n oftile logical data structure tor eventual linka,es of all rele',',nt data are the mo s time constLinlinc landcrucial steps in developing DBMS arid MIS. Project staff, scientists, and practitioners shouldcontribute to the design ly formut.lating questions, analyzing what information is reLILired to sol,.especific problems, and identifyin, the users of this information and the form in which It should be 
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made available. Since information related to the biological, economic, and social components of
 
MPTS is needed, MDS will ultimately include a broad array of variables.
 

The F/FRED Project represents an early opportunity to open a dialogue on MDS for MPTS
research among Asian scientists. The final MDS needs to reflect the specific needs of the region and 
the level ot coordination acceptable to the network participants. Questions that will ultimately
determine the type of research, the level of cooperation and coordination, and the possible research 
outputs in the form of various models useful to decision makers include: 

1. What are the objectives of individual research programs?
2. What kind of experiments are being carried out (SET, provenance trials, management trials, 

etc.)? 
3. What VIPTS outputs or response variables are being measured (fuelwood, fodder, food, 

etc.)? 
4. Are these outputs measured directly or indirectly?
5. Are environmental variables described? If so, which and how? 
6. Is there already a conceptual MDS being used? 
7. Can MDS be coordinated between countries? 

The Central American Fuelwood Project at CATIE and F/FRED are pioneering experiment
based data bases, DBMS, and decision support systems for MPTS (Rose 1985, Rose and 
Ugalde
1985). MIDS, field forms, procedures, and prototype DBMS are expected to be ready in the near
future. Four general functional recluirements of the decision support system being developed by these 
projects are: 1) to input, organize, and store all data; 2) to retrieve, analyze, and display the data; 3)
to estimate and validate MPTS models; and 4) to assess the prospects for NIPTS technology transfer. 

At CATIE, experimental MPTS data has been collected in six Central American countries over a

wide range of environmental and site conditions and a variety of MPTS production systrms (SET,

provenance, and management trials and agroforestry systems). This project has worked with over 
150 
MPTS, of which 15 have been identified as major species for more intensive experimentation. A good 
set of data exists for about five of them. 

Another source of information for development of MDS and field forms is the USAID-supported

IBSNAT Project, which has generated a DBMS to support decisions for agrotechnology transfer

(IBSNAT 1986 a,b). Information from IBSNAT accelerates the flow of agrotechnology from its
 
original site to new sites with similar env:ronments. Each BM site is capable of generating the NI)S

for one or more crops. Tile network of BIM sites then provides the range of environmental conditions 
needed to develop and validate crop models. 

Past Versus Current Research 

A cLIestion that needs to be raised before developing a DBMlS for the MPTS network is the
desirability of including existing collected information. The answer is complex and depends on tile 
availability of resources, and, more importantly, on whether past data collection efforts conform to
established standards for measurement and analysis, including the availability of a NIDS. In the case
that information is lackino on some variables, ;he answer depends on the ability to obtain these 
additional data efficiently. Experience suggests that most itformation collected in the past for NIPTS 
experiments does not meet MI)S standards needed far environmental modeling. Trhis information is
therefore not usable for comparative analyses between sites without additional information being
collected. The establishment of standard procedures for MPTS experiments will prevent the 
occurrence of these cases iii tie future. 

If only limited amounts of easily obtainable data are missing to complete the IDS for ongoing or 
completed experiments, a strong argument can be made for capturing existing data since they orten 
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represent experiments that were established in the past. Such experiments can yield information thatnew experiments will generate only after several years. The earlier experimental data that meet MDSrequirements can be assembled, the earlier it will be possible to develop predictive models that canaid project planning and decision making. 

Categories of Data Bases 

Information based on measurements and analysis of formal experiments is termed epefinent database and is ideally suited for comparative studies of species performance as long as uniform standardsfor measurement are applied and information is based on standardized geographic and physicaldescriptions of the site. The experiment data base should be the primary type of data base for
F/FRED since it complements the goals of a scientific research network.
 

Depending on the level of abstraction of information gained from formal experiments, allinformation at some point,could enter into another data base that summarizes, in a highly condensedform, key information on MPTS. We term this an infbrmationaldata base. 

In the experiment data base, scientists have access to the experiment data in raw form, i.e., the plotdata, including replication of treatments in comparative trials. The possibilities of analyzing subsets ofthe total data base and of data aggregation and comparison for model development are excellent. Inthe informational data base, abstraction would have already led to models for prediction of speciesbehavior that have been subjected to rigorous testing and that have been found reliable. Recordedobservations on individual demonstratinn plots located in farmers' fields or plantations might also beincluded in an informational data base. i'here is no absolute dividing line between these two types ofinformation systems, and data bases might be made up of elements from both types (see Figure 2). 

Figure 2. Possihle range o maydata bases (fiat he developcd. 
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Only in the ideal case is the informational data base solidly founded on scientific experimentationusing standardized, repeatable procedures. Informational data bases exist that are founded not on
experiment data but on personal observations, literature surveys, and questionnaires. The role of
these more general informational data bases for development and estimation of growth and yield

models needs to be carefully studied.
 

Various special-purpose informational data bases for microcomputers are maintained or arepresently being developed by interested organizations. For example, the NFTA data base containsinformation from the literature on taxonomy, environmental requirements, utilization, silviculture,and wood and forage characteristics for some MPTS. ICRAF maintains a worldwide inventory database of trees and shrubs useful for multiple land-use systems with special emphasis on agroforestr,(von Carlowitz 1986). An ambitious effort designed for minicomputers isbcin,- undertaken byAustralian researchers at ACIAR. The INSPIRE program, written by the Forestry Departmeur atOxford University (U.K.), isa user-friendly program for selecting species tor inclusion in the initialphase of forest Species trials for tropical and subtropical climates. Species data are stored under atotal of 21 main features, e.g., rainfall and temperature. Selections are made by successiveli ap plyingusers' requirements and site conditions to any o the features until a final choice is achieved (\Vebb et
al. 1980). 
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Environmental Description and Modeling 

Any information system dealing with a biological production system, such as agriculture or
forestry, requires an environmentally or geographically-based reference system. Without the latter.
scientific information on performance of specific plant production systems cannot be compared or
transferred between locations. An environmental data base relates different kinds of information in
forestry, agriculture, and agroforestry research to a common basis of environmental information. For
example, soil taxonomy has provided the common language for communicating soil and climatic 
information to scientists in widely separated countries (MacDicken et al. 1985). 

