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PREFACE 
 
The research project ASEM/2003/052 – Improving financial returns to smallholder tree 
farmers in the Philippines – funded by the Australian Centre for International Agricultural 
Research, was carried out in Leyte in the Philippines over the period 1 January 2005 to 31 
December 2008. It was the third of a series of four ACIAR smallholder forestry projects. This 
so-called ‘tree farm project’ had a broad range of components, including: developing 
methods for inventorying trees on farms and timber yield prediction; investigating methods of 
improving timber marketing, including examining the activities of timber processors; 
assessment of the socio-economic circumstances of smallholder tree growers; investigating 
appropriate agroforestry systems; developing information, education and communication 
packages and monitoring their impacts; and examining options for forestry policy reform, in 
particular in relation to tree registration and related regulations. A systems approach was 
adopted in the project, designed to integrate the various research components so as to 
identify measures by which smallholder forestry could be supported and profitability 
increased, and hence rural livelihoods improved. 
 
A large research team was involved in this project, including researchers from Australia (The 
University of Queensland, Southern Cross University and the Queensland Department of 
Primary Industries) and the Philippines (Visayas State University and the Department of 
Environment and Natural Resources, Region 8). John Allright Fellowships were obtained for 
a PhD and an MPhil student to work on related projects, based in the School of Integrative 
Systems at The University of Queensland. 
 
The end-of-project workshop for the ‘tree farm project’ was held at the Sabin Resort Hotel, 
Ormoc City, Leyte, over 11–12 February 2009. Delegates at the workshop were drawn from 
the research team, the Philippine Council for Agriculture, Forestry and Natural Resources 
Research and Development, the Ecosystems Research and Development Bureau Los 
Baños, Local Government Units and the Philippines National Oil Corporation. The workshop 
papers were presented under five themes – tree inventory and yield modelling, field trials, 
the socio-economic survey, the timber enterprise survey and market modelling, tree 
registration and harvest and transport approval, and forestry extension and policy – and a 
total of 27 research papers were presented.  
 
The workshop, and indeed these Proceedings, have been designed to make the research 
findings available to a wider audience, to contribute to policy formulation and governance in 
support of smallholder forestry. Further details of the research findings are available in 
papers in various issues of the journals Small-scale Forestry, Agroforestry Systems and 
Annals of Tropical Research. In producing these Proceedings, we would like to thank the 
various contributors of the papers included, and particularly to acknowledge the funding 
support and encouragement of the Australian Centre for International Agricultural Research 
during the four-year project life. 
 
Steve Harrison, Annerine Bosch, John Herbohn and Eduardo Mangaoang  
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1. WORKSHOP OBJECTIVES AND PROGRAM  
 
Steve Harrison 
 
INTRODUCTION 
 
ACIAR project ASEM/2003/052 – Improving financial returns to smallholder tree farmers in 
the Philippines had a ‘start date’ of 1 January 2005, and was scheduled to finish in 
December 2007, but the ‘finish date’ was extended to December 2008. The main agencies 
carrying out the ‘smallholder tree farm project’ had been The University of Queensland and 
the Visayas State University, with Professor Jerry Vanclay and RTD Edilberto Nasayao as 
collaborating scientists from collaborating organizations (Southern Cross University and 
Department of Environment and Natural Resources, Region 8, respectively). 
 
Within the overall objective of carrying out research to reduce poverty and improve the 
welfare of smallholder tree farmers, there were a number of project objectives:  
 
Objective 1: Assist DENR to overcome policy implementation constraints to tree registration 

and log transport currently restricting access to markets 
 
Objective 2: Assist smallholder tree growers to satisfy market requirements and improve 

productivity 
 
Objective 3: Identify and promote livelihood systems and policies which incorporate forestry 

and which recognise the socio-economic circumstances of smallholders 
 
Within these objectives there were a number of sub-objectives, defined under ‘Outputs’ in 
the project document. 
 
WORKSHOP OBJECTIVES 
 
An end-of-project workshop is a normal event for an ACIAR project, and often takes place 
(as in this case) after the finish date of the project. End-of-project (EOP) workshops have a 
variety of objectives and serve a variety of functions. In general terms, this workshop was 
designed to capture and summarize the main findings of the ACIAR tree farm project. 
However, it must be noted that there were other objectives, and that some research can be 
expected to continue after the project finish date. The objectives of the smallholder tree farm 
project may be described as follows1: 
 
Validation of research findings. The workshop exposed the research findings to the judgment 
of an ‘expert group’ (of workshop delegates) and hence provided some critical review of the 
findings. This has been reinforced by reviews of papers undertaken in the preparation of 
these workshop proceedings. 
 
Technology transfer. Perhaps the most important reason for holding an EOP workshop is to 
serve as a vehicle to report or disseminate the findings of the research activities. There is no 
point in carrying out research, no matter how technically excellent, unless the results of the 
research are made available for adoption in policy or practice. More generally, the project 
findings need to be presented to the various stakeholder groups, including government 
                                                            
1 Some of the detail presented here draws on workshop objectives set out for other ACIAR projects, 

including the smallholder forestry project (ASEM/2000/088 – Redevelopment of a Timber Industry 
Following Extensive Land Clearing). 
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agencies – notably the DENR and local government units (LGUs) – other research agencies, 
and potential adopters of the technology. 
 
Providing an impetus to finalising research and writing up findings. It is often a failing of 
major research projects that the findings are not well documented. Holding an end-of-project 
workshop imposes some discipline on the project participants, in terms of summarizing their 
research activities and findings in a form which can be communicated to a wider audience. 
 
Reflection and review. An EOP workshop provides an opportunity to reflect on what has 
been achieved, draw together the various threads of information, and highlight where the 
major successes are, and where gaps in knowledge remain. The achievements of the 
project team, in terms of both additional outputs and shortfalls of the research program 
relative to the initial plans and stated objectives are also highlighted.  
 
Providing a non-perishable and widely available documentation of research activities, 
experiences and findings, accessible to a wide audience. The usual output from an EOP 
workshop is a set of proceedings or monograph containing copies of the various 
presentations. This provides a readily accessible set of papers on the research, as a 
permanent record that is available to a wide audience, including administrators and future 
researchers. Even though in-house papers may be prepared, this ‘grey literature’ can be 
difficult or impossible to access by researchers involved in similar topics, hence the 
knowledge is lost, or the research repeated leading to inefficient use of scarce research 
funds. Nowadays, workshop papers can be more accessible than in the past, in that they 
can be placed on a web site. In fact, all of the publications from the ACIAR tree farm project 
are placed on a web site of the UQ School of Integrative Systems, at 
www.uq.edu.au/treefarmer.The workshop papers may also become drafts for journal articles. 
Going on to the stage of journal publication provides a further peer review and critical 
validation of the research and findings. Journal publication is also critical for the professional 
advancement of project researchers. 
 
Demonstration that public funds have been used appropriately. As an exercise in 
accountability, an EOP workshop demonstrates that the funding by governments has been 
well spent, and new knowledge has been generated and new techniques developed.  
 
Providing a basis for planning further research activities. By taking stock of where research 
has progressed to, and what the limitations of the research and gaps in information are, an 
EOP workshop can be a valuable precursor to planning new project work. At this stage it is 
not clear whether ACIAR will support a follow up project to the tree farm project, but we 
would like to think this is possible. 
 
Preparing the final report of the tree farm project to ACIAR. It is a requirement of ACIAR 
projects that final reports be provided on the achievement of the projects they fund, and this 
of course, applies to the tree farm project. The proceedings of the EOP workshop – along 
with other publications including special issues of Annals of Tropical Research and papers in 
Small-scale Forestry and Agroforestry Systems – will be a major component of this final 
report. 
 
THE WORKSHOP PROGRAM 
 
As per the workshop program, the sessions were divided according to six themes: 
 

1. Tree inventory and modelling yield and timber production 
2. Field trials 
3. The socio-economic survey 
4. The timber enterprise survey and market modelling 
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5. Tree registration, harvest and transport approval 
6. Forestry extension and policy 

 
PRESENTATION ARRANGEMENTS 
 
To some extent, the workshop was an exercise in showcasing research activities and 
findings, rather than of ‘workshopping’ or holding group discussions on research. In that 
about 29 papers were presented in two days, the workshop had a tight schedule. However, 
an important function of the workshop was to obtain critical feedback to validate the research 
activities and the findings reported.  
 
PUBLICATION PLANS FOR WORKSHOP PRESENTATIONS 
 
Ideally, all presentations from the workshop would be included in the proceedings. In 
practice, some authors have been not able to provide a paper within the publication 
timelines. The PowerPoint slides have been compiled on a DVD along with an electronic 
version of the proceedings. 
 
It is anticipated that a number of selected papers, after further review and revision, will be 
published in Annals of Tropical Research or other journals.  
 





2. NATURE AND OBJECTIVES OF ACIAR 
PROJECT ASEM/2003/052: IMPROVING 
FINANCIAL RETURNS TO SMALLHOLDER 
TREE FARMERS IN THE PHILIPPINES 

 
John Herbohn and Steve Harrison 
 
 
This paper provides an overview of ASEM/2003/052 – Improving Financial Returns to 
Smallholder Tree Farmers in the Philippines funded by the Australian Centre for International 
Agricultural Research (ACIAR), which commenced on 1 January 2004 and ran until 31 
December 2008. ASEM/2003/052 involved a series of interrelated research activities 
investigating measures to improve financial returns to smallholder tree farmers in the 
Philippines. This paper discusses the main drivers for current low returns to smallholders 
that have been identified from research and extensive consultations with stakeholders. In 
particular, the effects of regulations on market access and product quality appear to be the 
dominant constraints on smallholders receiving higher returns from their existing tree farms. 
The paper then outlines the general research strategy that was developed to address these 
constraints by improving the implementation of policy, helping smallholders access markets 
and through longer term policy initiatives.  
 
 
INTRODUCTION 
 
Most upland farmers in the Philippines have incomes below the poverty line. Timber 
production from smallholder tree farms provides a mechanism for income generation and 
capital accumulation. However, current returns to smallholder tree farmers are low, for a 
variety of reasons. Research conducted as part of a four-year project funded by the 
Australian Centre for International Agricultural Research suggests that tree farmers could 
receive much higher financial returns from their tree farms if they had better market access 
and knowledge of prices, produced greater volumes of timber per unit of cost, and could 
better produce timber of appropriate species, log size and quality as desired by the market. 
In order for smallholders to access markets they must first obtain log transport permits and 
sometimes harvest permits. In order to do this, they must first register their tree farms with 
the Department of Environment and Natural Resources. There are many institutional 
impediments restricting the ability of farmers to register trees, and hence these act as a 
barrier to them gaining access to markets, thus restricting timber sales to local markets, 
which are often thin and non-competitive. In addition, many smallholders lack information 
about how and where to market their trees, and also lack knowledge of the current market 
value of their trees. For these reasons, they often accept the first offered, and often low, 
price for their timber. Smallholders also lack knowledge about what the market requirements 
are for timber and as a result do not manage their tree farms to optimize the output of these 
desired products. This paper first discusses the factors that contribute to low returns to 
smallholder tree farmers and then discusses strategies that have been employed as part of 
the ACIAR Tree Farm Project. 
 
ACIAR Project ASEM/2003/052 – Improving Financial Returns to Smallholder Tree Farmers 
in the Philippines – commenced on 1 January 2005 and ran for four years until December 
2008, with an end of project workshop being held in February 2009. The project was 
designed to improve the livelihoods of smallholder farmers in Leyte Province through 
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investigating ways of improving financial returns from forestry, and promoting the adoption of 
these improved management methods. 
 
Forest industry development for both economic and environmental reasons is a high priority 
for the Philippines, as indicated in the Revised Master Plan for Forest Development (Revised 
MPFD) issued by the Department of Environment and Natural Resources (DENR) in 2003. 
In particular, the role of forests and forestry in poverty eradication and support of sustainable 
livelihood has been recognised in the Revised MPFD as being one of the important new 
developments in forestry in the Philippines.  
 
Currently in Leyte, the twin problems exist of shortage of timber hence reliance on imports 
from other provinces and countries, and slow uptake of forestry in spite of availability of 
underutilized sloping lands. Forest industry development warrants high priority in Leyte 
Province. Plantings are carried out for production forestry, limited harvest and conservation 
purposes, which are all considered important under the Revised MPFD. At the farm and 
community level, this generates a timber resource for on-farm use, sometimes provides a 
supplementary income, and creates opportunities for value-adding from log timber. At the 
wider community level, forestry expansion will provide environmental benefits, reduce 
pressure for logging of native forests and unnecessary cutting of mature coconut trees, and 
reduce reliance on timber imports from other regions or other countries. 
 
This paper discusses the various strategies for improving financial returns to smallholders 
that were investigated under ACIAR project ASEM/2003/052. The context of this project is 
first outlined, including a discussion of how the results of past research and consultations 
with key stakeholders have guided the development of the project. The specified goals and 
objectives of ASEM/2003/052 are then outlined and the research strategy discussed. The 
three main areas of focus – policy implementation-related activities, helping smallholders 
access markets and longer term policy initiatives – are then discussed in detail.  
 
PROJECT CONTEXT 
 
The current project follows from ASEM/2000/088, which identified the social, economic and 
policy requirements for the facilitation of smallholder and community forestry in Leyte 
Province. Research undertaken as part of ASEM/2000/088 suggested that Leyte tree 
farmers could receive much higher financial returns from their tree farms if they had better 
market access and knowledge of prices, produced greater volumes of timber per unit of cost, 
and could better produce timber of appropriate species, log size and quality as desired by 
the market. In order for smallholders to access markets they must first obtain log transport 
permits and sometimes harvest permits. In order to do this, they must first register their ‘tree 
farms’ (i.e. plantation areas) with the DENR. There are many institutional impediments 
restricting the ability of farmers to register trees, which act as a barrier to them gaining 
access to markets, thus restricting timber sales to local markets, which are often thin and 
non-competitive. In addition, many smallholders lack information about how and where to 
market their trees, and lack knowledge of the current market value of their trees. For these 
reasons, they often accept the first offer, often at a low price, for their timber. Smallholders 
also lack knowledge about what the market requirements are for timber and as result do not 
manage their tree farms to optimise the output of these desired products.  
 
Findings of the survey of 200 households in four communities conducted as part of 
ASEM/2000/088 provide support for the developing need to facilitate tree farmer access to 
formal timber markets (Emtage 2004). In the Focus Group Discussions (FGDs), two of the 
four tree farmers present identified the ‘poor market for tree products’ as a major factor 
constraining their tree management activities (Emtage 2004). While 10% of respondents 
were growing trees with the intention of selling them, few of those respondents were able to 
name where they would market their trees beyond naming the nearest large town, and few 
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knew the price they were likely to receive. Most of the respondents who planned to sell some 
trees asked the enumerators where they could sell them and what price they could expect to 
receive. Only 2% of respondents had registered their trees, and just 16% reported they knew 
how to do so. Every time a DENR person accompanied the researchers to the communities, 
they were asked many questions about the regulations and their implications for farmers. At 
a policy workshop involving community and LGU representatives, none of the LGU 
representatives and few of the community representatives had any knowledge about the 
tenure and tree harvesting and transport regulations (Emtage et al. 2004). They strongly 
recommended the need for a comprehensive information, education and communication 
(IEC) program by the DENR, which was also recommended in the Revised Masterplan for 
Forestry (UNFAO and FMBDENR 2003). The household survey also revealed that of the 15 
constraints to tree management presented to respondents, the most highly ranked 
constraints that relate to existing tree farms were ‘policies related to tree harvesting’ and ‘risk 
of additional fees’.  
 
All the available evidence including data from project ASEM/2000/088 and from extensive 
consultation with Filipino stakeholders points to the effects of regulations on market access 
and product quality being the dominant constraints on smallholders receiving higher returns 
for timber from their existing tree farms. The four highest ranked impediments from the four-
community survey (i.e. ‘lack of access to land for tree planting’, ‘lack of finance to pay for 
tree growing needs’, ‘concern over security of tenure’, and ‘low availability of seedlings’) 
apply to establishment of new tree farms. Because the new project focuses on existing tree 
farms, these constraints have not prevented landholders from planting trees - they apply to 
an earlier stage of the process of making the decision to plant trees – and so are not 
addressed in this project.  
 
A number of large research projects have been undertaken in the Philippines concerning 
both forestry regulatory reforms (including on harvesting and transport regulations) and 
improving tree farming techniques1, and these have been considered in the design of the 
current project. Further identification of the desirable project directions has been generated 
by a meeting of the Project Advisory Committee (PAC) for ASEM/2000/088 held in 
conjunction with the end-of-project workshop in Ormoc, Leyte, in August 2004. 
Recommendations of the PAC included: 
 

• Investigation of harvesting and transport permit issues be done by working with a 
community and investigating actual experiences in obtaining permits. 

• Attention be placed on sawn timber value in addition to stumpage value in financial 
analysis of smallholder forestry (with implications for on-farm value adding). 

• Any consideration of timber prices take into account timber quality and hence the 
way in which it is produced.  

• The returns from mixed-species plantings and agroforestry (timber with other crops) 
be investigated, to provide information needed by DENR. 

                                                 
1 These projects include the Sector Adjustment Loan (SECAL) Program funded by the World Bank 

(e.g. see de Los Angeles 2000, Guiang 2001a and b), the Natural Resource Management Program 
(NRMP) funded by USAID, and various forestry development projects funded by ADB. De los 
Angeles (2000) critically reviewed the present extent of tenure arrangements, the lack of 
management plans for most forest areas and the lack of best management practices in public 
forestlands. Comprehensive examinations of the NRMP-sponsored CBFMAs have been provided 
by Bisson et al. (1997), Hyde et al. (1999) and Nasayao and Zara (1997), the latter reporting a 
survey of farmers’ attitudes to agroforestry. These projects have provided valuable insights into the 
potential for management of forestlands in the Philippines, and constraints to successful 
management. Points raised in them are covered in the more recent review in the revised master 
plan for forestry (UNFAO FMBDENR 2003), as well as the ITTO review by Cassells et al. (2002) 
and the doctoral dissertation of Emtage (2004). 
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• The project investigates ‘What would make tree farming in Leyte profitable’. In this 
context, there is a need to evaluate non-wood benefits of smallholder forestry, 
because these may be what are required to raise the financial performance from 
marginal to acceptable. 

• Efforts be made to overcome the critical lack of information amongst smallholders 
about tree growing. 

• Industry logistics and timber flows be investigated for Leyte. 
 
Land tenure has also been identified as a major constraint to greater uptake of smallholder 
and community forestry. The Land Administration and Management Project (LAMP) project, 
partly funded by AusAID, is already examining measures to facilitate land titling in Leyte 
Province. Discussions with AusAID staff in Manila have indicated that key land tenure issues 
that affect smallholders are being addressed under LAMP 2 activities, which includes large 
scale land titling activities in three Leyte towns. As reported in Samar News.com (2008), 
 

Consistent with President Gloria Macapagal-Arroyo’s poverty reduction program, 
constituents from the three municipalities of Hilongos, Hindang and Matalom all in Leyte can 
now avail of the titling services of the Department of Environment and Natural Resources 
(DENR) 8 under Phase 2 of its Land Administration and Management Project (LAMP) 
implementation. 

 
PROJECT GOAL, OBJECTIVES AND RESEARCH STRATEGY 
 
The goal of the project is to improve financial returns to existing tree farmers and intending 
smallholder tree farmers. The research strategy is reflected in the following objectives.   
 
Objective 1: Assist DENR to overcome policy implementation constraints to tree registration 

and log transport currently restricting access to markets 
Objective 2: Assist smallholder tree growers to satisfy market requirements and improve 

productivity 
Objective 3: Identify and promote livelihood systems and policies which incorporate forestry 

and which recognise the socio-economic circumstances of smallholders 
 
In designing the project, a systems approach has been used, which has been applied at a 
number of levels. At a broad scale, a systems approach has been applied in the 
conceptualization of the project. That is, the issues associated with improving financial 
returns to smallholders have been conceptualized as being interrelated such that they 
cannot be addressed in isolation (as would be the case in a reductionist approach). At a finer 
or operational level, systems thinking is embedded in supply or value chain management 
which is the framework on which many of the activities falling under Objective 2 were based. 
In particular, a systems approach has been used to design the tree farm inventory research 
in order to ensure that it produced results that could be directly applied in other research 
activities relating to social and economic aspects of improving returns to smallholder tree 
farmers. Also, a systems approach is embedded in the investigation of livelihood systems in 
Objective 3; this approach recognizes that forestry cannot be undertaken by (or 
recommended to) smallholders in isolation without consideration of the broader context (or 
livelihood system) of which it will form a part.  
 
The research strategy to address the project aim had three components. First, the university 
researchers collaborated with DENR officers and smallholders to identify and remedy 
impediments to timber market access. Many of the current problems with DENR regulations 
arise from the way in which these regulations are implemented, rather than the nature of the 
regulations per se. The focus was to work with DENR Region 8 to make the existing 
regulations work more effectively. This resulted in immediate short-term benefits to tree 
farmers wishing to register trees and obtain permits to transport logs. It is anticipated that in 
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the longer term the project outputs will influence national level DENR policy and regulations, 
and meetings have already been held with senior DENR officers in an attempt to influence 
policy. The research first identified why there are large differences in the rates of tree 
registration between Community Environment and Natural Resource (CENR) offices and 
how higher rates of tree registration can be facilitated. Mechanisms were developed to 
improve the flow of information about regulations affecting tree harvest and about transport 
approval, from DENR to LGUs and smallholders. Subsequent papers in these Proceedings 
outline these activities, especially related to the development and testing of the primer for 
tree registration, and harvesting and log transport approval. In addition, a ‘School of the Air’ 
radio program on tree farming policies was broadcast, with formal enrolment of ‘students’ 
and with active participation of Department of Environment and Natural Resources 
personnel, municipal mayors, councillors and municipal agricultural officers.  
 
Research was also undertaken to identify the market requirements for timber in terms of 
species, type, quantity and quality of timber required by processors. A survey of timber 
processors on Leyte Island (including Biliran), Samar and Cebu has been undertaken. The 
market potential from existing tree farms in Leyte Province has also been assessed. This 
assessment involved four interrelated activities: (i) an assessment of timber quality and likely 
yield per product class, (ii) further financial analysis including on mixed-species agroforestry 
systems, (iii) modelling of timber supply and demand, and (iv) an investigation of the social 
and economic factors that affect the management of plantations and the types of outputs 
produced. The assessment of timber quality and yield was based on data collected on 5664 
trees from 532 plots established on 119 tree farms. Socio-economic data have been 
collected from 81 of these tree farmers.  
 
An extension program was developed and trialled, which tested mechanisms to improve the 
silviculture skills of farmers. As part of this program, ‘bus tours’ were conducted, taking 
smallholder tree farmers to demonstration sites in order to deliver key information about 
silviculture. During 2005 and 2006, four pilot tours were undertaken and the lessons learnt 
from each tour were then used to improve the subsequent tour. The effectiveness of bus 
tours as extension activities has been finalised and indicates that these ‘tours’ provide an 
effective and cost-efficient means of delivering extension advice to smallholders but their 
success is constrained by a number factors. In addition, a pilot program involving cost-
effective ways of linking buyers and sellers of timber has been conducted which involved the 
installing two large whiteboards outside a DENR office. One board provided details of 
smallholders and the woodlots (species, area, location and plot registration number) they 
had available. The other board provided details about processors including timber species 
they wanted to purchase and purchase prices according to sawn timber dimensions. Initial 
reports have been positive but problems were found with the information quickly becoming 
outdated, especially in respect to information about available timber. Plantation trials have 
been established on farms that demonstrate to farmers the benefits of early-age silviculture 
and late age thinning treatments. We also established other field trials to provide information 
for improved design of tree farm systems. 
 
An analysis has been undertaken of livelihood strategies adopted by various types of 
smallholders and recommendations made on appropriate farming systems that incorporate 
forestry and that recognize the socio-economic circumstances of smallholders. University 
researchers have actively collaborated with DENR to develop policy recommendations 
based on the findings from the various project activities, which have been presented to 
senior DENR staff in Manila. These efforts are continuing. 
 
SOME CONCLUDING COMMENTS 
 
The project has been highly successful from a number of perspectives. The research 
undertaken has been of the highest international standard and there have already been 
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many publications arising from the project. Many more publications are expected over the 
coming months and next two years. The project was fortunate to have an excellent team of 
researchers from both Australia and the Philippines, with the skills of the local collaborators 
complementing the skills of the Australian team. The result has been research of world class 
and one of the most highly integrated forestry projects ever conducted. The lessons that 
have been learnt as part of the project are relevant not only in the Philippines but in many 
other tropical countries. 
 
The project has also been highly successful from a capacity building perspective. It was 
fortuitous that excellent staff could be hired at the start of the project. Two of these staff 
(Edwin Cedamon and Sammy Bernaldez) were awarded John Allright scholarships to study 
in Australia. During the project, Dr Nestor Gregorio completed his PhD at The University of 
Queensland which was also funded by a John Allright Fellowship, and returned to the 
Philippines to take a leading role in the project. Two other staff members have gone on to 
positions with an international forestry company in the Solomon Islands. In addition, there 
has been active participation in the project by many staff at VSU. A focus of the project has 
been to improve the publication skills of Filipino collaborators. This capacity building 
endeavour has been highly successful, with a resulting large number of publications by 
Filipino collaborators. 
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Improving the Triple Bottom line Returns from Small-scale Forestry 
 

3. IMPROVING THE TRIPLE BOTTOM LINE 
RETURNS FROM SMALLHOLDER TREE 
FARMS IN THE PHILIPPINES: A SYSTEMS 
APPROACH 

 
John Herbohn, Steve Harrison, Jerry Vanclay, Eduardo Mangaoang, 
Nestor Gregorio, Edwin Cedamon, Iean Russell and Grant Wardell-
Johnson 
 
 
This paper1 outlines the application of systems thinking in investigating ways to improve the 
returns to smallholder tree farmers in the Philippines. The paper illustrates how a systems 
approach was used in the conceptualisation of the project and how systems thinking 
facilitated a shared understanding of the how each individual’s research contributed to the 
broader project activities. Systems thinking has also been used in the design and 
implementation of various project activities. Three examples are provided. The first example 
illustrates how a systems diagram was developed which outlined the direct and indirect 
linkages between biophysical data on tree farms and various activities designed to increase 
returns. The second example illustrates how the suggested approach for improving the flow 
of information concerning tree registration, harvest and transportation regulations and 
approval mechanisms link with various project activities and have been informed by a series 
of action research workshops. The third example illustrates how systems thinking has been 
applied to understand the factors affecting the production of high quality tree seedlings and 
to investigate the effect of policy interventions on improving the quality of seedlings available 
to smallholders. 
 