The proposed MPTS data base is organized around three environmental zones: humid tropics,
arid and semi-arid tropics, and tropical highlands, The purpose of this environmental data base is to 
relate different kinds of information on MPTS experimentation to a common basis of environmental 
information. Information variables in such a system may include location, geology, land form, climate, 
hydrology, soils, vegetation, fauna, disease, and land use. 

Several environmental models that attempt to integrate climatic conditions with existing

vegetational patterns exist. The utility of such models is transfer of germplasm and/or cultural

techniques from one part of the world to another with a predictable measure of success. A general

discussion of these models is presented by McFadden (1984). ICRAF uses the Koppen system in its

environmental data base for agroforestry (Young 1983, 1984). The fuelwood project at CATIE is

using the system developed by L.R. Holdridge (1947) designed to determine worldwide plant

formations from simple climatic data (Ewell and Whitmore 1973).
 

Based on the experience of the IBSNAT Project with agronomic crops (Silva 1985), propagation

and cultural technology associated with 
 IlPTS can be expected to be more easily transferred within
 
than across climatic regions. Statistical models can be used to describe the relationship between soil,

climate, and management variables, and forestry or agricultural crop yields. Such environmental
 
models may be used to analyze, expand, and transfer NMPTS technology.
 

Mutiltiple Outputs of MPTS Systems 

One important feature of MPTS production systems is the ability to produce a variety of outputs,

depending on the management objectives. Wood products typically include the commercial 
stem of a
 
tree, secondary branches cut into posts and fuelwood, and tertiary branches that may serve as an
 
energy source. Leaves may be used as green 
manure or as cattle feed. Seeds and fruits from the trees
 
are an important source of nutrition for local populations.
 

While the quantification of the commercial stem of trees on the basis of tree diamet,.er, height, or
form is well-established, other components are difficult to quantify because they have not played animportant commercial role. F/FRED network participants need to develop the methodology tQ
quantify all components of MPTS production systems that are used by rural populations to help 
compare and rank alternative tree species and production systems. 

Many analyses completed for MPTS systems have involved classical statistical methods, including
calculation of statistical descriptors, correlation and regression analysis, and ANOV. Some of the 
outputs produced from these analyses have been volume tables for the commercial and biomass
portion of trees. Growth models also have been produced for some species. Additional information 
on desirable outputs, i.e., measurement variables and models, needs to be assembled to support the
design of the MDS. Field methodologies should be designed to measure these different outputs and 
related variables so that predictive and possibly explanatory models for uecision Suplprt can be 
developed. 

http:diamet,.er
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BENEFITS 

The use of MDS and standardized procedures for measuring necessary variables will ensui e thatthe absolute minimum information for model development and end-user decisions is collected.Principal investigators will be able to carry out data analysis and modeling on larger aggregated datasets and to compare different experiments. Such analyses will produce better models and help MPTSmanagement decision making and information transfer. 

One of the main objectives of a DBMS is to provide relevant data summaries of information formaking decisions at different levels. The F/FRED DBMS will permit the retrieval of any or allinformation maintained in the experiment and informational data bases that are being developed. 

Establishment of NMPTS information data bases will help improve all phases of forest management,e.g., seed procurement and species selection for environmental zones. It should elucidate climatic,biophysical, and social constraints in tree seedling production and establishment and improve nursery
operation and stand-management techniques. 

Through the development and acceptance of standardized procedures, MPTS research can becoordinated to avoid duplication of effort and to emphasize research of species and ecological areasthat have not been adequately covered. Uniformity of data standards will permit the pooling of datafor improved modeling of species responses to site and treatment. Information gained frcmexperimentation can be easily transferred and shared among network members. Those who willbenefit most from improved MPTS output models will be the network participants that arecoordinating their research and agree to share information. With the early availability of such models,research planning should become more efficient and duplication of effort greatly reduced. 

Once fully implemented, the decision support system will help researchers in planning future
project work. Information retrieved from the data base can identify priorities for species, soils,
environmental zones, and end uses not currently covered adequately by experiments and avoid
generating already existing information. The ease of transferring information will help plan new trialsthat will complement existing information. 
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MPTS Data Base: Concepts, Contents, and Objectives 
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During the last 10-15 years, a gradual shift has taken place in land-use concepts from amonopurpose to an integrated, multi-component approach, particularly in developing countries. As aresult, MPTS that had previously attracted little or no attention from foresters came into focus. Thisemphasis on trees and shrubs as major components in agroforestry and other multiple land-usesystems has created a need for information. The sudden increase in the demand for the germplasm ofthese species is difficult to satisfy. MJoreover, we have little silvicultural knowledge about the majority
of these MPTS. 

OBJECTIVES 

If MPTS are to make a substantial economic and/or ecological contribution to a productionsystem, answers to the following questions must be found: 

" What are their actual and potential production and service uses?
" What are their biophysical requireme. ts and tolerances?" What are the species-specific characteristics, not only in terms of phenology, morphology, andreproduction, but also in terms of the problems associated with planting certain species?o What is the species-specific capability to respond to tree manipulation and management,bearing in mind that woody plants in agroforestry systems are often associated with non-woody
plants? 

Most of the above questions are answered through expensive and time-consuming but necessaryresearch. Much of the information so urgently required is contained in literature that is not easily
assessed. Even more difficult is acquiring unpublished information. Consequently, our knowledge is
accumu!ated by finding ways and means of accessing the information and then compiling and

collating it in a logical and easily retrievable system. 

In this process, the many species constitute a particular problem. The compilation of a master listof MPTS in connection with the publication of a MPTS seed directory yielded about 1,400 differentspecies. This number increases almost daily through ICRAF's data collection activities involving morespecies that by definition qualify for inclusion in the master list and the IVlPTS data base. However,considering the time and cost involved in developing species by selection and breeding to aproduction level comparable to the one already achieved by other more conventional corponents ofagroforestry systems, any number exceeding 30-40 species becomes unmanageable and too costly.These considerations call for establishing priorities on the basis of sufficient, objective information
and data (von Carlowitz 1984). 

The overall objectives of ICRAF's MPTS data base can be summarized as follows: 

* Collect and systematically store existing information on MlPTS of the tropics and subtropics.* Assess the biophysical range of MPTS.
* Arrive at as complete an assessment as possible of noncommercial uses, e.g., timber." Provide the basis for the economic assessment of MPTS (yield data on fodder, food, and otherproducts) to aid the economic analysis of agroforestry systems. 
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" Help select priority MPTS for further development.