 
INTRODUCTION 
 
Previous research indicates that Leyte tree farmers could receive much higher financial 
returns from their tree farms if they had better market access and knowledge of prices, 
produced greater volumes of timber per unit of cost, and could better produce timber of 
appropriate species, log size and quality as desired by the market. In order for smallholders 
to access markets they must first obtain log transport permits and sometimes harvest 
permits. In order to do this, they must first register their tree farms with the DENR. There are 
many institutional impediments restricting the ability of farmers to register trees, which act as 
a barrier to them gaining access to markets, thus restricting timber sales to local markets, 
which are often thin and non-competitive. In addition, many smallholders lack information 
about how and where to market their trees, and lack knowledge of the current market value 
of their trees. Smallholders also lack knowledge about what the market requirements are for 
timber and as result do not manage their tree farms to optimise the output of these desired 
products. In many cases, the smallholders are achieving timber yields that represent only a 
fraction of the potential site productivity, on average about 30%. This failure to capture the 
potential productivity of the tree farms is due to a combination of factors including poor site 
preparation and early weed control, use of poor germplasm and poor silviculture practices 
involving a lack of thinning and pruning. 
                                                 
1 This paper is based on one presented at an International Conference organised by the IUFRO 3.08 

Small-scale Forestry Research Group on the theme of ‘Improving the triple bottom line returns from 
small-scale forestry’ held in Ormoc City, the Philippines, 17–21 June 2007. 
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Low yields combined with poor market access mean that financial returns to smallholder tree 
farmers are low. The environment that smallholder tree farmers are operating within is also 
complex − from a social, environmental, economic and political context. Therefore, there is 
no one ‘magic bullet’ that can improve financial or other returns from tree farms. In order to 
improve one or more of these triple bottom line returns, it is necessary to examine the 
smallholder tree farms in a broader context − there are many interacting factors that affect 
returns to smallholders growing trees. 
 
This paper outlines the application of Systems Thinking in investigating ways to improve the 
returns to smallholder tree farmers in the Philippines. The context of this project is first 
outlined, including the results of a brainstorming session which developed a systems 
framework that guided the conceptualisation of the project are reported. The goal and 
objectives of the project which were articulated using the framework are then presented and 
the research strategy outlined. Three examples are then provided as to how a systems 
approach has been applied in the implementation of project research activities. 
 
USING SYSTEMS THINKING TO CONCEPTULISE THE PROJECT 
 
As discussed in Bosch et al. (2007), conceptualisation of the ACIAR smallholder tree farmer 
project occurred over a period of one week during a visit by researchers to the Philippines 
(to incorporate feedback on the initial project proposal following discussions with ACIAR as 
funding body). During that week, a number of visits to smallholder tree farms and 
communities was undertaken, and discussions held with a variety of stakeholders including 
tree farmers, officers from the Department of Environment and Natural Resources (DENR) 
and Local Government Units (LGU). These discussions, combined with experiences from the 
precursor four-year project (ASEM/2000/088), suggested that a complex range of interacting 
factors influence the lack of current uptake of smallholder forestry in Leyte. For example, it 
became apparent that a large number of tree farms existed that were established about 10 
years ago, with trees ready to be harvested, and smallholder farmers were asking where 
they could find a market for their trees. 
  
Following the field visits, a workshop was held where researchers discussed the 
observations made over previous days, discussions tended to focus on separate studies that 
could be undertaken to address one or more of the issues identified. In an attempt to 
integrate the disparate discussions, a brainstorming session was held to create an overall 
influence diagram that connected the various aspects of possible research opportunities. 
Two observations were represented by boxes placed on a blackboard, namely (i) the 
existence of a large number of tree farms and (ii) the need to improve current low returns to 
tree farmers. From this basis, researchers brainstormed the factors that influenced the 
current low returns and how these linked back to the existing smallholder tree farmers. The 
influence diagram that was developed on a blackboard is presented as Figure 1. The initial 
starting points are contained in elliptical shaped objects and linked by arrows. 
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Figure 1. Influence diagram developed for planning the research project  
 
The construction of the influence diagram provided a shared understanding to all of the 
researchers in the project of how their particular area of expertise contributed to the broader 
project objective of improving financial returns to smallholders. A key element that was 
recognised from field observations was that most of the current tree farms have been poorly 
managed and most of the logs that will be produced will be of low quality − hence the 
location of ‘quality’ between ‘tree farms’ and ‘improved returns’. Estimating (measuring) and 
improving the quality of logs from existing and future tree farms thus became one of the foci 
of project activities. In addition, the influence diagram recognises the importance of log 
quality for the types of markets that smallholders can currently access. In terms of identifying 
industry development strategies, it was also recognised that identifying the log quality 
required to access particular markets (e.g. export markets) was necessary in order to identify 
the type (quality) of silviculture that smallholders needed to implement to achieve, for 
instance straight and defect-free logs of a particular length and diameter or flitches cut into 
particular dimensions by circular saws as opposed to chainsaws. Another key influence on 
the quality of logs produced is socio-economic factors such as household income, general 
education and specific training in forestry, as well as the way these factors affect the ability 
of the smallholders to access timber markets. The influence diagram also recognises the 
importance of gathering data on the expected yields of timber from current tree farms, data 
which are needed to estimate potential wood supplies and timing, and to develop financial 
models which can be used to both predict financial returns from existing tree farms and to 
also model likely impacts of improved silviculture and access to markets. 
 
The goal of the smallholder forestry project was identified as being ‘to increase financial 
returns to existing and intending smallholder tree farmers’. The research strategy is reflected 
in the following objectives.  
 
Objective 1: Assist DENR to overcome policy implementation constraints to tree registration 

and log transport currently restricting access to markets 
Objective 2: Assist smallholder tree growers to satisfy market requirements and improve 

productivity 
Objective 3: Identify and promote livelihood systems and policies which incorporate forestry 

and which recognise the socio-economic circumstances of smallholders 
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In that a systems approach was used in the conceptualisation of the project, this is an 
example of how systems thinking can be applied at a broad ‘project’ scale. That is, the 
issues associated with increasing financial returns to smallholders have been conceptualized 
as being interrelated such that they cannot be addressed in isolation (as would be the case 
in a reductionist research approach). At a finer or operational level, systems thinking is 
embedded in supply or value chain management, which is the framework on which many of 
the activities in falling under Objective 2 are based. Also, a systems approach is embedded 
in the investigation of livelihood systems in Objective 3; this approach recognizes that 
forestry cannot be undertaken by (or recommended to) smallholders in isolation without 
consideration of the broader context (or livelihood system) of which it will form a part.  
 
SYSTEMS APPROACHES EMBEDDED IN THE RESEARCH STRATEGY 
 
Three case studies are now presented that illustrate how system thinking has been applied 
in the research strategy for the ACIAR tree farm project. The first case study concerns the 
formulation of the research proposal for the tree farm project. The other two studies are 
based on material from Bosch et al. (2007). 
 
Case Study 1: Linking Biophysical and Socio-economic Data 
 
A key activity in the project has been the estimation of the yield of timber from existing tree 
farms. This data have been used to construct yield tables and growth models for the 
common species grown by smallholders, including Gmelina arborea, Swietania macrophylla 
and Acacia mangium. The key biophysical information collected about site, plot, tree and log 
variables is summarised in Figure 2. Data on DBH and log length are used to construct yield 
tables for commonly grown species and to construct growth models. Typically, this type of 
biophysical data is not used directly as input into socio-economic studies. Socio-economic 
studies involving the estimates of timber turnoff and market modelling do often draw on such 
biophysical data. These data are typically obtained from secondary sources rather than 
collected as part of an integrated study. Drawing such data from secondary sources usually 
limits their application for the desired use. 
 
By designing the project within a systems framework, it has been possible to identify how the 
biophysical physical data collected from the tree farms could be used as part of other 
interrelated activities within the project (Figure 3). In particular, Figure 3 illustrates how data 
and results from the tree inventory research is linked to other project activities with an 
economic and social focus.  Having this understanding at the outset of the project allowed 
sampling strategies to be designed that produced data suitable for use across a range of 
project activities. For instance, a group of researchers were responsible for collecting data 
from tree farms in order to develop yield tables and growth models of key species grown by 
smallholders. Typically, this would be where the use of such biophysical data would end. 
However, socio-economic project researchers outside the biophysical team also required 
these data to estimate the current timber inventory from smallholder tree farms on Leyte as 
part of their research to develop timber supply models. Stratified random sampling is the 
procedure typically used to identify plots from which to collect data on tree growth for yield 
tables and growth models. However, stratified random sampling would have been 
impractical for collection of data to estimate total timber inventories because of the need for 
collection of data across a suitably wide range of municipalities and barangays, which would 
have resulted in significant time and financial costs gaining access to burangays across a 
large number of municipalities. As a consequence, a two-stage, probability proportional to 
size (PPS) sampling framework was used to select municipalities and then barangays from 
which tree farms were selected (as described in Herbohn et al. 2005). Information from 
surveys of timber processors and furniture manufacturers collected as part of other project 
activities will be used in developing demand-side models which in turn will feed into supply 
and demand and transhipment models. 
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Growth models based on the tree data, along with the supply and demand and transhipment 
models also drawing on the tree data, are linked to the financial models developed to 
estimate the profitability of tree farms (with linkages as illustrated in Figure 3). The financial 
models then feed into activities associated with the development of improved livelihood 
systems incorporating tree farms. Data on crown diameters are not collected routinely during 
measurement of trees within inventory plots. However, such data were identified in the 
systems analysis as being required for modelling stocking rates and thinning regimes 
associated with potential agroforestry systems, and the biophysical teams included these 
measurements as part of their data collection activities. 
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Figure 2. Screenshot of ACCESS database illustrating key site, plot, tree and log data 
collected from smallholder tree farms 
 
Biodiversity data collected from each tree farm, along with socio-economic data collected 
from the owners of the tree farms, will also be used in the development of models of 
improved livelihood systems. The Microsoft ACCESS database illustrated in Figure 2 is 
currently being updated to include results from the socioeconomic survey of smallholder tree 
farmers, thus allowing researchers to link directly the socioeconomic and biophysical data. 
 
The financial models can also be used to explore ways to improve financial returns to 
smallholders, including demonstrating to smallholders the benefits of improved silviculture, 
and the need to improve the flow of information about regulations affecting tree registration, 
log transport and harvesting (direct linkages not shown in Figure 2). 
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Figure 3. Major linkages between biophysical and socio-economic research activities in the 
project. Not all linkages are shown.  
 
Case Study 2: Improving the Flow of Information for Forestry Regulation 
 
In conceptualising the smallholder tree farm project it became apparent that tree registration 
and log transport regulations enforced by DENR appear to be restricting access of 
smallholder tree farmers to timber markets. Rather than the regulation per se, this barrier 
seems to be the result of how regulations are enforced due to lack of funding to the DENR, 
and the lack of understanding of the regulations by smallholders. If the individuals with the 
greatest influence on the flow of information are directly involved in recognising the existing 
problems and formulating solutions to these problems, there is greater likelihood that 
strategies will lead to sustainable changes. In order to achieve these changes, the 
motivations and actions of the various stakeholder groups must be examined in the light of 
the institutional arrangements governing them. It is also essential that the strategies devised 
for improving information flow link closely with other project activities so that the changes 
occur at three levels (i.e. farm households and community, DENR staff operations, and 
policy). A systems approach is therefore an implicit component. 
 
Figure 4 shows the relationship between various project activities and the action research 
workshops which lie at the core of the suggested approach for improving the flow of 
information concerning tree registration, harvest and transportation approval mechanisms. 
The action research workshops provided opportunities to (i) monitor and report via 
information bulletins, what the tree farmers involved in the project demonstration plots are 
required to do to register their trees, and (ii) to report and compare this information across 
the project. The steps involved in bringing the action research teams to life were to (i) 
confirm the aim with key stakeholders, (ii) secure sponsors’ commitment, (iii) identify the 
participants, (iv) design and schedule regular workshops, including a training workshop, (v) 
secure the necessary resources for the project activities, (vi) conduct workshops and 
implement activities to improve information flow, and (vii) reflect on achievements and 
implement changes. 
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1.2 PILOT SCHEMES 

KEY 
Activity 1.2 outputs  
Activity 1.2 inputs  

Selected farms for 
Activity 2.4 

1.1 Survey of landholders to 
identify impediments to tree 
registration (including 
information sources and needs). 

1.3 Workshop with DENR staff 
to review practices and 
policies (participants for 1.2 
identified). 

1.2 Action Research 
workshops with DENR & LGU 
staff to review information 
from 1.1 and 1.3, review 
current sources of information, 
decide and review actions to 
improve information flow 

1.2 Formation 
of landholder 
reference group 

Radio program 

Information 
packs 

Tree farmers 
association?? 

Other?? 

1.2 Community survey of 
effectiveness of actions to 
improve information flow  

Tree farmers 
included in sampling 
for Activity 2.2 

Contribute to policy 
review (Activity 3.2) 

Contribute to 
timber supply 
information 
system 
(Activity 2.3) 

 
 
Figure 4. Relationship between activities concerning the development of strategies for 
improving information flow about tree registration, harvest and transportation regulations and 
approval mechanisms (1.1, 1.2 and 1.3 refer to specific project objectives). 
 
Case study 3: Making Sense of the Tree Nursery Sector in Leyte 

 
Systems thinking has also been applied to understand the factors affecting the production of 
high quality tree planting stock and to investigate the impact that a variety of policy 
interventions may have on improving the quality of planting stock available to smallholders.  
 
To conceptualise the nursery sector, a Bayesian Belief Network (BBN) was constructed for 
each of the nursery sub-sectors (private, community and government). The data to construct 
the model (Figure 5) were obtained from a combination of quantitative and qualitative 
methods. For example, surveys were used to collect responses from nursery operators in 
Leyte and Southern Leyte Provinces, and the nominal group technique, as well as individual 
discussions, was used to collect expert opinion. This model is an example of a dynamic 
systems model which can be used to explore the likely impacts of a range of policy 
interventions on a particular industry or sector and which was constructed using data 
obtained from a range of stakeholders using surveys and other social research methods, 
including focus group discussions and the nominal group technique. The model has 
subsequently been used to identify which factors have the greatest influence on key 
outcomes such as seedling quality, nursery sustainability and nursery efficiency. In addition, 
it has been used to explore the likely impact of various policy interventions including 
developing training programs for nursery operators.  
 

 19



 A Systems Approach to Improving the Triple Bottom Line Returns from Smallholder Tree Farms 
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Figure 5. Nursery efficiency BBN for an individual nursery group 
Source: Gregorio (2006) 
 
CONCLUDING COMMENTS 
 
The environment that smallholder tree farmers are operating within is complex, from social, 
environmental, economic and political perspectives. Hence, there is no one ‘magic bullet’ 
that can improve financial or broader social returns from tree farms. In order to improve one 
or more of these triple bottom line returns, it is necessary to examine the smallholder tree 
farms in a broader context, taking into account that there are many interacting factors which 
affect returns to smallholders growing trees. This paper has illustrated how a systems 
framework has been used to conceive and plan a major research project addressing the 
problem of how financial returns can be increased to smallholders. The systems framework 
has also proved an effective means to integrate research activities of various researchers 
from disciplines in the social and physical sciences that are involved in the research. 
Importantly, the process of developing and then articulating the systems framework has 
been useful in giving team members a shared understanding of the scope of the project and 
how their activities fit into the broader picture. The three case studies presented in the paper 
clearly illustrate the utility of this type of approach in coordinating and integrating research 
projects involving researchers from diverse fields. 
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4. MEASUREMENT OF SMALLHOLDER TREE 
FARMS ON LEYTE ISLAND 

 
Glenn Monterola, Florante Morales, John Herbohn, Jerome Vanclay, 
Grant Wardell-Johnson, Eduardo Mangaoang and Steve Harrison  
 

 
This paper describes the field techniques used to measure timber volume and log quality 
from smallholder tree farms on Leyte Island conducted as part of ACIAR project 
ASEM/2003/052, Improving Financial Returns from Smallholder Tree Farms in the 
Philippines1. Tree farms were included in the sample if they were 0.1 ha or greater in area 
and contained 100 or more trees. Paired circular blocks were chosen for measurement, one 
in the centre and one on the edge of the tree block. Where tree farms included multiple 
blocks of trees, two circular plots were established within each block. For each tree over 10 
cm diameter at breast height (dbh) in the plot, measurements were made of dbh, diameter at 
the base (db), tree height, location, crown depth, crown radius, bearing and distance of each 
tree with reference to the plot centre. Estimates of log lengths and grade that each tree was 
expected to yield were also recorded, along with a sketch of each tree. In addition, data were 
collected on tree farm, block and plot characteristics, and were entered into an ACCESS 
database for subsequent analysis.  
 
 
INTRODUCTION 
 
Tree measurement on smallholder tree farms has been one of the major activities of ACIAR 
project ASEM/2003/052, Improving Financial Returns from Smallholder Tree Farms in the 
Philippines. The project was designed to improve the livelihoods of smallholder tree farmers 
in Leyte Province through investigating ways to improve financial returns from forestry, and 
promote the adoption of these improved management methods (Herbohn and Harrison 
2005; Herbohn et al. 2007). One of the project objectives has been to assist smallholder tree 
growers to satisfy timber market requirements and improve productivity. The preliminary step 
in helping tree farmers to access formal timber markets is to identify the market 
requirements in terms of species, type, quantity and quality of timber required by processors 
(Herbohn and Harrison 2005). When sufficient data are available, the construction of a yield 
table for an established plantation is a relatively easy matter (Vanclay and Baynes 2005). A 
yield table can be created by measuring the volume per plot on a range of plantings, and 
fitting the yield function using linear regression.  
 
The objective to assist smallholder tree growers to satisfy market requirements and improve 
productivity was addressed partly through the assessment of timber quality (i.e. physical 
features, including straightness, forking, appearance of defects and knots) and timber 
volume of tree farms on Leyte Island. Constructing a yield table for a smallholder plantation 
in Leyte is challenging because there are few old plantations, and because the large range 
of sites (e.g. geology, topography, elevation) and stand conditions (spacing, thinning, 
fertilizing and pest control) means that yields may vary greatly from one smallholder 
plantation to another (Vanclay and Baynes 2005). Information gathered from tree farms is 
contributing to improve the knowledge on silvicultural requirements and tree farm systems 

                                                 
1 This is a shortened version of a paper presented by the authors at the IUFRO 3.08 conference on 

Improving the Triple Bottom Line Returns from Small-scale Forestry, 17–22 June 2007, Sabin 
Resort Hotel, Ormoc City, Leyte. 
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suitable for smallholders. Plantation silviculture is defined to site-species selection, choice of 
seeds provenance, site preparation, initial spacing, weed control, fertilization, pruning and 
thinning. Most of the capital expense and labour requirement is required in the first year of 
plantation life (Baynes 2005). The timber quality information is being used to identify ‘higher-
value’ products obtained from tree farms. Timber yield data are also being used to identify 
management strategies that increase returns to smallholders tree farmers. 
 
This paper outlines the field procedures used to collect biophysical data from smallholder 
tree farms on Leyte Island.  In the following sections, the objectives of the study are first 
stated along with the criteria for selecting tree farms in the study. The methods used to 
collect data are then outlined, followed by a brief outline and discussion of results. 
 
RESEARCH OBJECTIVES 
 
The main objective of this study is to determine the yield and quality of timber on smallholder 
tree farms on Leyte Island. Specifically, this study has aimed to: 
 
1. Develop volume and yield tables for smallholder tree farms on Leyte Island; 
2. Determine the quality of timber that can be obtained from smallholder tree farms; and 
3. Develop a tree farm system model common to tree farms on Leyte Island. 
 
Selecting Tree Farms to be Sampled 
 
The areas in Leyte suitable for smallholder forestry were identified using a geographical 
information system (GIS). A two-stage, probability proportional to size (PPS) sampling 
framework was used to select municipalities and then barangays from which tree farms were 
selected (as described in Herbohn et al. 2005). The seven municipalities selected were 
Anahawan and Libagon in Southern Leyte Province, and Bato, Hindang, Isabel, Leyte and 
Dulag in Leyte Province. In addition to the sample tree farms, rainforestation farms 
established with the assistance of the Institute of Tropical Ecology of Leyte State University, 
were measured as sub-samples for tree farms planted to indigenous species.   
 
Focus group discussions (FGDs) were then conducted in the seven municipalities to be 
sampled, to which barangay captains or their representative, local government unit (LGU) 
officials and other stakeholders were invited. At these FGDs, a list of all tree farms in a 
municipality or barangay within their jurisdiction was compiled in consultation with barangay 
captains and municipal officials, particularly those from the Municipal Agricultural Office 
(MAO) and Department of Environment and Natural Resources (DENR). The tree farms 
identified through this process formed the tentative list of tree farms on which plots were to 
be established. Included also in the tree measurement activities is a small number of tree 
farms from Baybay, Albuera, Ormoc, Matalom, Mahaplag, Abuyog and Jaro in the province 
of Leyte and from Maasin and Macrohon from Southern Leyte Province that were identified 
as part of other project activities, namely the trialling of bus tours as a means of providing 
extension advice (Baynes 2007).  
 
A tree farm qualified for inclusion in the sample if it had an area of 0.1 ha or greater and 
contained 100 trees or more. Often tree farms had several distinct ‘blocks’ of trees (e.g. 
different species or ages) and within each block two circular plots were established. Each 
block was required to be able to accommodate two non-overlapping circular plots. In order to 
assess potentially significant edge effects, one plot was located in the plot centroid and the 
other on the edge. Each plot was required to have at least seven trees with dbh of at least 
10 cm within the five metres radius. If this was not the case then the plot radius was 
extended to 10 m to accommodate seven trees. The farm also needed to be accessible, and 
a maximum of an hour normal walking was set as the upper limit for the accessibility criteria.  
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Gaining Access to Tree farms  
 
All tree farms were located on private land and to gain access it was necessary to consult 
with the owners and various elected officials at the municipality and barangay level. A 
courtesy visit was made to the municipal mayor and barangay captain, at which time a letter 
from the country project leader was presented.    
 
Each tree farmer was visited at their house, their permission was asked and the purpose and 
importance of the study was personally and thoroughly explained to them. A letter from the 
country project leader was also handed over to support their explanation. As soon as the 
owner understood the project and approved the activities to be undertaken, a farm boundary 
and tree survey was undertaken using a hand-held GPS (Garmin 76) receiver. Subject to the 
tree farms meeting selection criteria, blocks and plots were then delineated and tree 
measurements done. Additional tree farms within a barangay were sometimes identified 
during field visits. 
 
Data Collection Methods 

 
Two field teams were established. The first team (referred to as the survey team) comprised 
of two people (one of whom was an experienced surveyor and proficient in the use of GPS 
and Mapsource), who were responsible for the survey of the perimeters of the tree farm and 
blocks within the tree farm. A second team (referred to as the tree measurement team) 
consisted of three enumerators, who established the plots and collected site and tree data. 
 
In most instances the survey team surveyed the tree farms accompanied by a guide (a 
tenant, owner or owner’s relative) ahead of the tree measurement team and identified those 
tree farms which qualified for inclusion. This facilitated in preparing the itinerary of the tree 
measurement team. The typical smallholder farm has a combination of various agricultural 
activities including coconuts, small crops, tree farms (tree blocks or plantations) and rice. A 
photo of the whole farm was taken featuring the farming activities and landscapes of the 
farm. As part of the survey, a sketch map of the farm was prepared which recorded the 
location of the farming activities and outlining the features of the tree blocks. GPS 
information was downloaded to a computer, through which a sketch map could easily be 
generated. Trees within the tree farms were blocked according to the homogeneity of its 
attributes. Tree blocks were determined based on the following criteria: species, age, size 
and form, topography, aspect, slope and natural divide. In every block at least two plots were 
established – the centroid and edge plots. Where the block was large and heterogenous, 
one or two additional plots were established, usually at the opposite side of the established 
edge plot situated more or less between the centroid and the boundaries. 
  
 
 
 
 
 
 
 
 
 
 
 
 

Red ribbon tied around the tree at the 
plot centre for easy locating by the 

tree measurement team 

PVC pipe used to mark the plot 
 centre 
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The waypoint of each plot was recorded and was marked with a ribbon tied to a tree at the 
plot centre for easy locating by the tree measurement team. The plot centre was marked 
with a 12.5 mm diameter and 30 cm long PVC pipe driven in the soil leaving about 50 to 75 
mm above ground. Also, each plot was photo documented with respect to ground and 
canopy cover from two directions, due north and due south, four photos being taken for each 
plot.  

Ribbon 

 
All trees with a dbh greater than 5 cm were numbered using red or orange spray paint. 
Numbering started at the tree closest to due north at the periphery and proceeded in a 
clockwise manner until the reference point was reached. Numbering was particularly useful 
for avoiding duplication of measurement of a single tree within the plot and facilitating rapid 
data collection.  
 