" Identify information gaps and research needs.

" Develop an information system that can help pre-select MPTS by matching biophysical site
conditions, making possible the response to other inquiries on MPTS. 
* Assist in publishing MPTS crop sheets. 

COMPUTERIZATION 

The hardware presently available to ICRAF's MPTS data base project consists of a WANG PC,768 KB RAM; one floppy disk drive (360 KB); 30 MB built-in hard disk; and a FX Epson and EpsonLQ Matrix Dot printers. The software consists of a MS DOS operating system and Knowledgelvlan
relational DBMS, in addition to software developed in-house. 

INFORMATION SOURCES AND DATA COLLECTION 

The information and data contained in the MPTS data base are divided into site-specificinformation and those that hav been extracted from relevant literature. With th - intended focus onMPTS uses vis-a-vis biophysical conditions, site-specific records form the backbone of the data base.
This approach sets apart ICRAF's MPTS data base from other similar ones. 

The focus on site-specific information requires special efforts to access field data. Therefore, a
MNPTS data sheet was designed to obtain information and data from people working in the field or

having access to those with site-specific knowledge about MPTS."
 

In the early phase of establishing the data base, information retrieval was restricted to voluntarycontributions. Data sheets printed in English, French, and Spanish were distributed in large numbersto suitable informants. While rate of response was encouraging, it did not reach a ,atisfactory level.

Therefore, as of early 1985, special MPTS data collection missions were mounted by hiring junior
researchers or undergraduate degree students as consultants. To date, three .auch missions have been
successfully completed in Asia, West Africa, and Latin America. 

Both the voluntary contributions and results of the data collection missions have produced
numerous records on a correspondingly large number of species. Consequently, the multi-location
information coverage of individual species is relatively low. To overcome this shortcoming, thoseinformants whose contribution showed an outstanding level of information value and
conscientiousness in completing the MPTS data sheets were selected form the computerized
reference list. They are offered small contracts according to which they are requested to fill in 15-20data sheets for the area with which they are familiar. By contracting many informants in differentlocations, the project is likely to receive many records on any individual species, thus enlarging thebasis for gauging their biophysical range. As no substantial travelling is involved in this kind of 'mallscale operation, the cost-benefit ratio will be more favorable when compared to the larger data 
collection missions. 

Another simultaneous actlvity is the screening of literature, such as research reports, speciesmonographs, and compendium-type books, whose relevant information and data are extracted andloaded onto the computer. Because much of this information contains summary descriptions of
species, this activity is considerably valuable. 

MPTS data sheet isavailable from P.G. von Carlowitz at ICRAF, P.O. Box 30677, Nairobi, Kenya. 
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STRUCTURE AND FORMAT 

The data base deliberately restricts itself to MPTS information. Although some descriptors usedand the respective information received permit the relating of species to their place and role in thesystem, it is not the intention to extend information and data collection to a systems approach ingeneral. It would require a completely different set of descriptors, or, if included in this data base,would increase its contents to an unmanageable size. The inclusion of systems-oriented aspects wouldinvolve such topics as tree-crop interface effects and socio-economic considerations. Other projectsand information systems, such as ICRAF's Agroforestry Systems Inventory Project, are more suitedto placing MPTS more deliberately into a systems perspective. 

Even with this self-imposed restriction of ICRAF's MPTS data base, it is not recommended that asingle individual or institution attempt to cover all aspects of MPTS collection, interpretation, anddissemination of information and data. The vast and comprehensive information that is needed onspecies potentially useful in agroforestry systems calls for a division of labor. 

Considering the generally low level of knowledge on the majority of MPTS, a logical first step wasto aim at an overview of available knowledge on as many species as possible. Consequently, ICRAF'sdata base was designed as an inventory data base as opposed to a specialized one, such as the East-West Center/University of Hawaii data base on pest-control properties of woody perennials (Grainge
et al. 1985). 

Biophysical data, particularly climatic data and uses of MPTS (products and services) areconsidered core information. Therefore, special emphasis is placed on the collection of the respectivedata. Additional information on phenology, morphology, reproduction, and tree

management/manipulation is collected.
 

Site-specific information form tile backbone of the data base. In tile early stages of establishing thedata base, contributions from informants working ii the field were the prime source of information.To secure a reasonable percentage of returns, completed data sheets had to be brief and "userfriendly." Therefore, the number of descriptors was limited to those considered essential for
describing woody perennials in an agroforestry context.
 

Each description of a particular species in one site or area forms one record, identifiable in the
data base by a unique "keyfield number." Tile number of records on any particular species and the
biophysical and use range covered by it determine the information value. Climatic data, as obtained
from informants, or literature on specific species are converted by a computer sub-routine program
into discrete climate classes, which then constitute a major descriptor for conditional searches.
 

EVALUATING INFORMATION 

The evaluation process starts at tile simple level of checking and judging incoming completed datasheets for their information value, the taxoaomic nomenclature, and on logic and authenticity of theircontents. Once stored in the data base, information from site-specific collections and that obtainedfrom literature can be evaluated and retrieved separately as it is coded differently. 

The most important form of evaluation is the numerical assessment of accessions. At any time,checks can be carried out on the geographic coverage, exposing regions or ecological zones for whichonly a few records or none have been received. Similarly, any other subject-related, substandardinformation coverage can be exposed and steps taken to eliminate such shortcomings by directingfurther information collections accordingly. 
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Although activities are still concentrated on information collection and storage in order to quickly
increase the volume of the data base, occasional evaluations have been conducted and may serve as 
examples. Checks on the number of records received from individual countries showed an under
representation of Latin American countries. Consequently, a MIPTS data collection mission was 
mounted in this region, which produced 150 records. When screening the data base for yield data
contained in individual records, it turned out that only 16 percent of the indications of production 
uses mentioned were accompanied by yield data (von Carlowitz 1986). This check further revealed 
that in most cases these quantitative data are incomparable as no circumstantial descriptions were 
given as to how they had been obtained. As a consequence, the terms of reference for data collection 
missions were amended, placing particular emphasis on the importance of yielL data and providing
standards for explanatory notes to accompany the yield data. 