Data recording sheets were developed for recording information about the farm, the block,  
the plot, and log size and quality. The name and contact details of the farm owner, along 
with a unique farm code, were recorded on each farm data sheet. The farm code comprised 
the first three letters of the municipality name, followed by the first two letters of the name of 
the barangay where the tree farm was located, then a three digit number preceded by a 
letter F for tree farm and IT for rainforestation farms. For example, the third tree farm 
measured in Barangay Tigbao in the municipality of Libagon would be coded as LibTi F003. 
Block 1 in this barangay would be coded as LibTi F003B01. Block 1 and the plot 2 for tree 
number 8 would be coded as LibTi F003B01P02T08. A sketch of the farm and the various 
blocks was also recorded on the farm sheet, along with the GPS waypoints for the farm 
boundaries. 
 
A separate data sheet was used to record information about each block, including a sketch 
and GPS waypoints. In addition, information about biophysical properties and species was 
recorded. Plot sheets were used to record details about edaphic characteristics of the plot, 
along with groundcover abundance, and stem tally of trees, bamboo, palms and cycads with 
a dbh of not less than 2.5 cm. In addition, all trees with a dbh of 5 cm and above were 
measured and recorded in the individual tree data sheet. From the centre point of the plot, 
distance and direction of each tree were recorded. Total height of every palm was recorded, 
but for trees, only the tallest specimen was measured. Using a bark thickness gauge, the 
bark thickness was recorded at 10 cm below breast height at the two opposite sides aligned 
to the centre of the plot. The bend or lean of trees was also noted. The length of the trunk up 
to the first branch was measured, and crown depth and radii from four cardinal directions 
were also recorded. The radii were taken from the crown edge with reference from four 
cardinal directions, siting the hypsometer to the base of the tree and reading the horizontal 
distance. Trees of the plot edge were also recorded. Aluminium coded tags were attached to 
the base of each measured tree using concrete nails, with the tag always facing to the centre 
of the plot.  
 
Details of the logs expected to be produced from each tree with a dbh of 10 cm or more 
were recorded on the log data sheet. Trees considered for log sectioning were sketched 
(stick drawing only) taking note of their worst form, viewed from any side. The stem was 
divided into sections based on its general form and straightness. In every section of the tree, 
large and small end diameters (LED and SED) and length were recorded. In most cases the 
SED of the lower section of the tree became the LED of the next upper section. A third 
diameter was recorded when forking was present. Sectioning took place up to the stem or 
branch with LED of 10 cm. Four log grades were recorded: A = at least 70% timber recovery 
of the log section total volume with minimum length of 1.2 m, B = at least 50% timber 
recovery of the log section total volume, with minimum length of 1 m, C = at least 30% 
timber recovery of the log section total volume, with 0.5 m minimum length, and D = at least 
10% timber recovery of the log section total volume, with no minimum length. For forking a 
grade of D was automatic.  
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Data were encoded and entered into Access, a relational database manager. The original 
data sheets were photocopied in triplicate. The original forms are held in the ACIAR project 
office at LSU, with copies being held by other designated members of the research team. 
The materials, equipment and instruments used in this study as well as a short description of 
its utility are presented in Table 1. 

 
Table 1. Material, equipment and instruments and its corresponding functions 
 
Material, instruments and 
equipment used 

Functions 

GPS receiver Mainly for referencing farms and mapping of the tree farm 
Laser Ace Hypsometer To collect data for diameter (large end and small end), log-

sections and branches, height, crown radius and distance of 
each tree with reference to the plot centre 

Compass To obtain bearings of each sample tree in the plot with 
reference to the plot centre 

Diameter tape Mainly used to collect dbh data and diameter at the tree base
Bark thickness gauge To obtain data on the thickness of bark at least one foot 

below breast height of the tree 
Digital camera Mainly used for photo documentation 
Aluminium tags, set of letter 
and number punches, hammer 
and concrete nails  

Made from aluminium sheet gauge 28 and cut into about 
2cm by 5 cm lengths. Letter and number punches were used 
to engrave farm codes, which were attached to each tree 
with diameter 5cm and above. The tag was driven into the 
base or buttress of the tree with a concrete nail 

Spray paint Mainly used for assigning tree numbers for data collection 
purposes. Colours are mainly orange and red, and sprayed 
above breast height facing always to the reference point to 
avoid duplication of tress to be sampled and for easy and 
facilitates faster during measurement 

Data sheets and miscellaneous 
materials  

Data sheets carefully designed to capture inventory data are 
equally important to data collection instruments. Data sheets 
were printed on substance 20 book paper (8.5 by 11 inch) 
using a photocopier. Mongol #2 pencils were used for writing 

 
Some Results and Discussions 
 
The assessment of timber quality and yield has been completed. Data have been collected 
on 5664 trees from 532 plots established on 119 tree farms and socio-economic data have 
been collected from each of the tree farmers. Data on 10,565 log sections have also been 
collected. All data have now been entered into an ACCESS database (Figure 1). On 
average, the merchantable volume is only 37.4% of the gross volume (Table 2). The data 
indicate that improved silviculture could considerably improve the yield of merchantable 
timber and hence the financial returns to smallholders. Some results from the analysis of the 
tree farm data are presented in Vanclay et al. (2007). The tree farm data are also being 
linked with other data sets including socio-economic data collected from interviews with the 
tree farm owners and biodiversity data (see Herbohn et al. 2007 for further discussion).  
 
Data collected from the tree farms are currently being analysed and used to develop yield 
tables and growth models for the key species grown by smallholders, including Gmelina 
arborea, Swietenia mahogani and Acacia mangium. Figure 2 provides estimates of the gross 
and merchantable volumes of timber from tree farms in Leyte based on data collected as 
part of the current study. Notably, there is a large difference between municipalities in the 
volume of timber currently in smallholder tree farms. Further, there is a large difference 
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between the gross volume of timber and the merchantable volume. This result confirms field 
observations that poor silviculture by smallholders has meant that they have failed to capture 
anywhere near the full potential of their sites. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Screenshot of ACCESS database illustrating key site, plot, tree and log data 
collected from smallholder tree farms. 

 
Table 2. Tree volume (gross and merchantable) per sampling municipalities 
 
Municipality Municipality code Gross volume 

(m3) 
Merchantable 
volume (m3) 

Merchantable 
timber to gross 

volume (m3) 
1.   Isabel Isa 5958 2364 39.7 
2.   Leyte Ley 4396 1610 36.6 
3.   Hindang Hin 812 382 47.0 
4.   Bato Bat 16031 5315 33.2 
5.   Libagon Lib 5960 2415 40.5 
6.   Anahawan Ana 2332 1038 44.5 
7.   Dulag Dul 468 235 50.2 
8.   Albuera Alb 49.83 20.06 40.3 
9.   Baybay Bay 771.94 275.34 35.7 
10. Matalom Mtl 481.27 150.29 31.2 
11. Maasin Maa 284.22 90.81 32.0 
12. Macrohon Mch 130.04 59.48 45.7 
13. Mahaplag Mah 2998 1286.24 42.9 
14. Abuyog Abu 342.71 113.35 33.1 
15. Jaro Jar 22.87 11.48 50.2 
Total  41,037.91 15,366.05 37.4 
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Figure 2. Gross and merchantable volumes of timber from tree farms in Leyte Province 
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5. RELIABILITY OF THE BARANGAY-BASED 
SMALLHOLDER TREE FARM INVENTORY: 
RESEARCH AND POLICY IMPLICATIONS 

 
Edwin Cedamon, Steve Harrison, John Herbohn and Eduardo 
Mangaoang 
 
 
The reliability of the inventories of smallholder tree farms conducted by barangay chairmen 
in selected municipalities in Leyte has been evaluated. The average number of trees per 
farm reported in the barangay-based inventory is 40 while the average verified number of 
trees is 49. The average stand age reported is 9.25 while the verified stand age is 9.03. No 
significant difference was found between the barangay-based inventory and verified data in 
terms of number of trees and stand age. Regression analysis shows that the difference in 
number of trees reported and the verified number of trees is directly proportional to the 
aggregate number of trees grown, thus the more trees grown, the higher the difference. The 
species reported by barangay-chairmen were found to be correct although some of them 
were reported using local names. The response rate of barangay chairmen in conducting the 
barangay-based inventory was acceptably high.  
  
 
INTRODUCTION 
 
A study to evaluate the reliability of a barangay-based inventory of smallholder tree farms 
has been conducted as part of the ACIAR Tree Farm Project1. Findings of this study were 
reported by Cedamon (2007) and Cedamon et al. (2007). The data from this study have 
been revisited, and the data set for an analysis of the number of trees has been refined. Key 
issues discussed in this paper are the following: first, ‘how reliable is the number of trees and 
stand age in the barangay-based inventory of smallholder tree farms?’; second, what are the 
strategies employed by barangay chairmen in collecting tree farm data for the barangay-
based inventory and which method has the highest reliability?; and third, does the size of 
tree farms, expressed in terms of number of trees, affect the reliability of the barangay-based 
inventory? In addition, the implications of the reliability of the barangay-based inventory for 
future research as well as for policy-making are discussed.  
 
A background of the evaluation study is provided in the next section. The rationale of the 
barangay-based inventory is discussed in relation to providing information for smallholder 
tree farms and to wider scale tree resources outside forests (TOF). Results of the revised 
analysis of the reliability of the barangay-based inventory in terms of number of trees and 
stand age are presented. The implication of the reliability of the barangay-based inventory 
for supply analysis is discussed. Finally, the potential role of barangay chairmen in taking 
part in tree registration and the potential and prospects of the barangay-based inventory for 
developing market information and farm forestry accounting systems are examined. 
 
 
 
                                                            
1 The ACIAR Smallholder Forestry Project is a collaborative research project of the University of 

Queensland, Visayas State University and the Department of Environment and Natural Resources 
titled ‘Improving financial returns to smallholder tree farms in the Philippines’ ACIAR Project No. 
ASEM/2003/052. 
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BACKGROUND OF THE EVALUATION STUDY 
 
In the ACIAR Tree Farm Project a sample of tree farms in Leyte Island was required for a 
timber inventory and assessment of forestry attitudes and practices of tree farm owners. A 
series of discussions were held during the project planning workshop in February 2005 to 
design a strategy to sample tree farms for the various studies of the project (see Herbohn et 
al. 2005 for details). A multi-stage sampling was identified during the workshop as the 
appropriate technique for selecting sample tree farms which would involve selecting 
municipalities at the first stage and selecting barangays at the second stage. Because 
selection of municipalities and barangays should be done with Geographic Information 
System (GIS) technology, a two-stage sampling has not been realized due to the 
unavailability of GIS shape files of the barangays. Instead, a single-stage probability 
proportional to size (PPS) sampling was employed in selecting seven sample municipalities 
(see Baynes et al. 2007 for details). As a consequence, information relating to tree farms 
within the selected municipalities was required for the selection of sample tree farms. In May 
2005, a meeting with municipal officials and barangay chairmen of one of the selected 
municipalities was organized by staff of the ACIAR Tree Farm Project to discuss possibilities 
of getting tree farm information from the barangays. During the meeting, the municipal 
officials and barangay chairmen were asked if they could assist the project in identifying tree 
farmers in their municipality. The barangay chairmen agreed to provide data of tree farms in 
their barangays. The project staff provided the barangay chairmen with the list of data 
required and they were briefed about the exact information required. The tree farm data from 
the barangays were submitted by barangay chairmen to the Municipal Agriculture Officer two 
weeks after the meeting. The data obtained from the barangay chairmen included the names 
and home addresses of tree farmers. For each tree farm, the location (sitio or zone) of the 
farm parcel, species of trees planted, the number of trees planted, and planting pattern were 
reported. Because the collection of tree farm data by barangay chairmen was found to be 
feasible, the same activity took place in the other six sample municipalities in August and 
September 2005. The tree farm data collated by the ACIAR Tree Farm Project were then 
used in selecting tree farms for a timber inventory (Bernaldez et al. 2007) and the 
subsequent socio-economic survey of smallholder tree farmers. 
 
During January to March 2006 the reliability of the barangay chairmen data (referred to here 
as the barangay-based inventory) on the tree farms was evaluated. The evaluation was 
conducted as a research project by the first author leading to his Master of Science in 
Forestry degree at Visayas State University. The evaluation study was aimed at determining 
the reliability of the barangay-based inventories conducted by the barangay chairmen in the 
sample municipalities included in the ACIAR project. Sample tree farming households were 
selected through cluster sampling in which tree farmers were clustered according to 
barangays. Ten out of 108 barangays in the seven municipalities were randomly selected for 
the evaluation study which gave a sample of 115 tree farming households. The selected 
barangays2 included Barangay Bugasong in Libagon Municipality, Southern Leyte; 
Barangays Anahawan, Alejos, Amagos and Ponong of Bato Municipality, Leyte; Barangay 
San Vicente in Hindang Municipality; Barangay Apale in Isabel Municipality, and Barangay 
Tapul, Kawayan and Consuegra in Leyte Municipality, Leyte. 
 
The chairmen of the selected barangays were informed by the researcher about the 
evaluation study and permission and cooperation3 to conduct the study were obtained from 
them. Field verification was conducted for each reported tree farming household. During field 

                                                            
2 In subsequent sections, the names of barangays are not reported to retain the confidentiality of 

barangay chairmen. 
3 In all barangays, the chairmen provided a barangay council member or barangay tanod to assist the 

researcher to find the reported tree farmers. The council members and tanods who assisted the 
researcher as guides were paid PhP200 per day. 
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verification, the trees were counted, the planting pattern and species of trees were recorded 
on a tree farm data sheet, and tree farm owners were interviewed to determine the planting 
year. Barangay chairmen of selected barangays were also interviewed to determine how the 
tree farm data had been collected. Those tree farms discovered during field verification 
which had not been reported in the barangay-based inventory were then recorded on a 
barangay data sheet. Some municipal officials and barangay chairmen not included in the 
sample barangays were interviewed as key informants to investigate possible reasons that 
may have affected the response rate.  

 
RATIONALE FOR A BARANGAY-BASED INVENTORY 
 
Tree farming or farm forestry is prevalent in many Asian countries including the Philippines 
(FAO 2009). The bright economic prospects of tree farming have boosted people’s interest 
in tree farming in the last decade (Dewees and Saxena 1997; Holding-Anyonge and 
Roshetko 2003). Inventory information on timber resources, including smallholder tree farms, 
is essential in management and planning (Vanclay 1992), and for formulating sound 
strategies for forestry development (Rawat et al. 2003). At the industry level, a timber 
inventory provides information on timber stock which is crucial in making decisions on timber 
harvest regulations and sustained yield. Most trees on farms are planted in small blocks, 
agroforestry and fenceline plantings, and trees are often fragmented in the landscapes. Most 
tree farms, however, could not qualify as ‘forest’ because of either size or spatial limitations 
set out in many technical forest definitions (e.g. FAO 2001, FAO 2005) and consequently 
this particular type of timber resource is not included in most national forest inventories 
(Klein 2003). In the Philippines, information about tree planting on private land is scarce. 
Government regulation requires that trees planted on private land be registered with the 
Department of Environment and Natural Resources (DENR) to document the extent of tree 
plantation on private land and to facilitate processing of document requirements during 
harvesting (Calub 2005). Tree registration is an excellent source of information relating to 
smallholder tree farming; however, only a relatively small proportion of smallholders register 
their trees (Cedamon et al. 2005).  
 
The science of forest inventorying is well established, e.g. Chapman and Meyer (1949), 
Husch et al. (1972), Avery (1975) and Shiver and Borders (1996). Forest inventories are 
often carried out for large areas of plantations or natural forests with a relatively small 
number of owners with a focus on timber approaching harvest age. Obviously, because of 
smallholder tree farm characteristics − i.e. the land area is very small and trees are planted 
as agroforestry and fragmented in the landscape − conventional forest inventory techniques 
face major limitations and involve high cost. In addition, it has been pointed out that no 
comprehensive inventory approach has been developed yet that can be used to estimate 
available trees over large areas outside forests (FAO 2001). Consequently, trees outside 
forests have generally not been included in most national forest inventories (Klien 2003). 
Thus, an inventory method specifically designed to assess the status and extent of this 
important but diffuse timber resource on smallholder tree farms is required to be able to 
legislate sound policies and develop management programs that would support sustainable 
forest resource management as well as the timber industry.  
 
In the Philippines, a barangay is the smallest unit of government which usually encompasses 
a number of districts or sitios. In many rural areas, a barangay may be composed of no more 
than 500 households. Barangays have their own sets of governing councils elected by the 
residents. The barangay council is headed by a chairman. The council members receive a 
monthly honorarium for their services. The barangay council collects census data about its 
constituents for program planning and development and obtaining government funding. If 
barangays are collecting timely census data about their constituents, it would be possible for 
the barangay chairman to provide the information relating to tree farms. This could be a 
simple and inexpensive way of determining the available timber resource on smallholder tree 
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farms in a particular area. Data such as names of tree farmers, number of trees planted, and 
tree age and species are simple yet essential information about the timber resource on 
smallholder tree farms that could be provided by laymen. Thus, the barangay-based 
inventory method could be an alternative method of assessing smallholder timber resources 
in large areas, i.e. barangay and municipality. The reliability of the barangay-based inventory 
of tree farms is assessed in the next section.  
 
RELIABILITY OF BARANGAY-BASED TREE FARM INVENTORY 
  
This section presents an analysis of the reliability of the barangay-based tree farm inventory 
based on a sample of 115 tree farmers. The response rate of the barangay chairmen to 
inventorying the smallholder tree farms is first discussed. Then the reliability of the number 
of tree farming households, and the number of trees and stands, are examined. The t-test is 
used to check for significant differences in the reported and verified number of trees and age 
per farming household. Using simple linear regression, the influence of the number of trees 
on the reliability of the reported number of trees is analysed. Lastly, the strategies employed 
by the barangay chairmen in collecting tree farm data are assessed.  
 
Response Rate of Barangay Chairmen in Conducting Barangay-based Inventories 
 
The response rate of the barangay chairmen in the seven municipalities in conducting 
barangay-based tree farm inventories was assessed. The total number of barangays in each 
municipality as well as the response rate is presented in Table 1. The response rates of the 
barangay chairmen range from 13% to 90%, and six out of the seven municipalities had a 
response rate of more than 50%. The average response rate across the seven municipalities 
was 67%. The low response rate of the barangay chairmen in Dulag was due to the 
unsuitability of tree farming in most of the barangays. Dulag is a flat, low lying municipality 
and its land is mainly used for agricultural crop production, e.g. rice, corn and coconuts, 
making tree farming a less favoured land use. The high response rate in Leyte Leyte was 
due to the influence of municipal agricultural technicians who put pressure on the barangay 
chairmen to do the inventory of the tree farms. Apparently, a 100% response rate was not 
possible because tree farming is not suitable in some barangays, e.g. barangays located in 
town centres or coastal or island barangays. 
 
Table 1. Response rate of barangay chairmen in seven municipalities on Leyte Island in 
conducting barangay-based tree farm inventories 
 
Municipality Total number of 

barangays 
Frequency of 

barangays with a tree 
farm inventory 

Response rate (%) 

Bato 31 27 87 
Dulag 45  6 13 
Hindang 20 10 50 
Isabel 24 16 67 
Leyte 30 27 90 
Anahawan 14 11 79 
Libagon 14 11 79 
 
Reliability of Reported Number of Tree Farming Households 
 
In the field verification that was conducted, tree farms not reported in the barangay-based 
inventory were recorded on a barangay data sheet to determine the reliability of the reported 
number of tree farming households. This field verification indicated there were 173 tree 
farmers in the study sites while 121 of them were reported in the barangay-based inventory 

 34



Improving Financial Returns to Smallholder Tree Farmers in the Philippines 

(Table 2). It is shown in Table 2 that the majority of the selected barangays have a 100% 
reliability while only a 40% reliability was observed for barangay 2. It is apparent from Table 
2 that the reliability of the number of tree farmers observed in a barangay is directly related 
to the population of tree farmers present in that barangay. This result is not surprising 
because the greater the number of tree farmers covered in the barangay-based inventory 
the more the work load for the barangay chairmen.  
 
Table 2. Reliability of the number of tree farmers per barangay  
 

Barangay Number of farming 
households reported 

Number of farming 
households after field 

verification 

Percentage reliability of 
the number of farming 

households (%) 
1 47 62  76 
2 23 57  40 
3   5   5 100 
4  3   3 100 
5 19 22  86 
6   3   3 100 
7   4   4 100 
8   5   5 100 
9   7   7 100 
10   5   5 100 

 
Reliability of Number of Trees and Stand Age per Tree Farming Household 
 
In examining the reliability of the number of trees (NoT), data for six of the tree farmers were 
removed because the NoT and stand age had not been obtained by the barangay chairmen 
after a request by these tree farmers to have their privacy protected. An additional 17 tree 
farmers for whom the calculated absolute difference in number of trees was more than 110 
were removed from the data set because their values were too extreme for a sensible 
analysis of reliability of number of trees. The average number of trees grown by these 17 
farmers was 734 and the average difference in number of trees was 543. Generally, these 
farmers operate the relatively larger tree farms. 
 
The final data set used in the analysis of reliability of the number of trees consists of a 
sample of 98 tree farmers from the 10 selected barangays. The mean number of trees grown 
as indicated by field verification is 48.6 trees (standard error of the mean is 5.98). During the 
analysis, the reported NoT was first deducted from the verified NoT to determine the extent 
of over-reporting or under-reporting, then the relationship between NoT and size of the tree 
farm was examined through a regression analysis. The critical question addressed through 
the regression analysis was: ‘Was the number of trees left out or over-reported in the 
barangay-based inventory influenced by the aggregate number of trees grown by tree 
farmer?’ The reliability of the number of trees and stand age were then computed for each 
tree farmer. Data management and analysis were conducted using Excel. 
 
It was found from the calculated difference on NoT that 52% of tree farmers had under-
reported their NoT, while 33% had over-reported their NoT and 15% had the same NoT in 
both the reported and verified data. This distribution is apparent from Figure 1 in which 
observations lying above the x-axis represent tree farmers with an under-reported NoT and 
those below the x-axis are tree farmers with an over-reported NoT. The regression analysis 
conducted to determine the difference in number of trees and the verified NoT, showed that 
the aggregate of number of trees grown has a significant influence on the reliability of the 
barangay-based inventory. The slope coefficient of the regression model (Figure 1) was 
0.271 (standard error .049, t=5.48, 97 df) and the intercept coefficient was -5.01 (standard 
error 3.78, t=-1,3250, 97 df), in which the slope coefficient is significant at the 95% 

 35



Reliability of the Barangay-based Smallholder Tree Farm Inventory: Research and Policy Implications 
 

confidence level. The regression model shows that as the number of trees grown by a 
farmer increases, the number of trees not reported also increases, in other words, the 
reliability decreases. The slope coefficient indicates that all factors being held constant, there 
are 27(±1.96*.049) out of 100 trees that are not reported in the barangay-based inventory. 
To generalize this finding, the reliability of the number of trees in the barangay-based 
inventory is 72% which means that the number of trees is under-reported.  
 
The average number of trees per farm reported in a barangay-based inventory is 40 while 
that in the verified data is 49. A t-test was conducted to test if there is significant difference in 
reported and verified number of trees. The null hypothesis tested was the reported number 
of trees (μ1) in the barangay-based inventory is the same with the verified data (μ2), i.e. Ho: 
μ1 = μ2. This was tested at the 5% significance level, with 194 dff, assuming equal variances. 
The computed test statistic is t=-1 (p = .31), which is not significant. The null hypothesis was 
accepted which lead to the conclusion that the sample data failed to prove that there is a 
difference between the reported and verified data. In terms of the reliability of the number of 
trees, the barangay-based inventory is judged to be highly reliable.  
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Figure 1. Scatter plot of difference in number of trees 
 
The stand age of tree farms was also analysed. The data set used for the analysis of the 
reliability of stand age consisted of 115 tree farmers. The average stand age reported in the 
barangay-based inventory is 9.25, while the average stand age of the verified data is 9.01. 
The average difference in stand age is -.24 (±.29*1.96). A t-test was conducted to determine 
if there is a significant difference between the average stand age in the barangay-based 
inventory (μ1) and in the verified data (μ2). The null hypothesis is Ho: μ1 = μ2; that is, there is 
no difference in stand age between the two sets of data. The analysis was carried out with 
alpha .05 and d.f. of 228 assuming equal variances. The computed t statistic is 0.25 (p=0.8) 
which is not significant at the .5% level, i.e. there is no significant difference between 
reported and verified stand age. This analysis, therefore, confirmed that the stand age 
reported in the barangay-based inventories is reliable. 
 
With regard to species identified by barangay chairmen in their reported tree farm data, it 
was observed that most barangay chairmen reported the ‘local names’ of species although 
some species were identified by their common names. Local names are names used in that 
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municipality only, whereas common names are the accepted names used by foresters in 
identifying trees. Obviously, local names of species vary with differences in dialects, e.g. a 
Waray-speaking area would have a different local name than a Cebuano speaking 
municipality. A typical example for this is Molave (Vitex parviflora), which is known as 
‘hamorawon’ in Waray areas while it is called ‘tugas’ in Cebuano. It was found that barangay 
chairmen had reported the correct names of the tree species grown.  
 
The chairmen of the 10 barangays included in the study were interviewed to determine how 
they had gathered the tree farm information for each tree farming household. Their 
strategies, along with associated reliability of the number of trees and stand age, are 
reported in Table 4. There were six strategies used by barangay chairmen in gathering tree 
farm information. In interpreting the values in this table, figures closest to 100 are considered 
the most reliable. It is apparent from Table 4 that strategy 5 which involves verification by 
barangay chairmen of the council tree farm data4 through actual field inspection of tree farms 
and interviewing farm owners, yielded the highest reliability rating. Inventories based solely 
on interviews with tree farmers (strategy 4) yielded a relatively low reliability.  
 
Table 3. Mean percentage of reliability of number of trees and stand age according to 
strategies used by barangay chairmen to gather tree farm data 
 
Strategy used to gather farm data Mean reliability of 

number of trees (%) 
Mean reliability of stand 

age estimate (%) 
(1) Chairmen and barangay council members 

did the inspection of tree farms and 
interview with tree farmers 

126.48 144.49 

(2) Council member reports were verified by the 
chairmen through interviews with barangay 
tanod5 and sitio6 leaders 

75.90 153.57 

(3) Households reported to have trees planted 
were visited by the chairman and council 
member and interviewed to estimate 
number of trees, age and species identified 

131.71 118.07 

(4) Tree farmers were interviewed by the 
chairmen to estimate tree farm data 

47.57 68.91 

(5) Barangay council tree farm data were 
verified by the chairmen through actual 
inspection of tree farms and interview with 
farm owners 

103.96 108.25 

(6) Chairmen visited tree farmers and the 
number of trees and age were estimated by 
both the chairmen and farmers 

107.34 71.21 

 
A number of important findings are highlighted in the evaluation of the reliability of the 
barangay-based inventory of smallholder tree farms. First, the number of households which 
grew trees in the barangay is highly reliable with a reliability rating of about 90%. Statistical 
tests showed that there is no significant difference in the number of trees and stand age 
between the barangay chairmen’s inventories and those found during the field verification. 
The reliability rating of the number of trees for the majority of tree farmers reported, is 72%. 
In addition, a regression analysis showed that the reliability of the reported number of trees 

                                                            
4 According to the barangay chairmen who used this strategy, the barangay council tree farm data 

had been generated from reports by sitio or zone leaders. These data were then verified by the 
barangay chairmen.  

5 A barangay tanod is a deputized civilian in the barangay acting as a local police officer. 
6 A sitio refers to a specific zone in the barangay comprised of not less than 10 households.  
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is negatively related to the relative size of the tree farms. This indicates that measures 
should be put in place to minimize error in inventorying larger-scale tree farms for barangay-
based inventories. The reliability of stand age reported in the barangay-based inventory is ± 
0.24 year difference to the ‘correct’ age which was found to be non-significant. The 
barangay-based inventory strategy that involved the ‘verification by barangay chairmen of 
the council report on tree farming by actual field inspections plus interviews with farm 
owners’ yielded the highest reliability rating.  
 

POTENTIAL ROLE OF BARANGAY CHAIRMEN IN TREE REGISTRATION 
 
Registration of trees planted by private individuals on private land is encouraged by the 
Philippines Government to provide farmers tenure over trees. Registration of trees facilitates 
the approval of harvest and transport permits. However, the current tree registration is found 
to be unfavourable to farmers because it often involves a high cost due to the fact that they 
have to travel7 to Community Environment and Natural Resources Offices (CENROs) and 
are required to make payments to CENRO staff conducting the tree inventory. The tree 
registration process requires CENRO staff to conduct field inspections to tally the number of 
trees by species for which a registration application is made, and prepare a sketch map of 
the tree farm site (Calub 2005). Anecdotal evidence suggests that tree registration takes a 
long time – sometimes up to a year before a tree registration certificate is approved – 
because of the delay in the inspection of the tree plantation. In the tree registration process, 
devolving some responsibilities to barangay councils is seen to be an effective measure to 
help tree farmers reduce the cost of registering their trees. Because the barangay-based 
inventory is highly reliable in terms of reporting the number of trees, stand age and local 
names of species, barangay chairmen could conduct the inventory and produce records of 
tree plantations or tree farms. The barangay chairmen could then certify the tree plantation 
records and submit this to the CENRO for issuance of the certificate of registration. 
Certification from the municipal mayor may be required to provide a third party certification. 
Perhaps barangay councils could charge lower fees for conducting the inventories and 
certification but measures should be put in place so that the fees charged by barangay 
councils to applicants for tree registration are reasonable. This may require further 
investigation into appropriate charges for inventory and certification that should be collected 
by barangay chairmen. This proposed tree registration scheme promises a significant 
reduction in the cost of the registration of trees and in the waiting period for approval of a 
tree registration certificate. An intergovernmental agency consultation meeting may be 
necessary to institutionalize the involvement of a barangay-based inventory in the tree 
registration process. 
  
IMPLICATIONS OF THE RELIABILITY OF BARANGAY-BASED INVENTORIES 
FOR SMALLHOLDER FORESTRY RESEARCH 
 
A market modelling study for smallholder timber on Leyte Island, the Philippines is being 
conducted by the first author. This market modelling study is investigating the optimal 
location for the processing and marketing of sawn timber from smallholder tree farms on the 
island. The economic impact of pruning and thinning on smallholder farms is also being 
assessed. The model is formulated as a transhipment model and specifies timber supply as 
one of the model constraints. In the transhipment model, available timber supply, particularly 
for relatively small tree farms, is being determined for each municipality based on the 
barangay inventory. The number of trees reported in the barangay-based inventory is 
adjusted for error using the regression model presented above. Some statistical 

                                                            
7 There are five CENROS on Leyte Island. CENRO Maasin and Palo each have sub-stations in one of 

the municipalities in their respective jurisdiction. These offices receive and process applications for 
tree registration. 
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manipulation is being used to predict the aggregate volume of timber on the island available 
for sawn timber processing.  
 
In many areas in the Philippines, and also in other developing countries in Asia, records of 
smallholder tree farmers are not available from government or non-government agencies, 
with the result that obtaining sampling frames for research projects conducted in this sector 
is difficult. Where village leaders are cooperative in drawing up such a list, a village or 
barangay-based inventory could be helpful for creating a sampling frame. 
  
MARKET INFORMATION AND FARM FORESTRY ACCOUNTING SYSTEMS 
BASED ON THE BARANGAY-BASED INVENTORY 
 
Understanding the socio-economic performance of smallholder tree farming is crucial for 
developing support measures for tree farmers. However, because of a lack of information 
about smallholder forest enterprises on Leyte Island, and in the Philippines in general, 
accounting systems are necessary. Timely information concerning the status of timber 
resources on smallholder tree farms is also necessary to assist market actors in making 
investment decisions. However, current and reliable data that can be used to estimate timber 
supply from large-area smallholder tree farms are often not available.  
 
Farm forestry accountancy networks have been developed in many advanced countries in 
Europe and the USA. Information generated by the farm forestry accountancy networks is 
required by farmers, forest owners associations, forest advisory and extension 
organizations, and policy-making and financing institutions, as well as for research and 
education (Niskanen and Thomas 2001). Forest accountancy network information is 
gathered from farm forestry enterprises or selected tree farms using various sampling 
techniques (Hyttinen and Kallio 2001). Sample farms are either monitored continuously or 
over several accounting periods. The type of information collected from these sample tree 
farms varies between networks but the aim is primarily to assess the profitability of farm 
forestry as well as the impact of changes in the economic and political environment at the 
farm level.  
 
To the knowledge of the authors, no accountancy networks that gather formation on farm 
forestry accounts are as yet operating in the Philippines. The role of barangay chairmen in 
providing a reliable tree farm inventory has shown some bright prospects for developing a 
farm forestry accountancy network in the Philippines. However, this requires further 
investigation as to how farm forestry accountancy networks will operate, how sampling 
should be done and what information is required. 
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6. A ROBUST GROWTH MODEL FOR 
SMALLHOLDER TREE PLANTATIONS 

 
Jerome Vanclay 
 
 
Information is a prerequisite for wise forest management decisions, but is inadequate in 
many situations, especially in the context of small non-industrial forest growers. This paper 
presents a series of robust functions able be calibrated with sparse data, and integrated into 
a simple spreadsheet-based smallholder plantation growth model designed to assist 
silvicultural decisions in smallholder plantations. A case study with Gmelina arborea is 
presented. 
 
 
INTRODUCTION 
 
Many people who plant, or who have planted trees, anticipate a reasonable financial return 
on their investment but often have insufficient information to make informed silvicultural 
decisions to maximize their return. Often there is no shortage of inventory data; the limitation 
is usually that data are not in a suitable form to support practical silvicultural inferences by 
small private growers. This paper seeks to provide guidance and offer a practical illustration 
of one way to distil practical silvicultural advice from routine forest management data. 
 
CONTEXT OF THE GROWTH MODEL 
 
Forest inventory and monitoring by industrial forest growers may provide data that can 
support conventional growth modelling methods (Vanclay 1991a; Vanclay et al 1995; 
Mendoza and Vanclay 2008), but extension and small-scale afforestation efforts often exist 
in a context where neither data nor models satisfy practical needs (Vanclay 2006a). 
 
ACIAR Project ASEM/2003/052 − Improving Financial Returns to Smallholder Tree Farmers 
in the Philippines − is designed to improve the livelihoods of smallholder farmers in Leyte 
Province through investigating ways of improving financial returns from forestry, and 
promoting the adoption of these improved management methods (Herbohn et al. 2007). 
Smallholder farmers in Leyte find themselves in an all-too-common situation with insufficient 
information to inform their silvicultural decisions. One objective of the ACIAR project has 
been to improve livelihoods by providing better access to such information. 
 
In many cases, tree growers need assistance with three compelling questions: 
 

1. should I thin the non-commercial (e.g. crooked) trees in my plantings; 
2. should I thin my plantation for cash-flow and silvicultural reasons, and if so, what are 

the best ages to thin; and 
3. when should I anticipate my final harvest? 

 
In order to satisfy these questions, a simple growth model should provide estimates of tree 
heights, diameters and stem numbers, aggregated to indicate likely harvest volumes and 
values. This may seem a daunting task, but extension workers can take heart from two 
observations, namely that tree growth tends to be similar in many regions of the world, 
enabling the use of models developed elsewhere (Vanclay et al. 2008); and that there are a 
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number of established hypotheses (Skovsgaard and Vanclay 2008) that can be calibrated 
with few data. 
 
RESEARCH METHOD 
 
Modelling Height and Diameter 
 
Given that global trends tend to be similar, the next question is how generic trends 
established elsewhere can be adjusted to a specific situation. Figure 1 illustrates height 
growth trends in a large database of even-aged eucalypt forest (Mattay and West 1994), and 
shows how a simple transformation (the square-root of age-0.5 years) creates a height-age 
pattern that is close to a straight line for many species in many parts of the world, especially 
for fast-growing tropical species. The beauty of this simple relationship is that it enables 
construction of a robust growth curve from a small number of data points comprising only 
stand height and age. While this relationship differs slightly from the one proposed by 
Vanclay et al. (2008), it is likely to offer reliable predictions in the tropics, where trees often 
exhibit rapid early growth, and where rotations tend to be relatively short. The simple 
transformation tends to depart from established trends for stands older than 20 years, so 
caution (and more specific equations) may be necessary for longer rotations. 
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Figure 1. Square-root transform often converts the height-age relationship to a linear trend 
that can be fitted with a one-parameter line through the origin (illustrated here with 
Eucalyptus grandis data courtesy of Mattay and West 1991) 
 
Vanclay (2009) documented a general trend between stand height and stem diameter that 
applies to a wide range of species and sites. Figure 2 illustrates this trend calibrated for 
Gmelina arborea in Leyte, the Philippines, using data collected from temporary inventory 
plots. This relationship appears to have wide application for many species and sites, and 
over long time frames. It enables reliable predictions about stem size over time, for a wide 
range of silvicultural regimes. The relationship applies to both the mean and the maximum 
diameter of a forest stand, but it is useful to model the maximum diameter because it reflects 
the site capability and, unlike the mean diameter, is relatively unaffected by forest 
management decisions such as thinning. 
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Figure 2. The relationship between maximum dbh, top height and stocking rate for Gmelina 
arborea in Leyte, and sample points from the ACIAR inventory project 
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Figure 3. The ratio 1-mean/max dbh versus the square root of stocking rate, illustrated for 
Eucalyptus pililaris (left, data courtesy Mattay and West 1994; lines join successive 
estimates from the same stand) and Gmelina robusta (right) 
 
It is relatively easy to estimate the mean diameter from the maximum diameter in an even-
aged stand. Figure 3 illustrates a simple empirical relationship between relative size and 
stand density: 1-Dmean/Dmax=α*sqrt(Nha), with α taking a value of approximately 0.01. 
This relationship appears to apply to many species and sites, and seems stable over time. 
 
There are two aspects of this relationship. One is a simple outcome of sampling: in stands 
with high stocking, a fixed-area sample size is more likely to sample an extreme observation, 
thus inflating the observed ratio Dmean/Dmax. The second aspect is a biological one: in 
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stands with low stocking rates, most stems will achieve their potential, whereas trees in 
densely-stocked stands will be hampered by competition and will exhibit a wider range of 
sizes, thus inflating the observed ratio Dmean/Dmax. Visual inspection of a few stands 
confirms that crowded stands have a wide spread of tree diameters, whereas well-managed 
well-thinned stands are much more uniform in tree size. This suggests that stocking may be 
a suitable indicator of the diameter distribution. 
 
It is not sufficient for a silvicultural model to estimate the mean tree diameter, because tree 
growers need to understand the diameter distribution, which greatly influences potential 
utility and timber values. It is not difficult to predict this distribution. For most even-aged 
monoculture plantations, it is adequate to assume that tree diameter is normally distributed, 
and that the coefficient of variation offers an adequate descriptor of the diameter distribution. 
Figure 4 illustrates that the coefficient of variation is closely correlated with, and almost 
identical to, the ratio 1-Dmean/Dmax. 
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Figure 4. Coefficient of variation of Gmelina robusta diameter in even-aged plantings in 
Leyte, plotted against the ratio 1-Dmean/Dmax to illustrate the strong correlation 
 
Modelling Mortality and Merchantability 
 
In a managed plantation, both natural mortality and loss of merchantable stems to defect 
should be small, but a silvicultural model should offer an estimate of both these aspects, 
especially if it is likely to be used to predict performance of overstocked plantations. 
Calibrating a model for these dynamics is demanding of data, and can rarely be done 
empirically with ‘snapshot’ inventory data, but published work (e.g. Vanclay 1991b) may 
guide subjective estimates. In well-managed plantations, both may be negligible, so the 
accuracy of these parameters is not paramount. 
 
Mortality is estimated from stand basal area (Vanclay, forthcoming) and degrade is predicted 
from stand age. Care is required in parameterising the merchantability function, because the 
relationship may be influenced by removals (both thinning and natural mortality). A robust 
way to calibrate degrade is to estimate the relationship between merchantability and age as 
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P=α + β Ln(Age), so that the annual change in merchantability can be predicted as 
dP/dt=β/Age and the annual rate of degrade will decline with age. 
 
Modelling Stem Volume  
 
The use of a simple cylindrical form factor V=βD2H provides a reliable estimate of stem 
volumes that is easy to calibrate with data derived from routine inventory (Vanclay and 
Baynes 2005). This relationship is illustrated in Figure 5. 
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Figure 5. Volume is predicted as a linear function of D2H, illustrated here for Gmelina 
robusta 
 
Implementation of the Growth Model 
 
A generic growth model for smallholder forests in the Philippines has been constructed using 
the equations outlined above. Although the equations are few, simple and robust (Table 1), 
they can be made more accessible and useful by incorporating them in a spreadsheet-based 
decision support system. 
 
Table 1. Equations used for Gmelina robusta in the Leyte Smallholder model 
 
Variable Equation 
Maximum dbh Dmax = 10.89 H/Ln(N) 
Mean dbh Dmean = (1 - 0.01 sqrt(N)) Dmax 
CV% of dbh CV% = (1 - Dmean/Dmax) 
Survival S = (Dmeant/Dmeant+1) e-0.0006(BA-20) 
Defect rate D = 0.083/Age 
Volume V=0.1054 D2H 

 
The model is implemented in a commonly-available spreadsheet package, and presents a 
series of columns showing the following predicted details annual over several decades: 
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Stand height (m) 
Max Dbh (cm) 
Mean Dbh (cm) 
StdDev of Dbh (cm) 
Survival (%) 
Total stocking (stems/ha) 
Basal area (m2/ha) 
Total merchantable stems (stems/ha) 
Number of small stems (stems/ha, Dbh limits specified by user) 
Number of large stems (stems/ha, Dbh limits specified by user) 
Mean Dbh of small logs (cm) 
Mean Dbh of large logs (cm) 
Volume of small logs (board feet) 
Volume of large logs (board feet) 
Standing value (1000 Pesos) 
Value of thinnings (P.1000) 
Total value (P.1000) 
Discounted value (P.1000) 

 
Despite the large number of variables predicted, users need to supply minimal input data to 
use the model. Typically, a user will supply data of plantation species, age, stand height (or 
site index), stocking rate and the proportion of stems that are straight enough to sell. An 
example of the spreadsheet input is provided in Figure 6. In addition, they should define the 
likely market for their products by indicating two merchantable size ranges and 
corresponding sizes. They may also indicate their thinning intentions, and the discount rate 
applicable. Figure 6 illustrates the user interface, with shading indicating the fields that may 
be altered by the user. Users are encouraged to experiment with the model, and to explore 
the consequences of different thinning regimes and market possibilities. 
 

 
 
Figure 6. User interface to the smallholder growth model 
 
Although the model offers several columns of detailed output, the most useful output is the 
graphical summary as illustrated in Figure 7. This graph shows how diameters and 
discounted stumpage value change over time, allowing users to examine harvesting and 
thinning regimes that may be advantageous.  
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Figure 7. Screen dump from the Smallholder model showing the graphical output from the 
model 
 
In Figure 7, the dotted line with symbols (Ө) indicates the mean dbh. The vertical bars 
indicate the range of stem sizes, with two-thirds of the stems falling within the range 
indicated by the bars (one third above the mean, one-third below the mean), and one third 
lying beyond the bars (one-sixth above, and one-sixth below). The upper dashed line 
indicates the largest stem within the stand, and the solid line indicates the discounted value 
of harvests (indicated on the right axis). 
 
In Figure 7, a jump in mean diameter is evident at age 8 following the first thinning, and a 
jump is evident in the discounted value at age 13 when stems reach a size that attracts a 
high value in the marketplace. The case study illustrated in Figure 7 is indicative and 
dependent on the assumptions shown in Figure 6, and may not apply in other scenarios. 
 
The model can be used for any species, and is currently calibrated for three species planted 
in Leyte (Gmelina arborea, Swetienia macrophylla, Acacia mangium). Further enhancements 
are currently being made to the model, and the latest version may be downloaded from the 
project website. A ‘model calibrator’ is currently under construction, and will allow users to 
‘cut and paste’ inventory data into a spreadsheet that automatically calibrates coefficients so 
that the Smallholder model can easily be adapted for additional species. 
 
CONCLUSION 
 
To date, the Smallholder model has been used for limited research and demonstration, and 
several tasks remain to be completed. While model outputs have been inspected and found 
reasonable, they have not been formally evaluated to establish the reliability of the model, a 
step that should be completed before the model is used more widely. Model outputs have 
been reported in units commonly encountered by the ACIAR project team (tree dbh in cm, 
height in metres, but sawn output in board feet). While these units seem convenient to the 
project team, their use should be confirmed with stakeholders to ensure that the model is 
useful. 
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Obviously, the Smallholder growth model gives only a first approximation, and is constrained 
by its reliance on only five parameters (Table 1). To compile a more rigorous model, data are 
required that allows insights into plant competition. Such data are normally gathered from 
many plots over a long period of time – an obstacle for new plantings and smallholder 
enterprises. The project has established efficient experiments that will allow these key 
inferences to be made from plantings within a few years. Computer simulations have been 
completed to verify the utility of these designs, which have also been published in refereed 
journals (Vanclay 2006b). Early results from these experiments are anticipated shortly from 
the plantings in Leyte Leyte. 
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7. RECOVERY OF MILLING TIMBER FROM 
SMALLHOLDER TREE FARMS USING 
CHAINSAW AND MINI-BANDSAW 

 
Edwin Cedamon, John Herbohn and Steve Harrison 

 
 
The sawing recovery rates of chainsaws and mini-bandsaws used on Leyte Island, the 
Philippines to produce sawn timber from smallholder tree farms are compared through 
sawing trials. The sawing recovery rate for a mini-bandsaw is 52% while that for chainsaws 
is 39%. The sawing trials found that log sizes and the cross-section areas of boards showed 
a weak linear relationship to the sawing recovery rate for sample logs sawn. Significant 
differences in sawing recovery rates between the saw operators involved in the sawing trials 
were also detected. This paper mainly reports the results for comparing the sawmilling 
recovery for chainsaws and mini-bandsaws, while the financial as well as policy implications 
of the differences in sawing recovery rate between these two saw types are discussed in a 
separate paper in these Proceedings.  
 
 
INTRODUCTION 
 
Processing timber on farms has been seen as the best option for adding value to trees 
(Stewart 1999). The small holding size, low timber quality, and distance to roads of many 
tree farms are some of the marketing difficulties faced by most tree growers. Stewart and 
Hanson (1998) found that on-site processing of farm-grown timber is a means to overcome 
these marketing difficulties. They further concluded that portable sawmills have the greatest 
potential for on-site timber processing because of higher returns for sawn timber and 
relatively low cost associated with operating a portable sawmill. There are three alternative 
saw types employed in most portable sawmills – circular saw, bandsaw and chainsaw 
(Smorfitt et al. 2001; Pasiecznik 2006). Portable sawmilling can include the production of 
green, air-dry and kiln-dry sawn timber using milling equipment which is taken to the forest 
or plantation site, operated there, and then dismantled to move to another site (RIRDC 
1998). Typically, a portable sawmill is an assembly of sawing equipment attached to frames 
and other structures and for which setup time is not more than one day (Waugh 1996, cited 
in Stewart and Hanson 1998). Because setting up bandsaws can be a time-consuming task, 
these are frequently placed at fixed locations, with timber transported to them, sometimes 
from several kilometres away (Smorfitt et al. 2001). 
 
It is notable that ‘free-hand chainsawing’ in sawn timber production is not included in most 
portable sawmilling and on-site timber processing literature, despite the fact that the 
chainsaw is the simplest and most ‘portable’ form of a portable sawmill. In addition, 
considerable literature has shown that chainsaws are playing an important role in providing 
local timber supply and employment to rural communities in many tropical countries (Wyatt 
1996; Grisly 1998; Smorfitt et al. 2001; Pasiecznik 2006 and Pinnard et al. 2007).  
 
On Leyte Island, as in other Philippine locations, domestic demand for wood is increasing 
and timber grown by smallholder farmers has a great potential to supply in this demand 
because of the dwindling natural forest resource plus the logging-ban on natural forest. 
Chainsaws and bandsaws are employed in sawn timber production on the island. The milling 
recovery rate of chainsaws and bandsaws in producing sawn timber from smallholder tree 
farms is, however, poorly understood. A sawing trial has been conducted to improve 
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understanding of the milling efficiency of the two timber sawing systems which is critical in 
the trans-shipment model for marketing timber from smallholder tree farms being developed 
by the first author as part of his postgraduate degree at The University of Queensland. The 
trans-shipment model considers chainsaw-milling as an option for on-farm sawn timber 
production and bandsawing as an option for sawn timber processing at sawmills. 
 
This paper reports the recovery rate of chainsaws and mini-bandsaws from a series of 
sawing trials. The financial evaluation of the two sawing systems and subsequent policy 
implications are reported in a separate paper in these Proceedings. This report is structured 
as follows: the next section briefly describes how the sawing trial was organized; then, tree 
and log data collection is described. Next, the recovery rate of chainsaw and bandsaw is 
compared followed by a discussion of sawing trial results and their implication for maximizing 
returns from smallholder timber production. Finally, a few brief concluding comments and 
some recommendations for future research are provided  
 
ORGANIZING THE SAWING TRIALS 
 
The sawing trials were conducted in the municipalities of Bato and Matalom on Leyte Island, 
the Philippines. The sawing trial co-operators included two mini-bandsaw owner-operators, 
two chainsaw operators, two tree farmers, and carabao skidders. The sawing trial in Bato 
was conducted in co-operation with the bandsaw owner-operator who acts as a middleman 
for customers from the local area engaged in constructing, repairing or renovating residential 
houses. He has his own tree farm for sourcing some of the timber he requires but also 
purchases trees from other farmers in the barangay. During the conducting of the sawing 
trial, he had customer orders to fill, for which he purchased trees from a neighbouring tree 
farm. The trees were growing about 0.5 km away from his bandsaw and he produced the 
ordered sawn timber by chainsaw to minimize transport cost. He allowed the researcher to 
gather data relevant for the estimation of sawing recovery rates for bandsawing and 
chainsawing provided this did not delay his sawn timber production, and the researcher met 
half the cost of hauling logs to his mini-bandsaw mill and also half of the cost of labour for 
bandsawing. The bandsaw owner-operator arranged the felling and sawing of logs with a 
chainsaw operator as well as carabao skidders for logs and sawn timber hauling. The 
sawing trial in Bato was conducted in September 2008. 
 
The sawing trial co-operator in Matalom is a furniture producer and sawn timber retailer. He 
has been operating his enterprise in the municipality for the last six years. In February 2009, 
the trial co-operator had some logs in his mini-bandsaw mill ready for sawing for use in 
furniture production. He allowed the researcher to gather data relevant for the estimation of 
sawing recovery rate for bandsawing. However, for the recovery rate for chainsawing, he 
offered his chainsaw and his chainsaw operator in the sawing trial provided the researcher 
paid for the trees to be used for the sawing trial. The sawing trial co-operator paid for fuel 
and labour for the chainsaw operator, and in exchange he received the sawn timber 
produced in the sawing trial.  
 