Other examples of evaluation opportunities offered by the descriptors and the format used are: 

* The preference of certain products or services from individual species reflects their economic 
or ecological value in certain locations or areas. Repeated high ranking of certain uses associated 
with specific species in a wider geographic range may aid priority species selection. 

e Certain species-specific morphological attributes, such as depth of root system or density of 
canopy, can indiate the probable suitability of species for tree-crop mixtures in an agroforestry 
situation. 

* The comparison of climatic data (distribution of rainfall) and canopy architecture will permit
conclusions on the capability of certain tree species to close fodder gaps. 

* The information reliability requested will indicate research needs if certain aspects of tree 
characteristics and features are repeatedly met by a low ranking of reliability. 

* Certain recorded service uses, tree management features, and tree characteristics may indicate 
species-specific potential suitability for certain agroforestry systems, such as al!.'y cropping,
shelterbelts, or live fences. For example, a species potentially suitable for alley cropping should 
coppice freely, respond to pollarding, and preferably be able to fLx atmospheric nitrogen. 

PRESENT STATUS 

At presznt, the data base contains about 1,800 records on more than 700 species. About 50 
percent of the records carry site-specific information. Printouts on all records can be produced on 
request. In response to the many requests received, selective searches based on biophysical data 
provided by requesters and/or on uses required can be conducted; these will produce lists of species
matching the sites described and the uses demanded. These species lists are printed out as a result of 
a menu-driven search of the data base according to a single condition or a string of conditions. 

Drafts of so-called IMPTS summary sheets have been designed and can be printed out on any
species contained in the data base. They combine all accessions/records on any species in tabular form
(e.g., Table 1: geographic distribution. Table 2: climate, Table 3: phenology, Table 4: uses, etc.).
However, these summary sheets require further editing and improvement with regard to format and 
have therefore not yet been released. 

The computerized reference list is divided into three sections: 

(1) compendium-type literature; 
(2) specialized literature, research results, and species monographs,
(3) names and addresses of individual informants (site-specific records). 
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In addition to the MiPTS data base, another set of data bases has been established that deals withvarious aspects of MPTS germplasm, e.g., the addresses of seed suppliers (including other relatedinformation) and a list of species for which seeds and relevant information are reportedly available.This exercise has been conducted in preparation for the publication of a MPTS seed directory, which
is in press. 

One section of the germplasm data bases is a master list of MPTS. At present, it contains about1,400 species, which are described by their currently valid scientific species names and authorities. Inaddition, reported major uses for each species are listed. A more complete taxonomic nomenclaturewill shortly be achieved by adding family names and synonyms with the assistance of the Royal
Botanic Garden, Kew, U.K. 

The master list of MPTS also serves as a link to the MPTS data base by checking new speciesagainst the master list. Likewise, data collection information or literature searches will be added tothe master list. A summary of the MPTS data base process is depicted in Figure 1. 
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LIMITATIONS 

A distinctiqn has to be made between self-imposed restrictions and those based on current

information, which is continually changing.
 

Self-imposed Restrictions 

* response of MIPTS to tree-crop interface situations,
* socio-economic aspects of MPTS (other than indications obtained from evaluating related 
descriptors/information), 
* details on fuelwood production (yields) of MPTS, and 
* qualitative and quantitative growth performance of individual MPTS. 

The most important reason for these intentional 6 missions is that dealing with such aspects at areasonably comprehensive level would far exceed the inventory scope of a data base such as this one.
Specialized supplementary data bases, with different sets of descriptors, would be required to obtain 
satisfactory coverage. 

In the case of fuelwood production, many additional descriptors that cover circumstantialinformation would be needed to provide meaningful yield data (e.g., initial spacing, rotation period.minimum stem/branch diameter, etc.). Furthermore, yield data on many species grown in plantations 
or woodlots are already accessible (Webb et al. 1980). 

Descriptors relating to the growth performance of individual species were riot feasible. Because thegrowth performance of species with a wide ecological range will differ according to site conditions, it can therefore only be rated in relative comparison with other associated trees at any given site. There was good reason to assume that, with this prevailing complication, the response to respective
questions would be confusing and of doubtful informational value. 

Current Information Restrictions 

* The number of species contained in the data base include only a partial sample and exclude
 
others of actual or potential multiple uses.
 
6 For many species, only one or two records have been received and/or entered. Consequently,

the biophysical range that is given is often inadequate.

* 
 Yield data provided for products from particular MPTS (other than those grown for
 
fuelwood) often cover a wide range.
 

ONGOING AND FUTURE ACTIVITIES 

Enlarging the contents of the MPTS data base will remain the primary activity of the project.Efforts will be made to increase site-specific data representing a broad environmental range. Editing
the MPTS data sheet and the MPTS profiles will also receive high priority. These activities areexpected to be completed by early 197. Additional future project activities include designing andpublishing MPTS crop sheets (these will be updated and improved as needed), establishing acomputer program for the application of the rapid appraisal methodology for selecting priority MPTSby linking ipand using information in the MPTS data base (von Carlowitz 1984), and developing
standard methods for assessing MPTS yields for selected agroforestry subsystems. 
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With the increasing number of MPTS-related data bases that have been established in recent
years, duplication is increasing. Often these data bases have been established in isolation by
individuals and institutions unaware of similar activities elsewhere. Usually, no coordination has
taken place with regard to the types of hardware and softvare employed, the descriptors used, andformat and structure adopted. 
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This situation calls for initiatives to improve and coordinate present and future dvelopments indata collection and management. Therefore, vCRAF's MPTS data base project, with the financial
assistance of the GTZ, attempts to link together interested authors and operators of NIlPTS-relatedinformation data bases (see Figure 2). It is hoped that members of such an interest groupI will Meet
for annual workshops that would include: 

" presentations and demonstrations of data bases by the respective auithors/operators,
" discussions on improving the compatibility of data bases,
" highlights on enhancing efficient access to various data bases,
" exposing information gaps both in geographic and subject terms that are currently not covered
by existing data bases, 



78 GLOBAL RESEARCH NETWORKING 

0 identifying individuals and/or institutions capable of closing such gaps by setting up new data 
bases, and 
* discussions on adopting standardized models for data collection, storage, and retrieval
 
(Hackett 1983).
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Hardware and Software Systems for Data Management in MPTS Research 

Terence W. Linkletter
 

F/FRED Information Systems Specialist, Weyerhaeuser Company
 

In agroforestry, we depend on recorded observations of natural phenomena to develop andvalidate theory that can be applied to human well-being. We protect the data's maturation andtransformation into useful information as we work with it to discover and explain its relationshipswith other data in our analyses. We protect the resulting models, recording all their assumptions andresults, so that decisions can be based on what is not known as well as what is known. 