DESCRIPTION OF SAWING EQUIPMENT, SAWING TECHNIQUE AND SAW 
OPERATORS (SAWERS) 
 
Chainsaws and mini-bandsaws were used in the sawing trial. The chainsaws used in the trial 
had a guide bar length of 63 cm, was petrol (gasoline) powered, and weighed about 15 kg 
including the guide bar and chain. The chain used was a ripping chain which had almost half 
the length of the original cutting teeth removed due to long period of use, leaving a kerf 
(blade cutting width) of approximately 10 mm. 
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The bandsaws used in the trial were locally assembled (Figure 1 and Figure 2). The length 
of the blade of the bandsaw in the Bato trial was 16 feet and for the Matalom trial it was 21 
feet. A 3 horsepower (hp) bandsaw was used in Bato and a 15 hp bandsaw was used in 
Matalom, and both were powered by electricity. The bandsaw footing and posts were made 
of 4 x 4 inch timber. The blade runs over on two wheels of about of 36 inches in diameter 
made of 2 sheets of ¾ inch plywood glued together. One of the wheels of the bandsaw used 
in the Matalon trial is exposed while the other wheel is covered as shown in Figure 2. The 
structure for the bandsaw in Bato is similar to that in Matalom. The lower wheel is connected 
to an axle which is connected by a rubber belt to the motor. It also has a sawing platform 
(bench) where the logs are laid for cutting. The kerf of both bandsaws was 6 mm.  
 

 
 
Figure 1. The bandsaw used in the 
Bato sawing trial 

 
 
Figure 2. The bandsaw used in the 
Matalom sawing trial. 

Inside this box 
is the wheel to 
which the band 
saw is attached

Wheel

  
The sawing trial employed ‘live’ or ‘plain’ sawing of logs to maximize recovery. This 
technique involves cutting boards from generally unsplit logs as opposed to quarter sawing 
when the logs are first quartered before cutting boards from them. Before cutting the desired 
boards, the log is positioned and secured for sawing by cutting a slab (cut 1, Figure 3). Then, 
the log is turned to its side and the boards are cut one after another (see the numbers in 
Figure 3 representing the cutting sequence). The thickness of the board was constant at 2 
inches (about 5 cm) except for small logs for which slicing to 2 inches is not possible. Slabs 
from which a 1 inch thick board can be made are again cut to a usable dimension. Smith 
(undated) noted that live sawing is the simplest, fastest and most efficient way to cut logs 
into boards. 
 
Equipment operators or sawers were interviewed to obtain information about their sawing 
experiences. It was found that none of the sawers had undertaken any formal training in 
operating and maintenance of sawing equipment; rather, they gained their skills through 
work experience in sawn timber production. The chainsawers in the Bato and Matalom 
chainsawing trials both had about 20 years experience in sawing timber using a chainsaw, 
and contract chainsawing was their main source of income. The bandsawer involved in the 
Bato sawing trial had three years experience as a bandsawer in a mini-bandsaw mill. The 
bandsawer in the Matalom sawing trial had one year’s experience in bandsawing. The 
bandsawer in Bato had a total of 2000 hours of bandsawing experience while the bandsawer 
in Matalom had a total of 900 hours of bandsawing experience of which 100 hours were part 
of his apprenticeship with the bandsaw owner who had been a bandsawers’ supervisor in a 
large logging firm for 15 years.  
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Figure 3. Sequence of board cutting in ‘live’ sawing employed in the sawing trials 

 
DATA COLLECTION, PROCESSING AND ANALYSIS  
 
The sawing trial used logs obtained from approximately 10 year-old gmelina (Gmelina 
arborea Roxb.) trees grown on smallholder farms in Bato and Matalom. Seventeen trees 
were felled during the Bato sawing trial and of these 10 trees were allocated for chainsawing 
and seven were allocated for bandsawing. For purposes of financial analysis, standing trees 
were measured following the ACIAR tree measurement protocol described by Monterola et 
al. (2007). From these trees in Bato, 18 logs from 10 trees were used in the chainsawing trial 
while 27 logs from the other seven trees were used for the bandsawing trial.  
 
In the Matalom sawing trial, 30 four-foot long logs were purposively picked for bandsawing 
from a pile of gmelina logs in the mill yard. For the chainsawing trial in Matalom, five trees 
were purchased to obtain 30 straight logs of 4 foot in length.  
 
The diameter over bark at the largest end (big-end-diameter, BED) of each log was 
measured using a diameter tape and the log length was measured using a metre tape. The 
bark thickness at the big end of the log was measured using a bark thickness gauge and 
recorded in centimetres. The nominal thickness, width, length and number of boards 
produced from each log were recorded. A data sheet was used to record data for the sawing 
trial and data gathered from the sawing trial was entered into an Excel spreadsheet and the 
Statistical Package for Social Sciences (SPSS). Log diameters under bark were calculated 
as the difference between the over-bark diameter and the recorded bark thickness, e.g. 
small-end-diameter under bark (SEDUB) = SED over bark – 2 x bark thickness at small-end. 
Volumes under bark of unsawn logs were calculated using the Smallian formula as .7854 x 
(squared SEDUB + squared BEDUB)/2 x log length, where all the measurements were in 
metres and volume was in cubic metres. The sawn timber volume from a log was calculated 
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as the sum of the sawn timber volume from each board produced from the log. The volume 
of sawn timber for a piece of board was calculated in board feet1 and then converted to 
cubic metres. The sawn timber recovery rate was calculated as the quotient of the total 
volume of sawn timber board (m3) obtained from a log divided by its log volume underbark 
(m3). Volume calculations were made in Excel and the raw data were exported to SPSS. 
Descriptive statistics were generated using SPPS to present the profile of logs sawn and 
sawn timber boards. 
 
Two-way analysis of variance (ANOVA) was carried out in SPSS to determine whether the 
type of saw (chainsaw or bandsaw) and operator have a significant effect on sawing 
recovery rate. In the sawing trial design, log diameter and size of board cut from a log were 
assumed to have no effect on recovery rate. In the data analysis, these assumptions were 
first validated by generating scatter diagrams and regression equations in Excel showing the 
relationship between the response variable (sawn timber recovery rate) and the 
experimental factors (saw type and operator), as well as log and board dimensions.  
 
DESCRIPTION OF LOGS SAWN AND SAWN TIMBER PRODUCED 
 
The log and sawn timber data are presented in Table 1. There were 105 logs sawn, the 
majority having an average log diameter below 30 cm, and about one third with an average 
log diameter of 17 cm. Logs are generally short, the majority only suitable to produce 4 foot 
long boards. It is apparent in Table 1 that bark thickness was positively correlated with log 
diameter. The cross sectional board areas indicate the relative sizes of boards.  
 
Table 1. Summary of logs and sawn timber data from the sawing trial 
 
Diameter class 
(diameter under 
bark, cm) 

Average log 
diameter 

under bark 
(cm) 

Average 
log lengths 

(m) 

Average bark 
thickness at 
big end (cm) 

Average cross- 
section area of 

board  
(square cm) 

Number 
of logs 
milled 

11–14.99 13 1.29 0.62 45.81 15 
15–19.99 17 1.56 0.72 54.19 37 
20–24.99 21 1.39 0.81 53.55 26 
25–29.99 27 2.05 1.02 57.42 18 
30–34.99 31 2.41 1.06 65.81   8 
35–39.99 36 1.29 1.70 64.52   1 
Weighted average 21 1.63 0.81 54.19  

 
Because the majority of logs were cut into boards with a 2 inch (about 5.8 cm) thickness, a 
conclusion can be reached about what the widest board is that can be cut from a particular 
log diameter class. For example, it is reasonable to say that boards of 3 inches (around 7.62 
cm) wide with a thickness of 2 inches (around 5.8 cm) can be cut from logs with diameter of 
11–14 cm. Similarly, boards of 8 inches wide (around 20.32 cm) by 2 inches thick can be 
obtained from logs with a diameter of 25–29.9 cm. 
 
RELATIONSHIP OF LOG DIAMETER AND CROSS SECTIONAL AREA OF 
BOARDS TO RECOVERY RATE 
 
The relationships of log diameter and cross-section area of board to recovery rate were 
examined by plotting the log diameter and cross-section area of boards against the recovery 

                                                 
1 In the Philippines, sawn timber volume is mainly measured in board-foot, where 424 board-foot is 

equal to approximately 1 m3 
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rate for each of the sample logs in a scatter graph in Excel (Figures 3 and 4). As shown in 
Figures 4 and 5, there is obviously no linear relationship that exists between log diameter 
and recovery rate, as well as for the cross sectional area of boards to recovery rate. 
Regression analyses were conducted to test the null hypothesis that log diameter and 
recovery rate and cross-section area of board have no influence on recovery rate. The 
hypotheses were tested at α=.05 with 103 degrees of freedom for a two-tailed t-test. Results 
from the regression analyses are reported in Table 2, and reveal that the null hypotheses 
cannot be rejected. In other words, the analysis failed to show that recovery rate is 
influenced by log diameter and cross sectional area of boards. 
 
Table 2. Result of regression analysis for recovery rate as dependent variable and log 
diameter and cross-section area of board as independent variables 
 
Parameter Log diameter  Cross-section area of boards  
 Intercept Slope Intercept Slope 
Regression coefficient 53.872 -38.561 48.003 -0.038 
Standard error   4.705  22.121   2.707  0.044 
t statistic     11.449   -1.743 17.733 -0.851 
p-value       0.000    0.084   0.000  0.397 
r2       0.029    0.007  
Degrees of freedom     103       103  
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Figure 4. Scatter graph of board cross-section area and sawing recovery rate for logs sawn 
in the sawing trials 
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Figure 5. Graph showing the relationship of log diameter and sawing recovery rate for logs 
sawn in the sawing trials 

 
COMPARISON OF SAWING RECOVERY RATE BY SAW TYPE AND OPERATOR 
 
For the logs sawn in the sawing trials, the recovery rate was compared by sawing equipment 
(bandsaw and chainsaw) and by equipment operators. The summary statistics of the sawn 
timber recovery rate are presented in Table 3. In this table, there is an indication that 
recovery rates by saw type and by trial site municipality are different. The recovery rates for 
the bandsaw and chainsaw for the Bato operators were 48% and 36% respectively, while for 
the Matalom operators the sawing trial yielded a recovery for bandsaw and chainsaw of 55% 
and 41%, respectively. To test the effect of two factors – saw type (Factor A) and operators 
(Factor B) – on sawn timber recovery rate, and interaction of these factors, a two-way 
analysis of variance (ANOVA) with interaction was conducted. The hypothesized population 
model is  
 

ntokbtojatoix ijkijjiijk 1,1,1,)( ===++++= εαββαμ  
 
where α and β represent treatment effects and αβ represents the interaction between them. 
 
Table 3. Summary statistics for sawing trial data by saw type and trial site municipalitya 

 
Factors Recovery rate (%) of Bato 

operator 
Recovery rate (%) of Matalom 

operator 
Row 

average 
Bandsaw 48 (0.0257) 55 (0.0171) 52 
Chainsaw 36 (0.0292) 41 (0.0144) 39 
Column mean 42 48 45 

a Figures in parentheses are standard error of the mean. 
 
In this two-way ANOVA the following questions are evaluated: 
 

1. Are the recovery rates for groups included in the model the same. i.e. is the sawing 
recovery for bandsaws the same as sawing recovery from chainsaws (null hypothesis 
for Factor A)? 
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2. Is the sawing recovery rate for Bato operators the same as that for Matalom 
operators (null hypothesis for Factor B)? 

3. Is there is interaction between the saw used (bandsaw and chainsaw) and the 
operators (Bato and Matalom operators)? 

 
These hypotheses were tested at the 5% significance level. The ANOVA was conducted 
using SPSS, and the ANOVA table is presented as Table 4. 
 
Table 4. Two-way ANOVA table for test of effect of saw type and saw operators on recovery 
rate (%) 
 
Source of variation Sum of 

squares 
Degrees of 

freedom 
Mean  

square 
      F Sig. 

Model 22.738a 4     5.685 492.97 .000 
Sawtype .471 1 .471 40.81 .000 
Operator 0.08943 1 0.08943 7.76 .006 
Sawtype * Operator 0.003296 1 0.003296 0.29 .594 
Error 1.165 101 0.01153   
Total 23.903 105    
a R squared = 0.951; adjusted R squared = 0.949 
 
The ANOVA indicates that there is a highly significant difference in the recovery rate among 
factors included in the analysis. There is a highly significant difference in the sawing 
recovery rate between chainsaw and bandsaw, basically due to the reasonably large 
difference in the average recovery rate of the two saw types. There are significant 
differences in the sawn timber recovery rate between operators, while the interaction among 
factors is non-significant. It can be concluded that both the saw type and the operator have 
an effect on the sawing recovery rate. 
 
DISCUSSION OF RESULTS AND CONCLUSION 
 
The sawing trial revealed that for sample logs with diameters ranging from 11 to 36 cm, the 
recovery rate was not affected by log diameter. This means that small logs are likely to have 
a sawing recovery rate the same as for big logs if ‘live sawing’ or ‘plain sawing’ is employed. 
The cross-section area of the board representing the size of boards cut from a cross section 
shows a weak relationship to the sawing recovery rate. This means that in the case of ‘live 
sawing’, board size has a low effect on sawing recovery rate because basically there is 
minimal cross-cutting hence less waste due to saw cuts. From these findings, it is clear that 
sawing trials can be conducted without considering log sizes and sizes of boards cut (for live 
sawing), particularly when financial resources are limited. Recovery rates for any logs and 
for any ‘live-sawn’ boards produced can be compared, particularly when financial resources 
are scarce and co-operators are limited.  
 
The main objective of this sawing trial was identifying which among the factors (saw type 
and operator) have an effect on sawing recovery. Results from a two-way analysis of 
variance suggest that both factors have a significant effect on sawing recovery rate. The 
average sawing recovery rate of bandsaw and chainsaw by operators is presented in Table 
4. The average sawing recovery for bandsawing is 52% and for chainsawing is 39%. The 
difference between recovery rates may appear to be large if viewed as sawn timber volume. 
For example, if a chainsaw and a mini-bandsaw both cut 1 m3 of logs, it is expected that the 
chainsaw will yield about 165 bft of sawn timber while the bandsaw will yield 220 bft, or a 
volume difference of 55 bft. At a market price of sawn timber of PhP18/bft, the value 
difference is PhP990. A further analysis of the financial implication of sawing recovery rate 
for a small-scale sawmilling enterprise is provided in a separate report in these Proceedings. 
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The chainsaw operators in these two trials have spent approximately the same number of 
years in chainsaw milling, but their skills in this task appear to differ. There is quite a huge 
difference in the number of bandsawing hours experience reported for the bandsaw 
operators involved in the sawing trials. The Matalom bandsawer, who has less experience in 
terms of total number of hours of bandsawing, has a higher recovery rate which may be the 
result of the 100 hours spent in apprenticeship.  
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8. FINANCIAL EVALUATION AND 
IMPLICATIONS OF SAWING RECOVERY OF 
CHAINSAWS AND MINI-BANDSAWS IN 
SMALLHOLDER TIMBER PROCESSING 

 
Edwin Cedamon, Steve Harrison and John Herbohn 
 
 
A trial was conducted in late 2008 and early 2009 to compare the sawing recovery rate using 
chainsaws and mini-bandsaws in small-scale timber processing on Leyte Island, the 
Philippines. The sawing recovery rate for chainsawing was found to be 39% while that for 
the mini-bandsaw was 52%. The financial feasibility of using both saws in processing timber 
from smallholder tree farms on the island as well as its policy implications are evaluated in 
this paper. The net revenue of small-scale sawn timber processing is PhP873/m3 from 
chainsawing and PhP1895/ m3 for bandsawing. Profitability of sawn timber processing was 
found to be highly sensitive to sawing recovery rate and therefore both the use of saws with 
a smaller kerf and training of the saw operators are recommended. Profitability was also 
found to be highly sensitive to haulage distance of sawn timber. Negative returns were 
predicted for a hauling distance of more than 2.25 km and 3 km for chainsawn timber 
processing and bandsaw milling, respectively. It is recommended that farmers, extension 
agents at local government units and Foresters of the Department of Environment and 
Natural Resources (DENR) should consider road access in forestry promotion if tree farming 
is oriented towards the sawn-timber market. 
 
 
INTRODUCTION 
 
On Leyte Island, the Philippines, chainsaws and mini-bandsaws are the two most common 
types of saws used for converting logs into lumber. These two types of saws differ in saw 
kerf (blade thickness). The kerf for chainsaws is approximately 10 mm, and for mini-
bandsaws about 6 mm. There is a poor understanding, particularly among farmers on Leyte 
Island, of the impact of sawing recovery on overall returns of smallholder tree farm 
enterprises. In this paper, the answers to the following questions are sought: 
 

Given a choice between a chainsaw and mini-bandsaw, which machine would yield a 
higher net revenue in smallholder timber processing? 
To which factors is the profitability of smallholder timber processing net revenue most 
sensitive? 
How far from a road should the trees be located to achieve positive net revenue for both 
sawing machines? 

 
These are the critical questions that smallholder tree farmers, timber processors 
(chainsawers and mini-bandsawers), and timber retailers may consider in marketing 
smallholder timber. 
 
The next section of this paper describes how the analysis was carried out. A simple financial 
model comparing the net revenue of timber processing using a chainsaw and a mini-
bandsaw is then presented. The results from a sensitivity analysis and the scenario analyses 
are discussed in the fourth section. The paper concludes with answers to the research 
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questions, and a discussion of the implications of sawing recovery of chainsaw and mini-
bandsaw for smallholder tree farm enterprise. 
 
RESEARCH METHOD 
 
Sawing trials were conducted in Bato and Matalom on Leyte Island between September 
2008 and February 2009, to compare recovery rates of chainsawing and mini-bandsawing 
and to investigate if saw operators influenced the sawn timber recovery rate for the two saw 
types. An add-on objective of the sawing trial was to investigate some of the financial and 
policy implications of sawing recovery rate from chainsaws and mini-bandsaws. Key 
informant (KI) interviews and participant observations were conducted to estimate costs and 
revenue of small-scale sawn timber processing. Bandsaw operators, tree farmers, chainsaw 
operators, and carabao skidders involved in the trials were interviewed as key informants. 
Cost and revenue estimates made by Bato KI were validated by the Matalom sawing trial 
cooperators. Most information gathered from Bato KI was found by Matalom KI as 
reasonably correct except for felling and hauling cost which was believed by Matalom KI to 
be high, relative to what they pay in Matalom. The felling and bucking cost was therefore re-
estimated by Matalom KI. The sawn timber recovery rate was estimated using data from the 
sawing trial as reported by Cedamon et al. (these proceedings).  
 
Snapshots of small-scale chainsaw milling and bandsaw milling enterprises are modelled in 
this paper. The model represents the processing of 1 m3 of sawn timber, involving 
purchasing standing trees from a farmer, hauling of logs and sawn timber by carabao 
skidders, sawing by chainsaw and bandsaw, and transporting logs or sawn timber to sawmill 
and customers respectively. Transaction costs and costs related to obtaining harvest and 
transport permits are not included in the model. Standing trees were purchased from a 
smallholder tree farm that is approximately 0.5 km from the barangay road. The distance 
from the barangay road to the town centre where most customers and the bandsaw mill are 
located is 3 km. The rent for sawing equipment (bandsaw mill and chainsaw) and 
accessories per unit of timber sawn is assumed to be sufficient to cover the cost of 
maintenance and replacement of the machine parts.   
 
Table 1 presents the estimated parameters of the simple financial model. The financial 
model was set-up in Excel and the Table and Scenario functions were used to undertake 
sensitivity and scenario analysis. The Excel chart function was also used to present 
scenarios meaningfully.  
 
The financial model assumes that the hauling distance from tree farm to the nearest road is 
0.5 km and the distance of the mini-bandsaw mill from the barangay road is 3 km. It is also 
assumed that the distance from the barangay where the trees were sawn by chainsaw to the 
customer is 3 km. The bandsaw motor power in this analysis is 3 horsepower (hp) which has 
implication for the timber turnout per day. The volume unit of timber considered in the 
subsequent financial analysis is cubic metre, on a sawn timber basis. 
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Table 1. Parameters in the simple financial model for small-scale sawn timber processing 
 

 

Physical and financial parameters Chainsaw Bandsaw 
Saw log market price (PhP/m3) 770 770 

Felling and bucking cost (PhP/m3) 740 740 

Off-road hauling cost for lumber (PhP/m3/km) 490 0 

Off-road hauling cost for log (PhP/m3/km) 0 400 

On road hauling cost (PhP/ m3/km) 100 100 

Total wage expenses for 2 men crew (PhP/day)  700 500 
Wage for operator (PhP/day) 400 300 
Wage for helper (PhP/day) 300 200 

Timber turnout (m3/day) 1.23 0.72 

Log requirement for m3 sawn timber (m3) 2.56 1.92 

Sawn timber recovery rate 0.39 0.52 
Rent for machine and accessories (PhP/day) 400 318 
Fuel and lubricant for chainsaw cost (PhP/m3) 600 0 

Electricity cost for bandsaw (PhP/ m3) 0 100 

On-road distance from barangay road to customers or  
selling outlet (km) 

3 3 

Off-road hauling distance from tree farm site to barangay road (km) 0.5 0.5 

Bandsaw motor power (hp)   3 

Sawn timber market price (PhP/board foot, bft) 16 16 

THE FINANCIAL MODEL COMPARING THE NET REVENUE OF TIMBER 
PROCESSING USING CHAINSAW AND MINI-BANDSAW 
 
The cost and revenue of producing 1 m3 of sawn timber using a chainsaw or bandsaw is 
calculated on the basis of the parameters and assumptions presented in Figure 2. The first 
column of Figure 2 lists the cost and revenue items, the second and third columns report the 
calculated costs and revenues for chainsawing and mini-bandsawing while the fourth column 
shows the difference between cost and revenue items for the two sawing equipment types. 
The negative sign in the fourth column indicates that bandsaw milling cost or revenue is 
lower than that for chainsaw milling. There are key differences in costs between the two 
sawing options. For example, bandsaw milling has a lower log cost, felling and bucking cost, 
and also milling cost compared to chainsaw milling, while chainsaw milling has a lower 
transport and labour cost than bandsaw milling. The lower log cost and the felling and 
bucking cost in bandsaw milling is due to the fact that bandsaw milling requires less log 
timber per cubic metre of sawn timber than does chainsaw milling, due to the higher 
recovery rate. In addition to this, the lower cost for bandsawing is brought about by lower 
rental charges on machinery and accessories. It is apparent that the saving on log cost in 
the case of bandsawing is sufficient to cover the transport cost differential. Based on the 
parameter estimates and assumptions presented above, the net revenue of processing 1 m3 
by chainsaw is PhP873 and by mini-bandsaw is PhP1895. 
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Figure 1. Simple financial model of small-scale sawn timber processing by chainsaw and 
bandsaw  
 
SENSITIVITY AND SCENARIO ANALYSES 
 
To investigate the sensitivity of net revenue to individual cost parameters, a sensitivity 
analysis was undertaken using the Table function in Excel. Parameters listed in Table 3 
were adjusted by plus or minus 20% to represent optimistic and pessimistic values. The net 
revenue was calculated for the estimated optimistic and pessimistic values for each 
parameter in turn with the other parameters held constant at their most likely values. The 
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sensitivity analysis reveals that the net revenue of small-scale sawn timber processing using 
a chainsaw and bandsaw is both highly sensitive to sawing recovery rate and log market 
price. The sensitivity ranks of parameters in Table 2 provide an explanation as to which 
parameter the net revenue of small-scale sawn timber processing is sensitive to. 
 
Table 2. Sensitivity analysis for the small-scale sawn timber processing model 
 
Cost or revenue item Pessimistic Current Optimistic Sensitivity 

rank 
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Recovery (%) 31 42 39 52 47 62   
Net revenue (PhP) -126 975 873 1895 1532 2519 1 1 
Hauling distance off-road (km) 0.6 0.6 0.5 0.5 0.4 0.4   
Net revenue (PhP) 824 1818 873 1895 922 1972 7 5 
Hauling distance on-road (km) 3.6 3.6 3 3 2.4 2.4   
Net revenue (PhP) 813 1780 873 1895 933 2011 6 4 
Labour cost (PhP) 840 600 700 500 560 400   
Net revenue (PhP) 759 1756 873 1895 987 2034 4 3 
Fuel and lubricant or electricity 
(PhP) 

720 120 600 100 480 80   

Net revenue (PhP) 753 1875 873 1895 993 1915 3 7 
Rent for machine and 
accessories (PhP) 

480 382 400 318 320 254   

Net revenue (PhP) 808 1849 873 1895 938 1941 5 6 
Log market price (PhP) 924 924 770 770 616 616   
Net revenue (PhP) 478 1599 873 1895 1268 2191 2 2 

 
In a scenario analysis, the optimistic, most likely and pessimistic values of parameters listed 
in Table 3 were simultaneously adjusted in calculating the net revenue of sawn timber 
processing. Using the Scenarios function of Excel, the net revenue of small-scale chainsaw 
and bandsaw milling was calculated and the resulting values are presented in Table 3. For 
the pessimistic scenario, the values of parameters are set at adverse levels (costs items 
increased and revenue items decreased by 20%) and for the optimistic scenario the values 
of parameters are set at favourable levels. For the pessimistic scenario, the net revenue 
from chainsaw milling is predicted to be negative while that of bandsaw milling is positive. 
This indicates that small-scale chainsaw milling is a bigger risk than small-scale bandsaw 
milling.  
 
The net revenues of small-scale chainsaw and bandsaw milling were predicted for various 
levels of sawing recovery rates and off-road hauling distances. The Table function of Excel 
was used to predict net revenues for most likely scenarios at each specified level of sawing 
recovery rate and hauling distance holding other estimated parameters values constant.  
Line graphs were generated to present scenarios meaningfully. Figure 2 shows the net 
revenue of small-scale chainsaw milling and bandsaw milling at varying recovery rates. At  
about 49.3% sawing recovery rate, the net revenue lines for both saw types converge. Below 
49.3% recovery rate, chainsaw milling is more cost-effective than bandsaw milling and 
above this convergence point, bandsaw milling has lower cost, ceteris paribus.  
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Table 3. Scenario analysis of small-scale chainsaw and bandsaw milling financial model 
 
Parameter Scenario for chainsaw 

milling 
Scenario for bandsaw 

milling 

  
Most 
likely 

Pessi-
mistic 

Opti-
mistic 

Most 
likely 

Pessi-
mistic 

Opti-
mistic 

Sawing recovery rate 0.39  0.31 0.47 0.52 0.42 0.62 
Log market price  770 924 616 770 924 616 
Fuel and lubricant or electricity 600 720 480 100 120  80 
Labour cost 700 840 560 500 600 400 
Off-road hauling distance   3  3.6  2.4   3  3.6  2.4 
On-road hauling distance 0.5 0.6 0.4 0.5 0.6 0.4 
Rent of sawing equipment 400 480 320 318 382 254 
Net revenue 873 -1031 2267 1895 165 3133 
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Figure 2. Line graph of predicted net revenue of small-scale chainsaw milling and bandsaw 
milling at various sawing recovery rates 
 
The relative profitability for the two saw types in relation to distance of tree farms from a road 
is examined by plotting the predicted net revenues for various distances. Figure 3 presents 
the line graph of net revenue of the saw types at various distances of the tree farm from a 
road. Figure 3 shows that chainsawing and bandsawing would have positive net revenue for 
trees located no further than 2.25 km and 3 km from a road, respectively, assuming all other 
parameter values are held fixed. It is also notable in Figure 3 that bandsawing has a higher 
positive net revenue than chainsawing. This may be due to the small differential in off-road 
hauling cost.  
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Figure 3. Net revenue of small-scale chainsaw milling and bandsaw milling in relation to off-
road hauling distance 
 
RESEARCH IMPLICATIONS AND CONCLUDING COMMENTS 
 
Cedamon et al. (2009) found a significant and large difference in sawing recovery rate 
between chainsaws and bandsaws. The financial implication of sawing recovery rate 
differential was evaluated by developing a simple financial model considering some costs 
that may perhaps be incurred in a sawn timber processing business. The net revenue of 
bandsawing is more than twice what of chainsaw milling because of the higher sawn timber 
recovery rate. A sensitivity analysis showed that the profitability of sawn timber processing is 
highly sensitive to sawing recovery and sawn timber processors should place a high priority 
on improving the sawn timber recovery rate. Apparently, using saws with a smaller kerf can 
increase sawing recovery. Cedamon et al. (2009) reported that skilled operators achieve a 
higher sawing recovery, which suggests that improving skills through providing training for 
sawers is a feasible option. Holding-Anyonge and Roshetko (2003) commented that training 
and certification of mobile powersaw operators will not only increase returns in the timber 
industry, but the improvement in the timber conversion rate will also increase the quantity of 
timber reaching local and national markets and enhance the sustainability of planted trees 
on-farm and natural timber resources. The line graph of net revenue at varying off-road 
hauling distances reveals that to obtain a positive net revenue, trees should be located not 
further than 2.25 km from a road if processed using a chainsaw and 3 km in bandsaw 
milling. Obviously, the trees should be relatively near roads or have road access to minimize 
off-road hauling costs. This result is relevant for extension agents at local government units 
and Foresters of the Department of Environment and Natural Resources in providing 
recommendations for tree farmers planning to establish new (or expand existing) tree farms. 
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9. RATIONALE AND KEY RESEARCH 
QUESTIONS ADDRESSED BY FIELD TRIALS 
ESTABLISHED AS PART OF THE ACIAR 
SMALLHOLDER TREEFARMER PROJECT 

 
John Herbohn, Nestor Gregorio and Jerome Vanclay 

 
 
A series of field trials have been established as part of the ACIAR Smallholder Tree Farmer 
Project. These trials are designed to have both a research and demonstration function. A 
field trial was designed to investigate the potential interaction between four species providing 
a combination of native and exotic species and nitrogen-fixing vs non-nitrogen-fixing. 
Importantly, this design provides information about different mixture ratios using only one 
plot. This field trial will provide important information about the interactions of the four 
species when grown in varying mixture ratios. A clinal trial using the design of Vanclay 
(2006) was established in Leyte Leyte in December 2007 using four species. This trial will 
provide important information on ideal spacing at which trees should be established and how 
initial planting density affects site capture and early growth, especially in respect to 
indigenous species. Field trials have also been established to investigate the effect of 
fertiliser and shade on the establishment and early growth of mayapis and to demonstrate 
the positive impact that the use of high quality germplasm and good early age silviculture 
has on the growth of gmelina. The establishment of the field trials has been an important 
capacity building exercise within the project team. Filipino collaborators have been intimately 
involved in the design, establishment and monitoring of the field trials and are now capable 
of establishing similar rigorous field experiments. 
 
 
INTRODUCTION 
 
Analysis of the tree inventory database indicates that on average only about 30% of site 
potential in terms of timber yield is being captured by smallholder tree farmers in Leyte. This 
suggests that substantial improvements in timber yields, and hence financial returns, could 
be made with improved silviculture. However, there is a lack of locally-relevant evidence-
based silviculture prescriptions for key species, including Gmelina arborea Roxb. and 
Swietenia macrophylla King., especially in relation to the likely impacts of the two key 
silvicultural practices of thinning and pruning of mature stands in Leyte. There is also a lack 
of rigorous field trial data for many other species of interest to smallholders. In particular, 
there is great interest in indigenous timber species but few evidence-based 
recommendations on what species offer the greatest potential and how these species should 
be grown. The field trials were designed to investigate ways to improve the performance of 
existing plantations, and design better performing tree farm systems for new plantations. 
 
Field trials established as part of ACIAR project ASEM/2003/052 – Improving Financial 
Returns to Smallholder Tree Farmers were required to serve both research and 
demonstration functions. This requirement has a number of implications and constraints. 
First, the sites need to be highly visible and accessible, hence all sites have been located 
adjacent to roads. This requirement resulted in difficulty in obtaining suitable sites and some 
compromises had to be made in terms of total area available for planting. Second, the 
species studied had to be of high interest to smallholders. Third, for existing plantations, only 
two species have been planted widely (gmelina and mahogany) and hence research on 
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improving the performance of existing plantations had to be restricted to these two species. 
Fourth, while there was a broad range of species of interest to smallholders, planting 
materials were not available for some species of high interest, particularly dipterocarp 
species which fruit on an irregular basis. 
 
FIELD TRIALS – EXISTING TREEFARMS 
 
Existing tree farms on Leyte Island consist almost exclusively of gmelina and mahogany, 
most of which are in excess of 10 years in age. At this age, pruning is not a feasible option 
and thinning is the main silvicultural option available to improve yields. It is, however, 
uncertain whether thinning will have a marked effect on growth for stands of advanced age 
and whether such late-age thinning is economically viable. Field trials were established to 
address the following questions: 
 

• Is there potential to improve yields of gmelina and mahogany, even if they are 
thinned at an advanced age? (Will the remaining trees grow any faster?)  

• Is it financially viable to thin?  
• Can demonstration sites be used to convince smallholders of the need to thin? 

 
Thinning experiments were established at Bato (14 year old gmelina, 14 year old mahogany) 
and Maasin (8 year old mahogany). Trees at each site were mapped and dbh and height 
recorded. The thinning strategy employed was to remove all poorly-formed stems and then 
where several well-formed trees remained clumped together, removal of sufficient stems to 
reduce immediate competition from neighbours. At the same time, nutrient cycling studies 
were established in each of the plots (Figure 1).   
 

 
Before 

 

 
After 

Figure 1. 12 year old mahogany at Bato before and after thinning. Note leaf litter traps and 
stemflow collectors located in the site as part of nutrient cycling studies 
 
FIELD TRIALS WITH SPECIES MIXTURES 
 
There is much interest in the Philippines in growing indigenous species, particularly in 
mixtures. There is a large number of potential species that are of interest to smallholders 
and it was beyond the scope of the project to establish extensive field trials. Instead, trials 
were focused on several key species with a view to answering several specific research 
questions which have relevance both in the Philippines and elsewhere in the tropics. In 
particular, much has been suggested in the scientific literature about the possible benefits of 
mixtures over monocultures but there is still little evidence to support these propositions. 
There have been suggestions that benefits in overall productivity can be achieved by 
growing non-nitrogen-fixing species with nitrogen-fixing species. 
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A field trial was designed involving four species providing a combination of native and exotic 
species and nitrogen-fixing vs non-nitrogen-fixing. The species were falcata (Paraserianthes 
falcataria (L.) I. Nielsen, exotic, nitrogen fixing), mahogany (exotic, non-nitrogen fixing), narra 
(Pterocarpus indicus Willd., indigenous, nitrogen fixing), and mayapis (Shorea palosapis 
Merr. native, non-nitrogen fixing). 
 
The planting design was based on the suggestions of Vanclay (2006, see Figure 4 in that 
article) for a planting design to investigate competition between four species (see Figures 2 
and 3). Importantly, this design provides information about different mixture ratios using only 
one plot. This field trial will provide important information about the interactions of the four 
species when grown in varying mixture ratios. 
 
 

     
 
Figure 2. Planting layout for mixed species trial based on Vanclay (2006) 
 X = Narra, O = Mayapis, □ = Mahogany, + = Falcata.  
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Figure 3. Mixed species trials in Leyte Leyte. Top – Mayapis (with shade), mahogany and 
falcate. Bottom – Nestor Gregorio taking photosynthesis readings for falcata with a portable 
infrared gas analyser 
 
VARIABLE SPACING PLANTING TRIAL 
 
There is little information about the ideal spacing at which trees should be established and 
how initial planting density affects site capture and early growth, especially in respect to 
indigenous species. Probably the most common planting density applied is either 3 m x 3 m 
or 3 m x 4 m, although a 1 m x 1 m planting configuration appears to have been used in 
many Leyte rainforestation sites. 
 
Spacing trials typically involve planting multiple plots at different spacing e.g. 2 m x 2 m, 3 m 
x 3 m, 4 m x 3 m, 4 m x 4 m etc. This experimental design requires large amounts of land 
and other resources, both of which were not available to the smallholder tree farmer project. 
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An alternative planning clinal planting design has been suggested by Vanclay (2006, see 
Figure 5 in that article) which requires only one plot and which allows investigation of 
spacing effects on four species simultaneously (illustrated in Figures 4 and 5). 

 

 
 

Figure 4. Planting layout for variable spacing (clinal) trial based on Vanclay (2006). 
X = Narra, O = Mayapis, □ = Mahogany, + = Falcata. 
 
A clinal trial using the design of Vanclay (2006) was established in Leyte Leyte in December 
2007 using four species – mayapis, mahogany, falcata and narra. Measurements of DBH, 
crown radii and height have been made on height and DBH at three month intervals. In 
addition, photosynthesis measurements have been made at the site in December 2008 to 
February 2009. It is expected that useful (and publishable) results will be obtained on the 
analysis of the first year of growth data. 
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Figure 5. Variable spacing trial at approximately age 6 months. Mahogany in foreground, 
falcata tall trees in top right, narra middle left and mayapis under shade in middle 
background. 
 
FIELD TRIALS ON THE IMPACT OF SHADE AND FERTILISER ON MAYAPIS 
 
Anecdotal evidence suggests that shade is necessary when planting dipterocarp seedlings 
in open sites. From studies involving coffee trees (which also require shade) it was found 
that high soil fertility reduces the requirement for shade. A shade and fertiliser trial was 
established in Leyte Leyte to address the following questions:   
 

• What are the impacts of shade and fertiliser on establishment and early growth of 
mayapis? 

• Are thatch cages or shade trees the best way to provide shade to mayapis 
seedlings? 

• Does fertiliser modify (i.e. reduce) the requirements for shade? 
 
PLANTING TRIALS OF GMELINA GERMPLASM SOURCE AND MANAGEMENT 
 
There appears to be great scope to improve the growth of gmelina through sound early age 
silviculture. However, it is difficult to convince farmers of the benefits of using improved 
germplasm and undertaking basic weed control and management activities. A field trial has 
been established at Mahaplag (illustrated in Figure 6) which addresses a series of questions 
related to early establishment practices, namely: 
 

• How do seedlings from different seed sources perform on outplanting, i.e. is there an 
advantage in using improved seed? 

• What impact does early-age management practices (i.e. weed control) have on 
performance? 

• What impact does early-age pruning have on the growth and net photosynthesis of 
young gmelina seedlings? 
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• How effective are demonstration trials (early-age management vs no management) 
in convincing smallholders of the benefits of management? 

 
  

 
Improved seeds 

 
4 m x 4 m 

 
Unselected 

seeds 
(managed) 
3 m x 3 m 

 
Superior 
seeds 

 
3 m x 3 m 

 
Unselected 

seeds 
(unmanaged) 

3 m x 3 m 

 
 
 
 

 
Figure 6. Planting layout for gmelina trial at Mahaplag 
 
CONCLUDING COMMENTS 
 
Field trials are long-term experiments, which typically take many years to produce 
publishable scientific results. In the case of the trials established under ASEM/2003/052 
publishable results have already been achieved for the variable spacing trial in Leyte Leyte, 
the gmelina trial at Mahaplag trials and the thinning experiments at Bato and Maasin. These 
early results are largely due to the well-thought-out experimental designs aimed at producing 
results from an early age, and further enhanced by the high growth rates of the species 
planted. The field trials will be maintained as part of ACIAR project ASEM/2006/092 and 
regular data collection undertaken and further results will be presented as part of the end-of-
project report. 
 
The establishment of the field trials has been an important capacity building exercise within 
the project team. Filipino collaborators have been intimately involved in the design, 
establishment and monitoring of the field trials and are now capable of establishing similar 
rigorous field experiments. It is expected that the field trials will continue to be maintained 
and monitored by Filipino collaborators well beyond the end of ASEM/2006/092. The field 
trials have the potential to be some of the most significant of their type anywhere in the 
world. 
 
REFERENCES 
 
Vanclay JK (2006) Experiment designs to evaluate inter- and intra-specific interactions in mixed 

plantings of forest trees. Forest Ecology and Management 233(2-3):366–374 
 
 





10. ESTABLISHING FIELD TRIALS TO 
PROMOTE SMALLHOLDER FORESTRY IN 
LEYTE, THE PHILIPPINES 

 
Nestor Gregorio, John Herbohn and Jerry Vanclay 
 
 
The quality of planting material is one of the key factors that determine the success of tree 
farming and reforestation activities. In the Philippines, low quality seedlings are commonly 
used in smallholder plantings for reasons such as the limited supply of high quality seedlings 
and smallholders’ lack of awareness of the benefits of using high quality planting stock. The 
ACIAR-funded seedling enhancement project has been carrying out training and extension 
activities to enhance the knowledge of tree farmers about the importance of high quality 
planting material and improve the capacity of nursery operators in the production of high 
quality seedlings. Various field trials were established to gain new knowledge on tree 
farming and to demonstrate to smallholders the result of adopting the best management 
practices. 
 
 
INTRODUCTION 
 
The application of appropriate silvicultural practices starting from seedling production up to 
the period when trees have reached maturity is a requisite for successful tree farming. 
Examples of these practices include the collection of germplasm from physically and 
genetically superior mother trees, production of healthy and robust seedlings without root 
deformities, pruning of trees to produce straight and long merchantable bole, and thinning to 
boost the growth of the best trees in the stand. 
 
In Leyte Province in the Philippines, a number of small-scale tree plantings exist for various 
objectives. Trees are planted in small blocks as a future source of timber, lines for 
windbreaks and to mark property boundaries, small numbers of trees within homesteads to 
provide shade, and farm hedgerows to promote soil stabilization. Harrison and Herbohn 
(2001) argued that smallholders in the Philippines are not getting maximum returns from 
their plantations. Trees are growing slowly, with poor stem form and heavy branches. This 
observation could be attributed to the use of low quality planting material, mismatching of 
site and species, and the absence of appropriate silvicultural treatment particularly thinning 
and branch pruning. Surveys carried out as part of the ACIAR Smallholder Forestry Project 
revealed that more information regarding the best nursery cultural practices, plantation 
establishment and maintenance is required for smallholders to increase the economic 
returns from planted trees. While training classes have been held by support agencies – for 
example by the Department of Environment and Natural Resources (DENR) – to improve the 
tree growing practices of smallholders, research such as that of Gregorio (2006) showed that 
skills of smallholders have not improved and the majority have not adopted the technologies 
conveyed in training classes.  
 
In general, smallholders are resource constrained. Every seedling they produce and plant 
corresponds to an investment (Thappa et al. 1991). Accordingly, smallholders are 
particularly selective in adopting technologies and will not readily subscribe to suggestions 
they are not sure will yield positive results. It is known that farmers will not readily adopt a 
given technology unless they can see how it works.  
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A field demonstration trial is one way of showcasing to smallholders the result of using 
sound tree farming technologies. Actual observation of the impact of the technology is 
envisaged to provide concrete learning and promote better technology adoption. For this 
purpose, a number of field trials have been established under the ACIAR-funded 
Smallholder Forestry Project in Leyte. This paper focuses on the purposes and processes of 
establishing the field trials. The objectives of each trial are presented, the methodology of 
establishing the field trials are outlined and the perceived impact of the trials on the 
promotion of smallholder forestry are discussed. 
 
DECIDING ON FIELD TRIALS TO ESTABLISH  
 
To gain new knowledge on tree farming and demonstrate to smallholders the result of 
adopting the best management practices, six trials were established as part of the 
implementation of the ACIAR Smallholder Forestry Project. These trials are:  
 

• continuous variable spacing trial,  
• mixed species trial,  
• shade by fertilizer trial on dipterocarp, 
• gmelina germplasm trial,  
• the physical quality of gmelina and mahogany planting stock trial; and  
• mahogany and gmelina thinning trial. 

 
The field trials were established to investigate field growth performance of planted trees in 
response to treatments and replicates. They serve as an extension tool to support the 
technologies disseminated as part of the Information, Education and Communication (IEC) 
program of the ACIAR Smallholder Forestry Project, specifically the Seedling Enhancement 
(Q-seedling) Project which emphasizes the importance and benefits of using high quality 
seedlings, appropriate planting design, and effective silvicultural treatments such as thinning 
and pruning.  
 
ESTABLISHING THE FIELD TRIALS 
 
Since their function is not only that of physical research but also to serve as an extension 
tool, the trials were established on sites that are readily accessible to visitors. Establishing 
the field trials involved a series of activities including a reconnaissance survey, signing the 
Memorandum of Agreement with the owners of the land where the trials were established, 
meetings with leaders of the communities to inform them about the trial, field planting, 
placing of signboards to advertise the trials, and employing a local resident to oversee the 
experiments. 
 
The Reconnaissance Survey 
 
Finding areas at which to establish the trials was a great challenge. Private land that is 
readily accessible is mostly used for agriculture rather than forestry. There is open land 
available for tree planting but this is mostly in the hinterland, which was deemed 
inappropriate for establishing the trials due to inaccessibility. Information of potential 
plantation sites was gathered from the DENR, Local Government Units and communities. 
After obtaining the information about potential plantation sites, actual visits to the selected 
sites, accompanied by owners or administrators of the land, were carried out to assess if the 
proposed lots would be appropriate for the trials.  
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Formalizing a Contractual Agreement with the Owner of the Land 
 
The field trials will continue for a number of years, on private land, so it was imperative to 
ensure security of right over the use of the land. Accordingly, Memorandums of Agreement 
(MOAs) were established between the owner of the land and the project. These are 
contracts that stipulate the rights and responsibilities of the owner of the land and the project 
researchers in respect of the field trials and the land where the trials are established. The 
contracts indicate the agreement of the owners to allow the project to utilize the land for the 
field trials for a specific period. The contracts also highlight the role of the project in the 
establishment and management of the field trial.  
 
Informing the Local People 
 
While the trials were established on private lots, trespassing on the trial sites by the locals in 
the communities as well as possible damage to the trees by domestic animals was 
anticipated. This is particularly true for sites which were used as pasture areas by the 
communities. To promote the protection of the field trial set-up by the local residents, 
community leaders were informed through a meeting where the purpose of the trials and the 
benefits the trial could provide were discussed. Among the benefits elucidated were the 
amelioration of the ecological condition of the locality, job opportunities in the maintenance 
of the plantation and the tree farming knowledge that the locals could gain from the 
plantation. 
 
Site Preparation and Field Planting 
 
Clear-brushing was done on each site to remove the existing vegetation cover and prepare 
the site for establishing the trial. Trees and patches of shrubs were cut and grasses were 
slashed. Cut biomass was hauled and piled on the side of the experiment plots.  
 
Trial layouts were established using a compass, tape and laser hypsometer1. Blocks and 
plots were marked with pegs and stakes were placed at individual planting points. Holes with 
a dimension of 30 cm wide, 30 cm long and 30 cm deep were dug at each planting point. 
The holes were filled with the dug soil prior to planting. During backfilling, the topsoil was first 
placed into the hole followed by the subsoil to place the relatively fertile topsoil in contact 
with the root system. Fencing consisting of bamboo slats and barb wire was erected to 
protect the trial from straying animals. 
 
Employing a Local to Oversee the Field Trial 
 
A person from the community has been hired for the daily overseeing of each trial. This 
person patrols the site daily to inspect the plantation and report any observations that need 
immediate attention by the project management, for example any seedling mortality. The 
hired person also holds the log book for visitors to write down their names whenever a visit is 
made to the plantation. The logbook records information about visitors including their name, 
address, affiliation and comments about what they have observed or learned in the 
plantation. 
 
Tagging Trees and Placing Signboards at the Trial Site 
 
The trials were established so that tree farmers could readily decipher all they would observe 
during visits. Complete tagging of trees in the plantation was done to show the treatments 
                                                            

1 Laser hypsometer is an instrument used to measure the height and diameter of trees, and distance 
between points. In preparing the site for the trials, this was used primarily in measuring the blocks. 
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and tree numbers. Signboards indicating the plot numbers and the treatments were placed in 
every plot. A signboard at each trial site indicates the title of the trial, the species planted, the 
experimental treatments, and date of establishing the plantation. Signboards were also 
placed along the national roads close the trials, to inform the people about the existence of 
the plantation and invite them to visit and learn from the trials.  
 
OVERVIEW OF THE FIELD TRIALS 
 
The field experiments were designed to answer research questions that would support the 
technologies that have been disseminated during training sessions and the extension 
material developed by the Seedling Enhancement Project. The following is a summary of 
each of the trials. 
 
The Continuous Variable Spacing and Mixed Species Trial 
 
A number of arguments have been raised against monoculture tree plantations particularly 
concerning the economic and environmental aspects. Mixed planting is encouraged to 
maximize the economic returns from plantations as well as for various ecological reasons. In 
mixed planting, the combination of various species and the spacing between trees are 
crucial considerations as these will profoundly affect the survival and growth performance of 
planted trees. Currently the optimum spacing between trees in a plantation remains 
uncertain to most tree farmers. Further, smallholders generally have very little knowledge of 
appropriate species combinations in mixed plantations. The lack of information on these 
important tree farming considerations led to the development of this study. This study aims 
to investigate the optimal spacing between trees to reduce the competition both below and 
above ground to a minimum but to maximize the use of the planting site. This study also 
investigates the complementarity effect of leguminous timber species when planted together 
with non-leguminous species in low fertility soil. If complementarity exists between legume 
and non-legume timber species, this study will determine the optimal spacing between 
planted trees to harness such complementarity.  
 
Two 60 m x 60 m plots were established in an area with acidic soil. Each plot was planted 
with legume timber species – namely falcata (A. falcataria) and narra (P. indicus) – together 
with the non-legume species mahogany (S. macrophylla) and mayapis (S. palosapis). The 
planting design was adopted from Vanclay (2004). In the first plot, seedlings of the four 
species were planted at a uniform spacing of 3 m x 3 m. In the second plot, the spacing of 
seedlings increased towards the edge of the plot so that seedlings at the middle of the plot 
were closer than seedlings on the edge of the plot. As with the first plot, the distribution of 
species followed the design presented by Vanclay (2004). 
 
Data recording is carried out every three months. Three batches of data have been 
collected, and are now undergoing analyses. Variables measured include plant height, base 
diameter, plant health, maximum photosynthesis (Pmax) and light response of the sample 
plants. The last two parameters are measured using the portable Infrared Gas Analyser 
(IRGA). Initial observations after one year from planting suggest that seedlings planted at 
closer spacing (from 0.3 m to 2 m) have a higher growth response compared to those 
planted at wider spacing (3 m up to 10 m). Further investigation will be conducted on the 
factors contributing to this observation. Observations of the microclimatic conditions at 
various points within the plantation will be collected, including light intensity, relative 
humidity, minimum and maximum temperature and soil physical and chemical properties. 
 
Shade by Fertilizer Trial 
 
Anecdotal evidence suggests that shade is necessary when planting dipterocarp seedlings 
in open sites. Many of the sites used for tree planting are open land and the establishment of 
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shade, either artificial or natural (e.g. nurse trees), entails additional expense to 
smallholders. The study of Beer (1987) done in a coffee plantation revealed that direct 
exposure to the sun did not have an adverse effect on the growth of coffee planted on fertile 
soil. This suggested that high soil fertility could help prevent the adverse effects of direct 
solar exposure on the growth of some plants. This study aims to validate the notion that 
dipterocarps require shade. Further, this study will investigate the optimal fertility level of the 
soil for dipterocarp seedlings to grow better even without using shade. 
 
The experiment is set up in an acidic soil using a randomized complete block design with 12 
treatment combinations (4 shade levels and 3 fertilizer rates) and three replicates. Shading 
methods include nurse trees and thatch cages built using bamboo slats. Data gathering is 
carried out every three months. Variables observed include plant height, base diameter, 
plant health, maximum photosynthesis (Pmax) and light response (LR) of the sample plants. 
 
Gmelina Germplasm Trial 
 
Physical and genetic characteristics of mother trees have a profound influence on the 
subsequent growth of planted seedlings. It is common practice among smallholders in Leyte 
to collect seeds from unselected sources and with no consideration of the phenotypic and 
genotypic characteristics of the mother trees (Gregorio 2006). This is particularly true for 
widely planted exotics including gmelina (Gmelina arborea), mahogany (Swietenia 
macrophylla) and mangium (Acacia mangium). This research aims to compare the field 
growth performance of gmelina seedlings raised from various sources including trees of poor 
physical characteristics (crooked stem, unhealthy, heavily branched, short bole), trees with 
desirable stem form (healthy with straight and long bole) and trees with superior genetic 
quality from a seed orchard. The trial also aims to investigate the variation of photosynthesis 
from various layers of the plant canopy and to investigate the effect of pruning on the growth 
and photosynthesis of gmelina. 
 