Whether you only process raw observations into models or go on to develop policy proposals, it isan intricate manufacturing process like any other. But this one requires a high degree of humanintellectual insight, agreement, and flexibility. 

DATA MANAGEMENT TOOLS 

As scientists, technicians, and managers of agroforestry production and applications, whose rawmaterial is data and product useful information, we need the most appropriate tools for data
processing, analysis, and information management: 
 computer hardware and software. These tools donot automate analysis, validation, model development, and decision making; however, because theyease the mechanics of handling the quantity of work, we can spend more creative effort on the quality
of those processes. 

Computer hardware and software help develop a good relationship between you and your data.
They help your data mature into useful information, and help you understand and communicate to
others its meaning. Computer hardware is dormant until, by loading software into it, you awaken it
with a personality. If you choose older, poorer software, your computer's personality will be hard to
deal with. But with carefully chosen software, the same computer will be surprisingly useful and
flexible, helping you manipulate data in any way you choose.
 

Computer software transforms your hardware into any number of instruments (see Figure 1). Witha statistical analysis package, your computer functions as a microscope and an x-ray machine forseeking the underlying relationships in data. When the DBNIS is in control, the computer acts like asonar search device and a skillful surgical tool. As a word processor, it becomes a notepad, ideaorganizer, automatic spelling dictionary, and a typewriter where no erasure is ever seen and wherecutting and pasting is fast and seamless. With a communications package (and a phone line and somehard currency), your computer isyour link to forestry researchers worldwide. With a spreadsheet orother modeling software, the computer car become a powerful tool to evaluate 20 years of standgrowth or map an agroforestry system, showi,-g the flow of individual expenditures and earnings. 

Today, most useful computer tools are micro-based and truly compact, i.e., inexpensive, the size ofnotebooks, and battery operated. A micro-computer configuration appropriate for most forestryresearch work costs a few thousand U.S. dollars. 

The role of the mainframe computer is fast changing. It is becoming a machine with which yourpersonal computer can communicate when a query to a large, current data base is required (e.g., abibliographic search) or when a complex calculation would take too long to do locally. 
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Market forces and micro-computer flexibility have encouraged major investment by developers in 
compatible hdware and software that is powerful, easy-to-learn, and enjoyable to use. In confrast to 
mainframe computers, the software tends to work cooperatively on a given micro. Statistical 
packages, such as STAN, work directly with data from the most popular DBilS and with tihe mostpopular spreadsheet modeling facility even though all are produced by different firms. 

The computer can help us in measuring, recording, verifying, reducing, and analyzing our data. It 
makes it easier for us to keep our work organized. It gives us a means of quickly communicating data 
and results to colleagues and decision makers. It lets us effectively develop and validate models of 
interest and then perform sensitivity analysis on different variables under our control. Using software 
packages, we can show our results in graphic form automatically. We can quickly change the form and 
content of the displayed results. The effect on our research and its application is revolutionary. 
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Observing and Recording Phenomena 

Most forestry observations must be done by humans without the help of computers. Still,automatic microprocessor-based data real-time measurements systems do receive a fair amournt ofuse from tropical zone forest services and forest products firms for such things as stream-flowmeasurements and hygrometric humidity measurement. About once each week, a forester will extractthe nicely recorded data cassette from the measurement, put in a fresh cassette, and replace batteries.Back at the office, the recorded cassette will be read into a computer for interpretation, and its dataplaced in the ongoing monitor file. Similarly, those researching the micrometeorological effects ofsunlight on the growing tree (and effects of the tree's shade on surrounding plant life) use automaticphotoelectric equipment to measure changes in intensity and quality of light during the day. 

There is also the automatic measurement from satellites of the earth's reflectivity of visible andinfrared electromagnetic frequencies. This data is transmitted to earth where it is recorded,organized, and made available to clients wishing to purchase it. By using sophisticated but easilyapplied computer analysis techniques and ground verification surveys, foresters can reliably interpretthe slight reflectivity variations measured by satellite as indicating tree cover, kind of tree, and even 
tree health. 

GIS technology based on this constantly updated global information bank is now available even formicro-computers for such uses as timber inventory and stand management or land-use mapping.Previously, the approximately 75-meter resolution of the U.S. Landsat satellites was insufficient formany applications. But this year France's SPOT satellite was launched and has begun scanning theearth at 10-meter resolution. Agroforestry and MIPTS studies may benefit. Devine and Field (1986)discuss GIS technology based exclusively on hand input of information from maps. 

A more common form of computer-assisted data collection is the use of hand-held microprocessorequipment to help record and sometimes even measure data. Available for general use are watertight,single-handed keypads on which numbers can easily be entered in the field. Software is available thatcan be loaded into these hand-held recorders in the office and started when the site is reached. 

One such software program, developed by the Ontario Ministry of Natural Resources (1986) firstasks for plot number and the repetition number for tle first plot in the trial, then asks for the heights
and diameters of individual trees. If a numbcr entered is not within a reasonable range, the program
will ask if the operator made an error in measurement or in entering the number, ther,accepts the
operator's correction. Similar programs can be written for any given data-collection activity. It is also
possible to plug into the hand-held iecorder a pair of large calipers for diameter measurement so that
the measurement is automatically entered into the recorder's memory when a button on the calipersis pushed. At the end of the day, data is transferred from the hand-held recorder's memory ta files or
a data base on the computer where the field data is stored for analysis.
 

This use of technology is fascinating, but in many cases impractical. Wherever we rely on fieldpersonnel to record data on clipboard forms, training is extremely important. Nc only must theobservation methodology and measurement techniques be well-understood and carefully executed byeach technical assistant, but so must the data-recording process. Completeness, correctness, andconsistency at this stage are the keys to any future useful analysis. 

Verification 

At this stage, we ensure that the data is in computer-usable form (e.g.. that it is recordedcomputer disk file). We on a assure that the data is properly organized for analysis and reporting. (thisusually meanS the data is placed in tables, with a row [or record] for each observation and a column[or field] for each variable in the observation.) We also make certain that the data values have been 
verified. 
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If we are fortunate enough to use tools whose main job is data collection, they probably also 
organize and verify data, along with recording it in computer-usable form. The consequent increase in 
data reliability is often the most valuable reason for using such equipment. 