Three plots representing the three germplasm sources were established in relatively fertile 
soil. Each plot was planted with 100 seedlings of gmelina at a spacing of 3 m x 3 m. Only the 
inner 30 seedlings serve as experiment plants, with the outer two rows serving as border 
plants. Observations of various seedling parameters including basal diameter, height, health 
and stem for are made quarterly. Maximum photosynthesis rate (Pmax) and light response 
of planted seedlings were also collected using the portable Infrared Gas Analyser (IRGA).  
 
Preliminary analysis of the data shows that there is a significant difference on the growth 
performance of gmelina seedlings depending on the germplasm source. The genetically 
superior seedlings and seedlings from selected sources outperformed the seedlings from the 
unselected mother trees both in terms of height and diameter growth. A follow-on experiment 
is designed to further investigate the initial findings of this trial. 
 
Trial of Gmelina and Mahogany Planting Stock of Different Physical Quality  
 
Seedling quality is expressed by physical characteristics and genetic make-up. High physical 
quality is crucial especially for the initial establishment of seedlings in the field. Training 
sessions and nursery and plantation manuals, for example those of Carter (1987), 
Wightmann (1999) and Evans and Turnbull (2004), have emphasized the importance of the 
physical quality of seedlings. To support the technologies demonstrated in training sessions 
and those indicated in the reading material, a field trial investigating the impact of low 
seedling physical quality on the growth of seedlings in the field was established. 
 
Seedlings of gmelina and mahogany with varying physical qualities including bent stems, 
lanky shoots and damaged root systems due to being over-mature were obtained from 
private and government nurseries. Seedlings with J-roots and those with the ideal 
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characteristics (i.e. sturdy, straight stem and with straight taproot) were raised for this trial in 
the VSU nursery.  
 
Seedlings of mahogany and gmelina were planted in two blocks. Each block consists of five 
plots corresponding to the five treatments (i.e. bent shoots, lanky shoots, over-mature, J-
rooted, and with high physical quality). Twenty one trees are planted in each plot on a 3 m x 
3 m spacing but only the inner five trees in each plot are the experiment samples. The 
performance of seedlings in terms of survival and increase in basal diameter and height is 
monitored every two months. The health condition of the seedlings is also assessed. 
 
Mahogany and Gmelina Thinning Trial 
 
Thinning or the removal of usually the inferior trees in the stand is one of the silvicultural 
activities that should be done to maximize financial returns of the plantation. While thinning 
has been advocated and demonstrated in training sessions on tree plantation management, 
farmers are generally reluctant to remove some of the trees in their plantations. Data have 
been shown to farmers to demonstrate the improvement of the stand after the thinning 
process but there is no actual demonstration site showing the positive impact of thinning. As 
a demonstration site, thinning trials were established in mahogany and gmelina plantations 
in Bato and Maasin.  
 
Two 20 m x 20 m plots were established in each of the mahogany and gmelina plantations. 
One plot was subjected to thinning and the other plot was left unthinned. The diameter at 
breast height (dbh), merchantable height and crown diameter of trees within each plot were 
measured prior to the thinning operation. Inferior trees within plots to be thinned were 
identified, marked and felled. The bases for determining the inferior trees within the plots 
were stem form, height, health and dbh. Measurements of dbh, merchantable height and 
crown diameter of trees in the unthinned plots and trees left in the thinned plots were 
undertaken.  
 
IMPLICATIONS OF THE TRIALS FOR PROMOTING SMALLHOLDER FORESTRY 
 
The lack of information on tree farming technologies is an impediment in promoting 
smallholder forestry. IEC campaigns on nursery seedling production and plantation 
establishment and maintenance in the form of training and distribution of extension material 
have been undertaken by DENR and non-government organizations. In spite of these IEC 
activities, few smallholders have put these technologies into practice.  
 
While the field trials will investigate the effects of various treatments on the growth 
performance of the planted trees, the trials are also designed to support the information 
conveyed during training sessions and the printed extension material. The trials will 
showcase the impacts of appropriate practices, thus providing actual learning experience on 
the benefits of following the appropriate tree farming technologies.  
 

• The continuous variable spacing trial will demonstrate the appropriate spacing when 
planting trees on farms;  

• the mixed species planting trial will show the complementarity effects of planting 
legumes with non-legume trees;  

• the gmelina germplasm trial will showcase the importance of using superior 
germplasm from a selected source;  

• the trial using seedlings with varying physical qualities will emphasize the importance 
of considering the physical quality of seedlings as they are produced in the nursery.  

• The shading trial will validate the notion that dipterocarps will not grow well when 
planted in open sites.  
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• The thinning trial will demonstrate the importance of removing the inferior trees in the 
stand to bolster the growth of the remaining trees.  

 
The billboard placed on the nearest major road will inform people of the existence of the trial 
and invite those interested to visit the trial. The labels of the plots will provide information 
about the treatments so that visitors can compare the effect of the treatments.  
 
The direct observation by tree farmers of the difference in growth performance of trees 
among the different treatments together with a simple presentation of information generated 
from the analysis of the data are envisaged to provide useful and effective lessons for 
promoting smallholder forestry. It should be noted, however, that a demonstration planting is 
just one of the several tools used to improve the silvicultural knowledge of smallholders. 
While the trial provides visual learning, it should not be treated as a stand-alone extension 
method but rather as one coupled with other extension tools including the constant face-to-
face contact with the extension agent. 
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11. INITIAL GAS EXCHANGE RESULTS FROM 
FIELD TRIALS 

 
John Herbohn, Nestor Gregorio and Jerry Vanclay 

 
 
Gas exchange measurements were undertaken at field trials to investigate the impact of 
thinning of 12 year old gmelina plantations located at Bato. Amax for leaves at the thinned site 
were significantly higher (p<0.05) than for leaves at the unthinned site. In addition, trees at the 
thinned site had an average dbh increment over the past 15 months of 5.6 cm compared with 
an average 3.5 cm dbh increment for trees at the unthinned site. It appears that the 
photosynthetic capacity of leaves of the trees at the thinned site has increased in response to 
an increase in resources made available to individual trees by the removal (thinning) of 
competing trees. Measurement of Amax at for four species in a mixed species trial revealed the 
following pattern: falcata>narra>mahogany>mayapis. This pattern is also reflected in the 
average height of each species but not in the pattern for average biomass (number of leaves) 
and dbh which followed the pattern of falcata>mahogany>narra>mayapis. The reversal of 
mahogany and narra suggests a different pattern of resource allocation. Narra has high rates 
of Amax with a smaller number of leaves compared with mahogany which has a lower rate of 
Amax but a much greater number of leaves and total leaf biomass. There was a substantial 
difference between the light curves for 11 month old gmelina trees in the three experiment 
plots with a 3 m x 3 m spacing compared with gmelina trees in the one experimental plot with 
a 4 m x 4 m spacing (Figure 6). The preliminary interpretation of these results is that at even a 
very early age, resources are becoming limiting for photosynthesis at a 3 m x 3 m spacing. 
This unexpected finding will be investigated further with a variable spacing trial. 
 
 
INTRODUCTION 
 
Field trials are long term experiments, which typically take many years to produce 
publishable scientific results. In the case of the trials established under ASEM/2003/052, 
publishable results have already been achieved for the variable spacing trial in Leyte Leyte, 
the gmelina trial at Mahaplag and the thinning experiments at Bato and Maasin. These early 
results are largely due to the well thought out experimental designs which were designed to 
produce results from an early age, and further enhanced by the high growth rates of the 
species planted. The field trials will be maintained as part of ACIAR project ASEM/2006/092 
and regular data collection undertaken and further results will be presented as part of the 
end of project report of that project. 
 
Photosynthesis is a physiological process involving the fixation of CO2 from the atmosphere 
and its conversion into organic matter and at the same time capturing energy from the sun. It 
is the key process that drives plant growth. Photosynthesis can be measured in a number of 
ways, one of the most common is to use a portable infrared gas analyser (IRGA) to measure 
changes in CO2 concentration as leaves photosynthesize. This paper briefly presents some 
of the early results from photosynthesis measurements made at the various field trials sites 
established as part of ASEM/2003/052. 
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METHODS 
 
Study Sites and Experimental Design 
 
Gas exchange measurements were undertaken at each of field trials established as part of 
ACIAR project ASEM/2003/052. These field trials comprise of thinning trials for gmelina and 
mahogany located at Bato and Maasin; mixed species, variable spacing and shade/fertiliser 
trials in Leyte Leyte; and a gmelina germplasm and early age silviculture trial at Mahaplag. 
 
Trees in the Leyte Leyte and Mahaplag sites were generally between 0.3 m and 3 m and as 
such there was easy access to leaves. At the Bato and Maasin sites, the trees were mature 
and ranged in height from 20 m to 31 m. In order to gain access to canopy leaves at these 
sites, four bamboo towers (Figure 1) were constructed (see Herbohn et al. in preparation for 
further details).   
 
 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
Figure 1. Canopy tower in thinned 
gmelina plot at Bato (top left), 
Canopy tower in unthinned gmelina 
plot at Bato (top right) and team 
members undertaking gas exchange 
measurements (bottom) on platform 
at unthinned site at Bato 
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Gas Exchange Measurements  
 
Light response curves were determined for trees occurring at each site. In the case of 12 
year old gmelina at Bato, response curves were determined on consecutive days for 5 trees 
at the unthinned and thinned sites. Environmental conditions were similar on both days. Leaf 
gas exchange was measured using a LI-6400XT (LI-COR, Lincoln, Nebraska) portable gas 
exchange system with a 6400-02B LED leaf chamber. Light response curves were 
constructed using the automatic light curve function available with the LI-6400XT version 6 
software. Photosynthetic Photon Flux Density was initially set at 2000 μmol m-2 s-1 and then 
stepped down in nine increments to 0 μmol m-2 s-1. A flow rate of 500 μmol and the 
reference CO2 concentration was set at 400 μmol CO2 mol-1 air. Leaf chamber humidity was 
maintained at 60 to 80 % and leaf temperature at 29–31 oC. All measurements were made 
between 9 am and 3 pm and were suspended if leaves exhibited signs of wilting or if 
conditions became excessively hot (i.e. above 33 oC) or wet. Light saturated photosynthesis 
(Amax) was measured at 2000 μmol m-2 s-1 for additional individual trees at each site. Unless 
otherwise stated, measurements were made on fully expanded sun leaves. 
 
For the gmelina trial at Mahaplag, average light response curves for each of the 
experimental plots were obtained by measuring three leaves on each of five randomly 
selected trees. One leaf measurement was discarded from two sites due to apparent 
inconsistencies in the data once plotted. For 5 randomly selected trees in each plot, the tree 
was divided into vertical quadrants (Figure 2) and Amax was measured for three leaves in 
each quadrant. The first leaf was at random in the quadrant, the next two leaves sampled in 
the quadrant were then selected by moving 120o in both a clockwise and anti-clockwise 
direction.  
 
 
 
 
 
 
 

Q1

Q3

Q2

Q4
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Identifying and measuring quadrants on 8 month old gmelina trees at Mahaplag 
 
RESULTS AND DISCUSSION 
 
Light response curves for 12 year old gmelina at the thinned and unthinned sites at Bato are 
presented in Figure 3. The light response curves at the thinned site are generally higher than 
those for trees at the unthinned site, with only a slight overlap. T-tests revealed that Amax for 
leaves at the thinned site were significantly higher (p<0.05) than for leaves at the unthinned 
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site. In addition, trees at the thinned site had an average DBH increment over the past 15 
months of 5.6 cm compared with an average 3.5 cm DBH increment for trees at the 
unthinned site. It appears that the photosynthetic capacity of leaves of the trees at the 
thinned site has increased in response to an increase in resources made available to 
individual trees by the removal (thinning) of competing trees. This response is probably due 
to the increased availability of a limiting resource such as light, water, a macronutrient such 
as N or P or a combination of these. It is also interesting to note that this impact starts to 
become statistically significant at quite low levels of PPFD. 
 

Figure 3. Light response curves for Gmelina trees at thinned and 
unthinned plots at Bato
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The average light response curves for the four species used in the mixed species trial in Leyte 
Leyte are given in Figure 4. Amax follows the pattern of falcata>narra>mahogany>mayapis. 
This pattern is also reflected in the average height of each species but not in the pattern for 
average biomass (number of leaves) and dbh which followed the pattern of 
falcata>mahogany>narra>mayapis. The reversal of mahogany and narra suggests a different 
pattern of resource allocation. Narra has high rates of Amax with a smaller number of leaves 
compared with mahogany which has a lower rate of Amax but a much greater number of 
leaves and total leaf biomass. There is a far greater variability in both the shape of the 
individual light response curves and Amax for mayapis compared with the faster growing 
falacta, mahogany and narra (Figure 5).  
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Figure 4. Average light curves for species used in mixed species trial 
 
 

(a) Light response curve for Mayapis 
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(b) Light response curves for Narra 
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Figure 5. Individual light response curves for individual trees for each species used in the 
mixed species trial in Leyte Leyte 
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(c) Light response curve for Falcata (unadjusted) 
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(d) Light response curve for Mahogany (unadjusted) 

-5

0

5

10

15

20

0 500 1000 1500 2000 2500

Light intensity (μmol m-2 s-1) 

P
ho

to
sy

nt
he

si
s

(μ
m

ol
 C

O
2 

m
-2

 s
-1

) Tree 83
Tree 77
Tree 56
Tree 24
Tree 12
Tree 24 - 2

 
 
Figure 5 (Cont.). Individual light response curves for individual trees for each species used 
in the mixed species trial in Leyte Leyte 
 
There was a substantial difference between the light curves for 11 month old gmelina trees 
in the three experiment plots with a 3 m x 3 m spacing compared with gmelina trees in the 
one experimental plot with a 4 m x 4 m spacing (Figure 6). The differences were statistically 
significant, as evidenced by the non-overlap of standard error bars. The preliminary 
interpretation of these results is that at even a very early age, resources are becoming 
limiting for photosynthesis at a 3 m x 3 m spacing. This unexpected finding will be 
investigated further with a variable spacing trial. 
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Figure 6. Light response curves for 11 month old gmelina treatments at Mahaplag 
 
For each of the four experimental plots at Mahaplag there was a trend of increasing Amax 
from the lower Quadrant 1 to the upper Quadrant 4 (Figure 7). This is consistent with the 
greater proportion of older (and hence less photosynthetically active) leaves being located in 
the lower two quadrants and the upper quadrants containing a higher proportion of younger 
and highly photosynthetically active leaves. It is also interesting to note that there is much 
greater variability in Amax across the quadrants in sites from sites two and four with 
unselected germplasm.     
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Figure 7. Amax by quadrant for 8 month old gmelina trees at Mahaplag 
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12. ATTITUDES TOWARDS TREE FARMING 
AMONG SMALLHOLDERS ON LEYTE 
ISLAND, THE PHILIPPINES 

 
Josiefer Jesusco, Steve Harrison, Eduardo Mangaoang and Edwin 
Cedamon  
 
 
This paper examines findings from a socio-economic survey of Leyte Island smallholders 
concerning their attitudes towards tree farming. It was found that smallholders’ intentions to 
plant trees depend on the availability of land and their access to credit institutions to finance 
their tree farming and related activities. The smallholder tree growers reported that they have 
not yet experienced any other substantial constraints as far as the growing of trees is 
concerned. Tree growing intentions were motivated mostly by the desire to provide a legacy 
for children and grandchildren and environmental objectives. About 45.7% of the 
respondents were found to have registered their planted trees and they generally had not 
experienced any difficulties in carrying out tree registration. A significant relationship was 
found between interest to register trees and some socio-economic variables, including 
indicators of well-being and socio-demographic profile. 
 
 
INTRODUCTION 
 
The Philippine forests have been declining continuously in physical, economic and 
environmental terms over the last 60 years (Dolom et al. 2007). At present, forest destruction 
has reached alarming levels, which is considered to be a consequence of the high incidence 
of poverty in the uplands. The Department of Environment and Natural Resources (DENR), 
as the government agency responsible for the management of the country’s forest 
resources, has undertaken several initiatives to hasten reforestation and rehabilitation of 
grasslands and brushlands within public forestland. It has adopted several programs and 
has entered into various management agreements to accelerate reforestation of both public 
and private land. 
 
Forest management in the Philippines has been decentralized and the responsibility for 
developing and managing forest resources has been transferred into the hands of the local 
people (Gregorio 2006). A positive attitude towards tree growing by the poor populace is 
therefore crucial for the realization of whatever government policies and programs are 
implemented towards sustainable development and management of forest resources. Since 
these local people are the primary users of the forest resources, it is important to consider 
the attitudes and other socio-economic characteristics of these dwellers who are considered 
to be the local managers of the country’s forest resources. 
 
This paper reports findings of a survey of smallholders attitudes, perceptions, intentions and 
future plans for tree farming, which was part of the ACIAR Tree Farmer Project. The output 
of this research undertaking was intended to serve as a guide for policy-makers at the DENR 
to develop a decision-support system to advocate policy changes for the success of 
smallholder tree growing on the island.  
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RESEARCH METHOD 
 
A socio-economic survey was carried out in 2006–07 to document the socio-economic 
characteristics and attitudes of smallholder tree farmers on Leyte Island towards tree 
growing. A sample of seven municipalities in Leyte and Southern Leyte provinces was 
selected using (single stage) probability proportional to size (PPS) sampling. Within selected 
municipalities, the target sample for the survey of tree farmers was the sample of tree farms 
selected for the forestry inventory study, for which a requirement was set that they had a 
minimum tree area of 0.1 ha and at least 100 trees. A sample of 81 tree farms was finally 
obtained for the socio-economic survey. It must be noted that the sample members were not 
typical of rural households on Leyte Island, in that they were relatively well off, having 
sufficient land and finance to grow trees for timber production. 
 
The survey study investigated the tree farmers’ (a) household demographics, (b) indicators 
of well-being, (c) farm and farming enterprises, (d) production and sales, (e) income sources, 
(f) forestry systems and management, (g) tree registration issues, (h) timber selling 
experiences, views and know- how concerning forestry, and (i) attitudes related to forestry 
and agroforestry. Further details of the survey method and some preliminary findings from 
the survey are reported by Sevare et al. (2007). This paper concentrates on sections (a), (b), 
(g) and (i) of the survey responses. 
 
RESULTS FROM THE SURVEY  
 
Of the total of 81 smallholder tree growers interviewed, 90% were male and were also the 
farm owners and primary decision-makers in their respective households (Table 1). 
Reported ages of the primary decision-makers ranged from 36 to 85 years, with about 30% 
in the range 56–65 years. Respondents had been residing in their village for an average of 
42 years, with a range of 8 to 82 years. Out of 336 total household members of 81 
respondents, 69.0% were aged 18 years and above, 17.3% were aged 12–17 years and 
only 13.7% were under 12 years of age.  
 
Table 1. Summary of demographic characteristics of sample households 
 
Characteristic Frequency distribution 

Respondent gender (n=81) Male 73(90.12); female 8(9.87) 
Ages of household members 
(n=336) 

Under 12 yrs– 46; 12 to 17 yrs, 58; 18 yrs and above – 232  

Age of primary decision maker 
(n=81) 

[36–45] - 8(9.87); [46–55] - 22(27.16); [56–65] -4(29.63); 
[66–75] - 15(18.52); [76–85] - 10(12.34); missing - 2(2.46)  

Highest education level 
completed (n=81) 

Primary schooling - 19(23.5); secondary schooling - 
16(19.7), certificate - 1(1.2%); tertiary degree - 40(49.4%); 
higher degree - 3(3.7%); missing - 2(2.4%) 

 
Of the 81 respondents, 23.5% had primary schooling, 19.8% had undertaken secondary 
schooling and 49.4% had some tertiary education. Only a few of the respondents 
interviewed had obtained some level of higher education. 
 
Attendance of Training Courses and Seminars 
 
More than half of the respondents (67.9%) claimed that they had not attended any seminars 
or training courses. For those who had, the types of seminars and training courses attended 
are summarized in Table 2. 
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Table 2. Training courses and seminars attended by the smallholders 
 
Training course or seminar  Frequency (n=81) Relative frequency (%) 
Seminar on tree farming related activities 11 13.6 
Agroforestry training 2 2.5 
Seminar on mango production (the ‘plant 
now, pay-later scheme’)a 

2 2.5 

Training course on rainforestation 2 2.5 
Program for Forest Ecosystem Management 
(PROFEM)b 

2 2.5 

Other reasonsc 7 8.4 
Not applicable (no answer) 55 67.9 
Total 81 100.0 

a The ‘plant now, pay later scheme’ is a Department of Agriculture arrangement dealing with fruit 
trees, abaca and other crops wherein beneficiaries will pay back the cost of seedlings after the 
farmer has harvested his crops 

b PROFEM is a joint undertaking involving no less than 14 government agencies and civic 
organizations. This nation-wide and integrated multi-faceted forestry ecosystem renewal program 
includes: reforestation and afforestation, agro-reforestation, establishment of industrial plantations, 
establishment of nation-wide seed and seedling banks, highways and roads beautification, and the 
establishment of communal forest and agroforest recreational parks and school and family 
orchards. 

c Other reasons include environmental management related training, focus group discussion (FDG) on 
nursery cultural practices, reforestation training, tree registration policies, training by Integrated 
Social Forestry, People’s Day seminars and information, and education and communication (IEC) 
for reforestation 

 
Affiliation to Community Forestry Group  
 
Only seven respondents were members of community forestry groups in their respective 
communities. Reasons for non-membership of community forestry group are reported in 
Table 3. Nearly half of the respondents did not report any reason for not joining a forestry 
group. A few stated that no community forestry organization existed in the area, or that they 
had no interest, were too time constrained, were not aware of the existence of forestry-
related associations in their respective communities, mismanagement of the association, no 
recruitment done and no seminars conducted.  
 
Table 3. Reasons for non-membership to any community forestry group 
 
Reason  Frequency 

(n=74) 
Relative 

frequency (%) 
Do not have any reason 36 48.7 
No existing community forestry organization in the area; 
not aware of the existence of the association 

21 28.4 

Not interested; prefer not to join any association, lack of 
time; prefer to make own decisions 

13 17.6 

No recruitment done, no seminars conducted about trees   3   4.1 
Mismanagement of association   1   1.3 
Total 74 100 
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Labour Engaged in Farming 
 
The majority of respondents (54.7%) mentioned that their labour force usually includes hired 
labourers. About 41.0% used only family labour and 4.3% reported using shared labour 
(Table 4). On average one household was able to hire five labourers to work on their land. 
 
Table 4. Types of labour engaged in farming 
 
Type of labour Frequency Relative frequency (%) 
Hired labour 64 54.7 
Family laboura 48 41.0 
Shared laboura   5   4.3 
Total 117 100.0 

a Family labour is a type of labour wherein in family members shared any farm related work. 
b Shared labour is a practice where farm owners were helped by other farmers in exchange for  

helping his neighbours with any farm related work. 
    
Types of Farm Activities Undertaken by the Respondents  
 
Out of 335 total responses from 81 respondents for types of work undertaken by the farm 
workers, some mentioned that the following were common activities undertaken during their 
tree farming: site preparation (8.4%) planting and hole digging (34.3%), brushing after 
planting (10.4%), ring weeding (8.1%) and maintaining trees (10.1%). Less often mentioned 
were fertilizer application, collecting seeds, hauling of seedlings, replanting, potting, and 
farm visitation by the farmer. The activities on the farm for which labour was commonly hired 
included site preparation, brushing and hole digging; this group of activities required help 
from hired labourers to get the work done fast enough. 
 
INDICATORS OF WELL-BEING 
 
Housing Construction Materials 
 
About 64.2% of the total sample reported that their houses were constructed mostly of wood, 
concrete and galvanized iron (GI) sheets, or categorized the construction as being of mixed 
housing materials. About 27.2% claimed that their houses were concrete while the 
remainder (8.6%) had used light construction materials (nipa, timber and bamboo). 
 
Equipment Items and Other Inputs Used on the Farm 
 
The most common items of equipment used on farms are listed in Table 5. About 92.6% of 
the respondents claimed that they utilized electricity on their farms, and 17.7% reported 
using chemical fertilizers, while only one reported using herbicides. Some had their own 
means of transportation, including motorcycles, cars and jeepneys. A few mentioned that 
they owned water pumps for house and farm use, hand tractors, threshers as post-harvest 
equipment, and carabao. Some (6.7%) used other farm inputs, such as artesian wells, spring 
water, welding machines and pumpboats. 
 
 
 
 
 
 
 
 

 94



Improving Financial Returns to Smallholder Tree Farmers in the Philippines  

Table 5. Distribution of responses for farm equipment and inputs on the farm (n=81) 
  
Type of farm input Frequency  Relative frequency (%) 
Electricity 75 92.6 
Use of chemical fertilizer 51 62.9 
Motorcycle 39 13.5 
Car or jeepney 28 48.2 
Use of herbicide 26 32.1 
Water pump for the house 24 29.6 
Carabao 14 17.3 
Hand tractor 13 16.1 
Thresher 10 12.3 
Pump for irrigation   3   3.7 
Other inputs (e.g. artesian well, 
pumpboat, spring water and welding 
machine) 

  5   6.2 

Total 288 334.5 

 
Access to Credit  
 
Almost half of the 81 respondents mentioned that a bank was their main credit agency 
(Table 6), followed by family, friends and relatives (37.0%). Others used cooperatives 
(32.1%) and lending institutions (19.8%), while a few did not use any credit (12.3%). During 
the last five years most of the respondents had not borrowed any money from a bank or 
other lending institution (60.5%).  
 