However, most forestry observaticais are entered by pencil on printed forms. Back at the office,
they must go through a separate data entry phase where errors can creep in. When errors that 
occurred in the observation phase are discovered during verification, it is much harder to find out 
what the correct values should have been. But there isgood technology now available for minimizing
these problems. No longer does the key board entry person have to get numbers right-justified in 
certain columns. No longer is an out-of-range number discovered only long after it has been entered. 

Good DBMS now provide flexible data entry capabilities. They display on the screen a form to be 
filled in. When the data-entry person mistakenly attempts to j!ace a disallowed character in any field 
(as determined by the data base administrator), the computer complains and waits for a correction. 
And the data base administrator can see that range checking is done on the input values, both with
absolute ranges (e.g., to make sure an unreasonable diameter is noted) and with value relationships 
(e.g., to make sure a diameter is reasonable with respect to the corresponding height). 

The statistics package we recommend works well with the DBMS to extract tile newly entered data 
set and permit the researcher to perform a scattergram display so that outliers can be investigated
before the data is granted confidence. In the end, it is the researcher who owns the data set. And 
although the verification stage is tedious, it is the key to successful analyis. 

Model Analysis 

The goal of model analysis is data synthesis. Whether the result is an inventory data base 
containing a useful abstraction of timber holdings, an equation set that reliably predicts tree taper
from a few dimensions, or a continuous simulation of nutrient cycling during stand life cycles, the 
computer at thi, stage has long been essential, even when the only choices were large and expensive.1 

Looking more specifically at the global MPTS model that could be developed, cooperators may

determine here that the appropriate goal is a product-yield model showing growth over time as a
 
function of species (and in some cases provenance), soil, climatic conditions, and
 
management/treatment.
 

This can be accomplished in each country by entry of the different streams of data through screen
based forms to tables in a DBMS, local analysis of data and in common with a compatible statistical 
analysis system, and model development under the DBMS or using a programming language. The 
F/FRED networks could organize the software and means of communication and sharing of 
information at all levels using micro-computers. 

Analysis for Decision Making 

Ideally, this model could be coupled with a farmer's actual soil, climate, and projected product
needs to derive recommended species, quantity, and management strategy. On a macro level, it could 
be coupled with nationwide GIS information to help a nation determine its land-use policy. 

A large U.S. forest products company has for over a decade maintained an up-to-date,
computerized inventory data base of its holdings, relating spatially the stand and land-use status 
information to site characteristics and legal, mineral, transportation, topographic, and other overlays
of interest. By itself, the data base is only a model of the status quo, a carefully digested collection of 

ISee the referenced FORS 1986 literature for information on software packages available for general and specific 
forestry-related modeling in all disciplines. 
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of interest. By itself, the data base is only a model of the status quo, a carefully digested collection ofstatic information. But using the surrounding communication/reporting/mapping capabilities, it has 
been a useful MIS. 

This company recently joined this GIS to a complete economic model of stand product cost and
value, forming a true decision support system. This model subsumes and 
uses the results of moredetailed models of merchandiser decisions, og-to-lumber conversion, production models ofplywood/composite product and pulp mill operations, a transportation distance/cost modlqharvesting time/cost model, a nursery and planting model, and growth/yield models. As a result, anypredicted mix of market demand for products can actually be traced back to appropriate stands formeeting the demand. Near- and mid-term harvest and timber purchase planning can be globallyoptimized. Strategic decisions on planting, mill construction, and land purchase can be analyzed
directly based on different geographic market scenarios. 

This complex model runs on a ,,mainframe computer, but has summarized spin-offs on microcomputers for specific kinds of anialysis. It delivers one clear warning to scientists: keeping this modelup-to-date with the state of knowledge in the many research disciplines is as important as keeping thei.ventory data base up-to-date. Results of new research in all areas are periodically placed within themodel, which then organizes this knowledge. Specially selected harvests are periodically accountedfor, with every piece of each t.: t-aced to graded lumber or other products or to hogfuel or waste sotrue yield can be measured by vrc. and location on the tree. 

A decision support system need not be this complicated. The simple, flexible, row-and-columnspreadsheet (with the proper data and function calculations) can allow quick graphic comparison ofthe potential iesults of different decision options (see Figure 3). 
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At the University of Florida, Duane Dippon has neatly integrated the simple-to-use spreadsheet
technology with an economic model of timber yield and wildlife management developed at the 
Tennessee Valley Authority. The theoietical model provides econcmic results for alternative 
management regimes of the user's choice. The spreadsheet takes these and makes comparison clear,
optimizing the overall objective of the decision maker. A neatly interactive knowledge-based decision 
support system currently being developed at North Carolina for forest management is the CHAMPS 
(Rauscher, Saha, and Robert 1986). 

The decision support system is but a tool. The human still must identify the problem to be solved,
conceive and formulate alternative solutions, and determine the criteria by which the "best" solution 
can be recognized. From here, it may be possible to build expert systems that embody the human 
expert's reasoning on those issues. Expert systems do cu, -ntly exist outside forestry in specific,
complex areas, which piecemeal are well-understood (e.g., configuring a mainframe computer system 
to meet a given customer's requirements). 

Two difficult areas in expert systems development are 1) defining a tractable problem area for
which human expertise is to be captured and reproduced so that tile area has both clear boundaries 
and solutions free of political influence and 2) knowledge transfer--translating the expert's knowledge
into logical rules of sufficient completeness. The well-defined computer configuration system referred 
to above took two years and hundreds of thousands of dollars to reach a satisfactory level of 
reliability. Computer scientists now have better knowledge transfer systems in different stages of
 
experimentation. But in forestry, most decisions involve 
some intangible, subjective elements and are 
surprisingly hard to quantify completely. This is especially true in the public sector. For the present, 
forestry can treat expert systems as a potential for the private commercial forest products industry,
 
and there only within decision areas of narrow scope.
 

CHOOSING A COMPUTER 

At this point in tile history of computer tools development, I can personally make this strong
recommendation: the best choice for a general-purpose forestry research computi.- for tile 
immediate future is the IBM PC/AT compatible. This often-heard term refers to any computer that 
can run the same software, accept the same hardware additions, and interact with tile user in the
 
same way as does the IBM PC/AT. Many are available from manufacturers in various countries for
 
under U.S. $2,000.
 

A good second choice would be one of the IBM PC compatibles. This older design is now
extraordinarily inexpensive--many such computers cost well under U.S. $1,000. These machines 
currently use the same DOS software environment as the PC/AT compatibles. But they do have 
important limitations that will prevent them from using the next generation of software environment. 
Even then, it will still be relatively easy to transfer data betveen these computers. 

If you need a very fast PC/AT compatible, you may consider the new computers based on the Intel 
80386 processor. But these are expensive, and their potential hardware performance is not expected
to be fully tapped by software until the end of this decade. By then the hardware price will have fallen 
considerably. For many specific purposes, there are other quite different computers considerably
better than the IBM compatibles. It is advisable to study the options as your requirements become 
clear. 

You must select those software packages that fit your computer needs and additional hardware
items, such as a printer, disk drives, graphics output device, and a monitor with the kind of screen you 

This is the author's opinion and does not necessarily reflect policies of Winrock, F/FRED, USAID, CATIE, or 
Weyerhaeuser. 
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need. Refreshing is the fact that no nation has a monopoly on compatible computer technology. Forexample, my own personal computer was made in Korea using chips and components made in
Malaysia, Taiwan, and Japan. 

Ask us for recommendations in these areas, and we will be glad to help. Your data is your rawmaterial. To be productive, you have to correctly manage that data. By knowing your needs, we cansuggest the tools to make your job easier--one of the goals of the F/FRED global research 
component. 
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Appendix I 

Framework of the F/FRED Research Network 

Para 1: Membership 

1.1 Membership in the F/FRED Research Network, hereafter referred to as the Network, shall beopen to Asian forestry departments, forestry and agricultural research institutes, schools of forestry,forestry or agricultural colleges or universities that have signed or have expressed the intention ofsigning a Memorandum of Understanding (MOU) with Winrock International Institute forAgricultural Development (hereafter referred to as Winrock) or which participate in any F/FREDresearch activity through the Lead Institution in a country. A sample MOU is attached. 

1.2 Observer status in the network is open to institutions that are invited to attend meetings ofthe network or to exchange information with network members. 

Para 2: Organization 

2.1 The governing body of the F/FRED Research Network is the Network Steering Committee.The Steeiing Committee is composed of a representative from the Lead Institution from eachparticipating country. A Lead Institution is a member institution from a country chosen by themember institutions from the country to represent them. 

2.2 The Lead Institution in each country shall act as a coordinator of F/FRED activities within thecountry, and keep all member institutions in the country informed on F/FRED activities. 

2.3 Other member institutions could be invited to be members of the Network Steering

Committee, if considered necessary.
 

2.4 The F/FRED Research Network shall be deemed established when sL, (6) institutions have
signed the MOU. 

2.5 The Steering Committee could invite specialists to advise the Steering Committee as and when
considered necessary. 

2.6 The Steering Committee shall oversee the activities of the Network through Research
Committees which shall be formed by the Steering Committee as and when necessary. Initially, there
shall be two Research Committees, namely the Multipurpose Tree Species (MPTS) Research
Committee and the Land and Forest Management Research Committee.
 

2.7 The Steering Committee shall appoint appropriate scientists from member institutions to bemembers of Research Committees, taking into consideration country representations and expertise
required. 

Para 3: Rules and Terms of Reference of the Steering Committee 

3.1 The Steering Committee shall meet annually or as needed. Meetings of the SteeringCommittee shall be called by the Network specialists at the F/FRED Coordinating Unit at Kasetsart
University in Bangkok. 

3.2 The Steering Committee shall elect a Chairman for each meeting from among its Asianmembers. The F/FRED Coordinating Unit shall provide secretarial support. 
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3.3 Decisions of the Steering Committee shall be by a majority of at least two thirds of members 
present at any meeting. 

3.4 The Steering Committee shall: 

a) plan Network programs 
b) review progress of Network activities 
c) guide and assist the Network specialists in Network activities 
d) promote Network programs and activities 
e) establish Research Committees and be responsible for their performance
f) approve annual Network activity reports
g) promote linkages with other related networks 
h) carry out other functions as deemed necessary to implement F/FRED programs 

3.5 Network specialists at the Network Coordinating Unit shall be members of the Steering

Committee.
 

3.6 Chairmen of Research Committees shall be members of the Steering Committee. 

Para 4: Rules and TOR of Research Committees 

4.1 Research Committees shall report and be responsible to the Steering Committee. 

4.2 The Chairmen of Research Committees shall be appointed by the Steering Committee. 

4.3 Research Committees shall meet regularly as and when required. 

4.4 Research Committees shall (for their own fields): 

a) plan research studies 
b) review and approve research studies 
c) coordinate research and other relat, ' activities 
d) ensure that standard methodologies are used in research and other activities 
e) ensure that research reports are submitted when due
0 carry out any other functions as deemed necessary to ensure that success of F/FRED

activities 

Para 5: National Policies 

The implementation of the F/FRED Research Network framework shall take cognizance of 
national policies. 

Para 6: Changes to the Network Framework 

The Steering Committee may make changes to the Network Framework as and when considered 
necessary. 



Appendix 11 

Annoucement of Establishment of a Research Network for MPTS 

More than 60 forestry research and information specialists from 10 countries of Asia and theUnited States, meeting at the Ambassador Hotel in Bangkok, Thailand September 24-27, took actionto establish a research network for MPTS. They did this after reviewing benefits expected to ariseform such networking. Anticipated benefits include improved information management and systemsfor control and validation of experimental data form field trials. 

The network, to be known as the F/FRED Research Network, came into being as participants inthis week's workshop witnessed the sixth cooperating Asian research institute sign a Memorandum ofUnderstanding adhering to membership. 

The network was recommended by an ad interim planning group of Asian forestry researchscientists. That group, along with international agencies active in forestry research, have proposedexpanding productivity and availability of improved fast-growing tree species for fuelwood and otherhousehold and commerc.al uses by rural framers. 

Winrock International, a U.S.-based not-for-profit technical assistance institute for agriculturaldevelopment, provides secretariat, technical, and staff support and administers a small grants
program to facilitate network activities. Funding for this has been provided for an initial five-year
period by the Agency for International Development (AID), Washington.
 

Network membership and/or observer status is open to Asian forestry departments, forestry andagricultural research institutes, and schools of forestry and agiiculture. This week's workshop
participants drafted and adopted 
an organizational framework for the network. 

A Steering Committee was c; ;iced to provide overall direction and plan network programs. Thenetwork offices, staff and communications faci!ities are located on the campus of Kasetsart Universityin Bangkok, the host institution for headquarters of the network. 

Much of the work of the inaugural meeting was devoted to defining the research agenda, adoptingtree species appropriate for network research and examination of techniques for collection storage,sharing and utilization of the large volume of data to be processed through the network. The networkwill make use of state-of-the-art micro-computer hardware and software to support a DBMS
designed for the network. 

With due regard to proprietary interests, data is to be shared on a global basis with other nationaland international organizations, and to provide ready access to many established data bases ofinterest to network members. Expertise for design of data sets and information management systemsis being provided by specialists form the University of Hawaii. Implementation of research networkactivity is expected to draw upon consultants from the Asian region, as well as from cooperating U.S.
schools of forestry. 

A fi4il
day of the workshop was devoted to coordinating experimentation for developing predictivegrr, -,
models. Equipment and computers for the demonstrations of computer application were
made available courtesy of IBM Thailand. 

Activities of the network wiil be carried out through research committees designated by theSteering Committee. Dr. Salleh Nor, Director General of the Forest Research Institute of Malaysia,was elected as the first chairperson of the Steering Committee. 
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The Steering Committee designed two Research Committees: Multipurpose Tree Species (MvPTS)
Research Committee and the Land and Forest Management Research Committee. These
committees focus attention respectively on the biophysical and the socio-economic dimensions of 
achieving the network objectives. 

Future activity of the Land and Forest Management Research Committee will be concerned withappiication of biological improvements through village-level outreach and extension programs. This
will require multidisciplinary interaction between biological and social scientists and economists
based on a broad knowledge of sites and local conditions. In addition to developing a betterunderstanding of conditions under whicl, local communities and private individuals will choose to
adopt the improved MPTS species, this group will examine the environmental implications and 
benefits of various MPTS species. 

Next steps in implementing the network program will be a meeting of the MPTS Research
Committee scheduled to be held in Kepong, Malaysia in December of this year. At this meeting, finaldecision will be reached on the data sets to be used for experimental trials and arrangements will beconsidered for selection and processing of germplasm and other requirements for field trials in 1987. 

A field trip to MPTS provenance trials and community forestry sites in Thailand was useful inconstructing plans for the F/FRED network trials. On a day's visit to these sites, the workshop
participants were able to review a large selection of multipurpose tree field trials involving species of
interest to the new research network (see Appendix III). 

The new research network builds upon work by the International Union of Forestry ResearchOrganizations (IUFRO). Specifically, a set of recommendations arising from a meeting of IUFRO
members in Kandy, Sri Lanka in 1984 has provided the basis for network activities. The new networkis also designed to complement other research networks and activities of a number of multilateral
and bilateral agencies that provide assistance in forestry development programs in the Asia region. 



Appendix III 

Field Trip Summary 

The Forestry Networks workshop included a one-day field trip to MPTS provenance trials andcommunity forestry sites in the Chachoengsao Province of Thailand, which helped in constructingplans for the F/FRED network trials. Workshop participants were able to review a large selection ofMPTS field trials involving species of interest to the new research network. Observations were madeof a Casuarinaplantation; multispecies agro-ecosystems; private-sector Eucalyptus plantations andnursery production technology; a community forestry program with Eucalyptus, Leucaena, andAcacia; and a home garden and living fence with over 30 MPTS. Provenance trials of Acaciamangium and Eucalyptuscamaldulensiswere observed as was the coppicing ability of Eucalyptuscamaldulensisafter different periods of harvesting. Lectures were presented on private andcommunity forestiy programs by members of the Kasetsart University Faculty of Forestry. 
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Appendix V 

F/FRED Forestry Networks Workshop 

Program 

Wednesday, September 24 

Welcome and Introduction 
8:30- 8:40 am Welcome (Rector Sutharm Areekul) 

8:40- 9:00 am F/FRED Project Overview 
Planning Leading to F/FRED (Iin Morison)
Development of F/FRED in Asia (Robert Ichord) 

9:00- 9:20 am Steering Committee Reports (Salleh M. Nor) 

9:20- 4:40 am LFM Network Update (William Hyde) 

9:40-10:00 am NIPTS Network Update (Robert Dixon) 

10:00-10:20 aml Global Research Team Update (Foster Cady) 

10:20-10:40 am Colfee Break 
10:.40-11:20 am Regional Opportunities libr Networking: The FRIM Experience (Sallch M. Nor) 

11:20-12:00 Survey Methods to Determine Research Priorities: A Thai Case Study (Surce Bhluibhanion) 

12:00- 1:30 pm Lunch 

1:30- 2:00 pin Planning and Implementing MPTS Field Trials (Kenneth MacDicken) 

2:00- 2:30 pmn MPTS Provenance Trials (James Brewbaker) 

2:30- 3:00 pm Opportunities (br MPTS Biotechnology Research Networking (Robert Dixon) 

3:00- 3:30 pm Coffee Break 

3:30- 4:00 pm Integrating the Social Sciences into MPTS Research Networking (William Bentley) 

Thursday. September 25 

Electronic Intormation Management 
8:30- 9:15 am Overview of DBMS For MPTS iDietmar Rose and Fo.ter Cady) 
9:15- 9:45 am Hardware and Software Systems lor Data .Management in MPTS Research (Terence Linkletter) 
9:45-10:00 am Coffee Break 

10:00-12:00 Small Group Discussion Questions 

12:00- 1:30 pm Lunch
 

1:310-
3:00 pm Small Group Reports 

3:00- 3:30 pm Coffee Break 

3:30- 5:00 pm Small Group Discussion of MDS Needs and Methodologies 
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Friday, September 26 

7:00- 6:30 pm Field Trip to Review MPTS Provenance Trials and Community Forestry Program 

Saturday, September 27 

8:30- 9:00 am Memorandum of Understanding (Robert Dixon) 

9:00-10:00 am Documentation Center Establishment (Norma Adams) 

10:00-10:30 am Coffee Break 

10:30-12:00 Network Implementation Procedures 
Small Grant Guidelines (Robert Dixon. William Bentley. and Kenneth MacDickent 

12:00- 1:30 pm Lunch 

1:30- 2:00 pm Establishment of MDS (Foster Cady) 

2:00- 3:00 pm Planning Sessions for Future Network Activities 

3:00- 3:30 pm Coffee Break 

3:30- 4:00 pm Summary 