Table 6. Access to credit institution 
 
Crediting agency Frequency Relative frequency (%) 
Bank 39 32.2 
Family, friends and relatives 30 24.8 
Cooperative 26 21.5 
Lending institution 16 13.2 
None 10 8.3 
Total 121 100.0 

 
For an overall assessment of respondent’s economic status, more than half of the 
respondents claimed that they were neither poor nor well off (55.6) and only 2.4% declared 
that they belonged to a very poor family (Figure 1). 
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Figure 1. Economic status of the respondents (n=81) 
 
SMALLHOLDER PERCEPTIONS ABOUT TREE REGISTRATION AND REASONS 
FOR REGISTERING PLANTED TREES  
 
Out of 81 total respondents, 37 (45.7%) declared that the trees they had planted were 
registered with the Department of Environment and Natural Resources (DENR). 
Respondents were asked how they came to know about tree registration. As indicated in 
Table 7, most respondents (62.2%) who had registered their trees claimed that information 
from DENR regarding tree registration provided them with enough knowledge about 
registering trees. Some respondents had learnt about registering trees from their friends who 
had knowledge about tree registration (29.7%), while 8.1% stated they had learnt about the 
registration requirements through listening to the radio, or information given by local 
government units or tree buyers. Just over half of those who had registered their trees 
claimed they had done so on their own initiative without assistance from anyone else. A few 
had been assisted by DENR personnel, barangay officials or friends. 
 
Table 7. Source of information about tree registration 
 
Source Frequency Relative frequency (%) 
Department of Environment 
and Natural Resources 

23 62.2 

Friends 11 29.7 
Radio, LGU and lumber 
buyers 

  3   8.1 

Total 37 100.0 
 
Table 8 summarizes the reasons why they had decided to register their trees. Those who did 
register their trees, mentioned as important reasons, the ease in harvesting and selling 
timber trees (43.2%), and legality and security or to avoid penalties or imprisonment 
(27.3%). Some mentioned that they had registered their trees because it is a DENR policy, 
encouragement from friends, or concerns that their land would be placed under the Agrarian 
Reform Program. 
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Table 8. Reasons for registering trees planted 
 
Reason for registering trees Frequency 

(n=37) 
Relative 

frequency (%) 
Ease in harvesting and selling timber trees 19 51.4 
Legality and to avoid penalties or imprisonment 11 29.7 
DENR policy   5 13.5 
Othera   2   5.4 
Total 37 100.0 

a. ‘Other’ includes encouragement from friends, and concerns that their land will be placed under the 
Agrarian Reform Program 
 

Out of 37 respondents who had registered their planted trees, only a few (8.1%) had 
registered their trees at planting, and 45.9% had registered when trees were aged 6 to 10 
years. Only one of these respondents mentioned the fees incurred in tree registration, 
including a fee for a photograph taken of the tree plantation (the amount was not specified). 
 
Attitudes towards Tree Registration  
 
About 72.7% of the 37 respondents who registered their trees claimed they had not 
experienced any problems in registering their trees. In fact, some of them felt happy after 
registering their trees.  
 
About 56.8% of the respondents who had registered their trees declared they did not have 
any plans to register any additional trees, presumably because they did not have any further 
trees to register. Only 32.4% said they planned to register their additional trees, while others 
did not answer this question. 
 
Respondents who said their trees had not been registered with the DENR were asked why 
they were unable to register trees. Nearly 60% did not provide an answer to this question 
(Table 9), while 18.2% stated that they were not aware of tree registration. Some claimed 
they did not have any information about the requirements for registering trees. Others 
speculated that the DENR personnel would ask for some amount other than the required 
fees for tree registration to facilitate the processing. 
 
Respondents who had not registered their trees with the DENR were also asked if they had 
ever attempted to register their trees. Out of 44 respondents who had not registered their 
planted trees, 40.9% said that they had attempted to register but had failed to do so. 
Reasons for failure included: Community Environment and Natural Resources Office 
(CENRO) is very far from their place of residence, and they take their time in processing the 
required documents; no financial capability; and it seems laborious to register the planted 
trees with the DENR. 
 
Table 9. Reasons for not being able to register trees (n=44) 
 
Reason  Frequency  

(n=44) 
Relative 

frequency (%) 
Do not know about tree registration   8 18.2 
Aware of TR but not familiar with the process   4   9.1 
Aware of TR but financially not capable   3   6.8 
Aware of TR but do not have any intention to register   3   6.8 
No answer 26 59.1 
Total 44 100.0 
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ATTITUDES TO FORESTRY AND AGROFORESTRY  
 
Relationship between Smallholder’s Tree Planting Intentions and Some Socio-
economic Variables  
 
An understanding of the tree planting intentions among smallholders is useful for evaluating 
the likelihood of the success of any government efforts geared towards sustainable forest 
resource development and management. The survey revealed that about 50.6% of the 
respondents still have available land that could be used to grow trees. Just over half (55.6%) 
said they intended to plant more timber trees. This variable was tested for its relationship to 
some socio-economic factors using the chi-square test of independence. Smallholder’s tree 
planting intentions and the relationship with some socio-economic characteristics of the 
household are summarized in Table 10. 
 
Table 10. Cross-tabulation of household socio-economic variables with intentions to plant 
trees in the future (n=81)  
 

Intention to plant 
trees  

Variable                                      χ2 value          P value            Category  

Yes No 
Yes 37 22 If still have land available for 

planting trees  
18.455 0.000 

No   2 20 
Yes 10 16 If attended training related to tree 

farming 
 1.439 0.230 

No 29 26 
Yes   4   3 If member of community forestry 

group 
 0.248 0.618 

No 35 39 
Yes 38 33 Have access to any credit            6.650 0.010 
No   1   9 
Very poor    1 
Poor   7   5 
Neither poor nor 
well-off 

21 25 

Household classification in terms 
of economic statusa 

 2.022 0.568 

Moderately well-off 12 10 
aThe χ2 test of independence has 3 degrees of freedom.  
    For other variables, the χ2 test of independence has one degree of freedom. 
 
Those farmers who still had available land were more likely to plant more trees than those 
households who did not. Furthermore, more smallholders who had access to any credit 
institution intended to plant more trees in number in the future than those who did not have 
credit access. Other variables – including membership to any community forestry groups, 
attendance of forestry-related training activities, economic status of the households and 
having received credit from the bank for the last five years – were found to have no statistical 
relationship with the intention to plant trees in the near future. 
 
Tree Species Intended for Planting, Purpose of Planting and Planned Planting System 
 
Out of 62 total responses for the most preferred tree species to grow, large leaf mahogany 
(Swietenia macrophylla) was reported most frequently (40.3%), followed by gmelina 
(Gmelina arborea, 19.4%) and mangium (Acacia mangium, 12.9%). A few respondents 
mentioned species belonging to the families myrtaceae (Eucalyptus deglupta), verbenaceae 
(Vitex parviflora and Tectona grandis), dipterocarpaceae (Shorea sp.) and meliaceae (Toona 
ciliata and Leucaena pulverulenta). The main purposes of the intended plantings were 
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commercial use, personal use (e.g. materials for house repair, legacy for children and 
grandchildren and also farm implements) and for environmental protection. 
 
The planting system that most of the tree growers intended to adopt is block planting (27 
respondents, 33.3%), followed by intercropping (21, 25.9%). Some favoured boundary 
planting (4, 4.9%) while a few planned scattered plantings with no specific pattern and strip 
planting systems. Twenty six (32.1%) of the sample did not answer this question. 
Furthermore, if intercropping were adopted in association with trees planted, 6 (23.7%) 
stated that they would opt to mix trees with coconut and 6 (23.7%) would also plant fruit 
trees (including bananas, citrus, star apple and cacao). One preferred a mixture of trees and 
abaca, and one preferred a mixture of small crops including pineapples and vegetables. 
Twenty four (29.6%) preferred to mix trees with other crops (including peanuts, corn, rattan 
and sweet potatoes) while over half (43, 53.1%) did not state the mixture of crops to be 
grown. 
 
Reasons for Lack of Interest in Planting more Timber Trees  
 
Despite the positive attitude towards growing trees, there remains considerable scepticism 
regarding the financial viability of growing trees on Leyte Island. Thirty six respondents 
(44.4%) claimed that due to the unavailability of vacant areas or land for tree planting, they 
prefered not to plant any more timber trees in the near future. Some claimed that growing 
timber trees could only reduce their income because of the long wait to gain any benefit. 
Others stated that they were already old and physically unable to be involved in tree 
growing, and were not able to manage their farm any longer. A few declared that they saw 
no purpose in planting trees because (a) there were no clear harvesting policies for planted 
trees, (b) they were discouraged due to lack of technical advice, (c) there was land tenurial 
conflict, (d) they planned to establish a coconut plantation, or (e) they planned to sell a 
parcel of their land. 
 
Support Measures and Conditions to Promote Tree Growing  
 
Table 11 summarizes the conditions and support measures for tree growers that would 
induce them to plant trees in the future. Financial assistance was the most frequently 
mentioned (20.6%), followed by technical advice from extension workers (16.7%) and 
availability of free seedlings (15.9%).  
 
Table 11. Support measures suggested by the tree farmers to encourage tree planting  
 
Support measures and conditions Frequencya Relative frequency 

(%) 
Financial assistance 26 20.63 
Technical advice (extension) 21 16.67 
Availability of free seedlings 20 15.87 
Availability of free seedlings of preferred species 12 9.52 
Higher timber prices 12 9.52 
Assistance with registering trees 10 7.94 
Free tree registration 8 6.35 
Exemption from taxes and forest charges on harvested 
timber 

8 6.35 

Timber marketing assistance 5 3.97 
Free fertilizer 2 1.59 
Available land 2 1.59 

a Individuals provided multiple responses to this question. 

 99



Attitudes towards Tree Farming among Smallholders on Leyte Island 

Reasons for Planting and Managing Trees 
 
Table 12 summarizes the results of smallholder tree farmers’ rating of their reasons for 
planting and managing trees and the corresponding weighted mean scores. The most 
important reasons for planting and managing trees were identified as (a) to protect the soil 
and prevent landslides (4.53%), (b) to provide construction materials, and (c) to provide a 
legacy for children and grandchildren (4.42%).   
 
Table 12. Respondents’ rating of reasons for planting and managing trees (n=81) 
 

Not important           Highly important Reason 
 1 2 3 4 5 

Weighted 
mean 
score 

To serve as nurse trees for crops 29 14 15 15 8 2.49 
To provide a legacy for children and 
grandchildren 

1 3 7 20 50 4.42 

To improve soil fertility 3 6 8 26 38 4.11 
To provide construction materials 1 1 4 25 50 4.51 
To protect the soil and prevent landslides 1 1 6 19 54 4.53 
To improve the water supply volume 8 1 6 19 47 4.18 
To provide a means of funding major 
expenditures 

6 5 9 30 31 3.93 

To increase farm income 3 8 12 30 28 3.89 
Because of a personal interest in trees 11 5 23 30 12 3.33 
To provide material for charcoal making 43 18 13 6 1 1.81 
To keep squatters off their land 37 17 11 11 5 2.14 
Restore natural vegetation on the farm 1 4 11 23 42 4.25 
To provide firewood 30 23 15 8 5 2.19 
To improve water quality 6 5 7 24 39 4.05 
To produce lumber for sale 4 2 10 23 41 4.14 

 
Problems Encountered in Growing Trees 
 
Various constraints encountered by smallholders as obstacles to tree growing and their 
ranking from unimportant (1) through to highly important (5) are summarized in Table 13. 
Most of the respondents rated the suggested items as not being strong constraints. The 
most important constraints were identified as (a) shortage of land for growing trees (2.67%), 
(b) risk of damage to trees by grazing animals (2.57%), (c) lack of finance to pay for tree 
growing needs (2.57%), (d) potential damage to trees from typhoons (2.16%), and ( e) risk of 
fire damage to trees (2.07%). 
 
 
 
 
 
 
 
 
 
 
 
 
 

 100



Improving Financial Returns to Smallholder Tree Farmers in the Philippines  

Table 13. Respondents’ rating of problems encountered in growing trees (n=81) 
 

Not important            Highly important Reason 
1 2 3 4 5 

Weighted 
mean 
score 

Have enough trees already 59 10 10   0   2 1.47 
The timber price is too low 46 12   8  5 10 2.02 
It is difficult to transport trees from land 49   9 14   5   4 1.84 
Risk of damage to trees by grazing 
animals 

26 15 21   6 13 2.57 

Seedlings of preferred species are not 
available 

51 10 11  5   4 1.78 

Lack of knowledge about tree planting and 
management 

46 15 14   5   1 1.76 

Lack of finance to pay for tree growing 
needs 

27 12 21 11 10 2.57 

Policies relating to tree registration and 
harvesting 

46 12 13 7 3 1.88 

Shortage of land for growing trees 32 5 18 10 16 2.67 
Lack of labour to tend trees 45 17 14 3 2 1.76 
Potential damage to trees from typhoons 34 17 20 3 7 2.16 
Trees take too long to grow 47 17 9 5 3 1.76 
Risk of fire damage to trees 41 14 12 7 7 2.07 
Risk of officials charging fees for harvest 58 9 8 1 5 1.59 
Lack of access to community 
organizations 

48 16 8 7 2 1.75 

Concern about security of tenure 58 8 7 5 3 1.60 
Competition between trees and crops 38 18 14 4 7 2.06 
Code: 1–not constrained; 2–slightly constrained; 3–moderately constrained; 4–constrained; 5–highly 
constrained 

 
SUMMARY 
 
More than half of the survey respondents held positive opinions about the value of planting 
trees for both environmental and personal objectives. Respondents were more inclined to 
engage in tree farming if they had access to some form of credit to finance plantation 
establishment. This suggests that tree growing among smallholders would be enhanced if 
financial assistance from private or government institutions were available, as well as other 
forms of support required including technical advice and free seedlings. 
 
The major problems for growing timber trees identified by respondents were unavailability of 
land for planting, damage to trees by grazing animals, risk of typhoon damage and 
budgetary constraints. Most of them expressed an interest in growing trees in the near future 
to provide a legacy for their children and grandchildren, and for economic and environmental 
reasons. Almost half had registered their trees, and those who had done so generally had 
not experienced major difficulties in the process. 
  
It would be difficult to draw inferences for other farming households from this study. The 
sample tree farmers must be judged better off than most rural households in Leyte or 
elsewhere in the Philippines, in terms of land resources, hiring of labour, standard of 
housing, education, access to credit, and attitudes to tree growing (including attitudes to tree 
registration). 
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13. SMALLHOLDER TREE GROWING  
AND TIMBER MARKETING PRACTICES 
ON LEYTE ISLAND  

  
Mayet Avela, Steve Harrison, Eduardo Mangaoang and  
Edwin Cedamon  
 
 
This paper reports the results of an analysis of part of the data from a socio-economic 
survey conducted in seven randomly selected municipalities in Leyte and Southern Leyte 
Province in the Philippines. It focuses on the management of smallholder tree farmers as 
well as their experiences in timber selling, and their technical knowledge. The survey 
examined the intentions and aspirations of smallholders with regard to adopting tree farming 
on Leyte Island. It was found that most of the respondents relied on their own knowledge 
and experience in nursery and plantation establishment and maintenance. More than half 
the respondents had harvested timber in the last three years. Gmelina and mahogany were 
the species most often harvested. 
 
 
INTRODUCTION  
 
From the 1960s until 1990s, the Philippine Government has undergone a number of 
changes in its forest management system (Pulhin 1997). Large-scale timber-oriented 
industrial forestry was popular in the 1960s to 1980s but from the 1990s the government has 
been promotingd people-oriented smallholder forestry (Mangaoang 1998). Decentralized 
forest management has given rise to the sporadic establishment of tree plantations or ‘tree 
farms’. While there is a strong move towards decentralized forest management in the 
Philippines, the promotion of smallholder forestry is hampered by the limited availability of 
planting stock and low quality planting materials (Gregorio 2006). 
 
Tree farming in the Philippines has been viewed not only as a conservation activity but also 
as a business venture. As in any other business venture the ultimate goal in tree farming is 
sustained economic and social benefits. In the past, most tree farming activities took place 
without due consideration of their sustainability. Species planted were often not compatible 
with the site, and there has been little regard for soil fertility. The choice of species was not 
related to the intended goal of harvesting high quality timber for specific end-uses, and 
management was poor, with limited investment in woodlot maintenance, protection and 
silviculture (Aggangan 2003). 
 
While the problems with smallholder forestry are understood in general terms, there has 
been a lack of information about specific forestry practices, attitudes and skills of 
smallholders. To improve the information base on smallholder forestry on Leyte Island, a 
socio-economic survey was carried out in 2006–07 on a random sample of smallholders, 
using the same sampling frame as a tree inventory study1. This paper presents the survey 
findings on the topics of tree farming and timber marketing. 
 
 

                                                 
1 Both studies have been undertaken as part of ACIAR Project ASEM/2003/052 – Improving Financial 

Returns to Smallholder Tree Farmers in the Philippines. 
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RESEARCH METHOD  
 
The sample of respondents was drawn from a two-stage probability proportional to size 
(PPS) sample used in the tree measurement study which covered seven municipalities in 
Leyte and Southern Leyte Provinces. The survey investigated the tree farmers’ (a) 
household demographics, (b) indicators of well-being, (c) farm and farming enterprises, (d) 
production and sales, (e) income sources, (f) forestry system and management, (g) tree 
registration issues, (h) timber selling experiences, and (i) views, know-how and attitudes 
related to forestry and agroforestry. Some preliminary findings from the survey and further 
details of the survey method are reported by Sevare et al. (2007). This paper concentrates 
on sections (f) and (i) of the survey. 
 
RESULTS OF THE STUDY 
 
Tree Farm Management  
 
The smallholders’ management of tree farms depends on their knowledge gained through 
attending training courses and seminars and exposure to related projects, and from co-
farmers in terms of their various care and maintenance activities, silvicultural practices, 
forest protection schemes and other activities required to achieve successful tree farming. 
 
Survey responses concerning planting and managing trees are summarized in Table 1. 
Thirty seven respondents (45.7%) preferred to collect and germinate the seed themselves, 
while 30 (37%) preferred to purchase seed. There were 14 respondents (17.3%) who 
preferred to collect and propagate wildlings. Some respondents (12.3%) collected wildlings 
on the ground floor and planted them directly in the field. During planting, most of the 
respondents (52, 64.2%) hired labour to plant the trees on their farms. Nearly half (39) hired 
labour for maintenance. Thirty-one respondents (31%) declared they did their own planting, 
and 36 (44.4%) carried out their own maintenance.  
 
Table 1. Tree growing and management activities of smallholder tree farmers 
 
Activity  Frequency Relative frequency 

(%) 
Purchase seeds and germinate 30 37.0 
Collect seeds and germinate 37 45.7 
Collect wildlings and pot 14 17.3 
Collect wildlings and plant directly  10 12.3 
Produce seedlings using own labour  23 28.4 
Purchase seedlings  28 34.6 
Plant using own labour  31 38.3 
Plant and maintain using own labour  36 44.4 
Hire labour for planting  52 64.2 
Hire labour for maintenance  39 48.1 
Alayon (i.e. shared labour)  4 4.9 

 
Table 2 summarizes the sources of information on nursery, plantation establishment and 
maintenance techniques that had been adopted by the respondents. The most widely 
reported source of information (over 25% of respondents) was their own knowledge and 
experience, followed by that of friends and relatives. Relatively few reported attending 
training courses or accessing government extension services or materials. 
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Table 2. Sources of information for smallholders on nursery, plantation establishment and 
maintenance techniques 
 

Nursery techniques  Plantation establishment and 
maintenance techniques 

Sources of Information 

Frequency Relative frequency
(%) 

Frequency Relative frequency
(%) 

Friends and relatives  20 22.5 17 19.8 
Extension materials  5 5.6 4 4.7 
Own experience and 
knowledge  23 25.8 26 30.2 
Learned at school 5 5.6 5 5.8 
Seminars or training courses 8 9 7 8.1 
Department of Agriculture-
extension work  4 4.5 3 3.5 
DENR-extension service  6 6.7 8 9.3 
Co-farmers  3 3.4 6 7.0 
Barangay officials  1 1.1 1 1.2 
Bureau of Plant Industry  1 1.1 1 1.2 
Fisheries personnel  1 1.1 1 1.2 
No experience  1 1.1 0 0 
Research  1 1.1 0 0 
Visayas State Universitya 1 1.1 0 0 
Hired extension officers  1 1.1 1 1.2 
TV 1 1.1 2 4.7 
Radio  0 0 1 1.2 
a VSU was formerly known as Visayas State College of Agriculture (ViSCA). 
 
Table 3 summarizes the problems encountered by smallholders during planting stock 
propagation, and plantation establishment and maintenance. Six respondents (7.3%) 
reported problems with a poor germination rate and five (6.1%) encountered poor growth of 
seedlings. This may have been the case where the farmers relied solely on their own 
knowledge and experience in nursery seedling propagation. In the area of plantation 
establishment and maintenance, nine respondents (10.7%) encountered problems such as 
damage caused by animals, pests and diseases. 
 
As indicated in the list of trees commonly pruned and thinned by the smallholders (Table 4), 
gmelina (Gmelina arborea) plantations have been observed to be widely thinned and pruned 
on farms on Leyte Island (58.9% of responses), followed by large leaf mahogany (Swietenia 
macrophylla) (34.3%), and mangium (Acacia mangium) (6.9%). This table also provides 
basic information as to whether the farmer respondents were able to apply silvicultural 
treatments such as thinning and pruning on their farms. Fifty-six (69.1%) of respondents 
pruned their trees and 27 (33.3%) reported that they had thinned their trees. 
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Table 3. Problems with planting stock propagation, and plantation establishment and 
maintenance as identified by smallholders 
 

Planting stock propagation Plantation establishment and 
maintenance 

Problems or constraints 

Frequency Relative 
frequency 

(%) 

Frequency Relative 
frequency 

(%) 
Pests and diseases  4 4.9 4 4.8 
Damage by animals  2 2.4 9 10.7 
Weeds competition  1 1.2 1 1.2 
Seedling mortality  2 2.4 1 1.2 
Financial assistance  2 2.4 2 2.4 
Poor growth  5 6.1 3 3.6 
No problem  2 2.4 2 2.4 
Water supply  2 2.4 2 2.4 
Damaged by typhoon  1 1.2 1 1.2 
Lack of technical skills 3 3.7 0 0 
Poor germination rate  6 7.3 0 0 
Fire  1 1.2 0 0 
No uniform size of seedlings  1 1.2 0 0 
Hauling problems  1 1.2 0 0 
Seed availability  1 1.2 0 0 
Seed sources 1 1.2 0 0 
Lack of time  0 0 1 1.2 
Landholding-related 
problems  0 0 1 1.2 
Difficulties in establishment 0 0 1 1.2 
Theft of planted seedlings  0 0 2 2.4 
Work not done properly by 
some labourers  0 0 1 1.2 
Site preparation problems 0 0 1 1.2 

 
Table 4. List of tree species commonly pruned and thinned by smallholders 
 
Species  name  Frequency Relative frequency (%) 
Gmelina (Gmelina arborea) 43  58.9 
Large leaf mahogany 
(Swietenia macrophylla) 25 34.3 
Mangium (Acacia mangium)    5   6.9 

 
Table 5 reports the reasons given by respondents as to why they applied silvicultural 
treatments, particularly thinning and pruning of their planted trees. The majority stated that 
their reasons for pruning trees were to obtain an improved tree form and growth increment, 
and to produce straight bole timber. The reasons for thinning were to provide growing space 
to good-form trees and to achieve high quality timber. About 40% respondents applied 
fertilizer on their trees during planting, including over 30% who used inorganic fertilizer. 
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Table 5. Reasons for applying silvicultural treatments 
 
Silvicultural treatment  Reasons 
Pruning  To improve tree form  

To increase the growth rate  
Remove liabilities in the plant  
To make the tree straight  
To prevent falling and wind throw  
Not to destroy other trees and plants  
Increase stem, not to overtop the coconut  
Cut branches are utilized as firewood  

Thinning  To provide space to some good trees  
Cut the trees that are not growing well  
To achieve good form and quality of trees  
Lessen the competition  
Fence posts  
Done mainly for harvest  
To decrease density  
Increase the volume of the other trees  
Free from competition  
Eliminate the suppressed trees  
To eliminate badly formed trees  
Enhance the growth of the desirable trees  
For light construction materials  
‘I was told by the DENR personnel’ 
To make the stem of the trees straight  

 
SMALLHOLDERS’ TIMBER SELLING EXPERIENCES, VIEWS AND TECHNICAL 
KNOWLEDGE 
 
As indicated in Table 6, almost half of the respondents (42%) claimed that they had 
harvested timber during the last three years, with gmelina the species most often harvested 
(47.8% of responses), and followed by mahogany (9.8%).  
 
Table 6. Tree species harvested by the respondentsa  
 
Species  Frequency  Relative frequency (%)  
Gmelina 44 47.8 
Mahogany   9   9.8 
Antipolo  1   1.1 
Ipil-Ipipl   2   2.2 
Binunga   1   1.1 
Mangium  1   1.1 
None 34 36.9 

a Some respondents harvested more than one species. 
 
The most frequent harvest age reported for both gmelina and mahogany was 10 to 15 years, 
although 17 respondents harvested at age 4 to 9 years (Table 7). Few harvested at ages 
beyond 15 years, although apart from perhaps gmelina, there is insufficient data to draw 
conclusions about rotations longer than 15 years. 
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Table 7. Age of trees harvested by smallholders (per species) 
 

Tree age (yrs) Gmelinaa Mahogany Antipolo Ipil-Ipil Binunga Mangium 
4–9 17 2    1 
10–15 20 5     
16–21   2 1  1 1  
22–27   2  1 1   
28–33  1     

a The number of responses differs in Table 7 because there were some respondents who couldn’t 
recall the harvest age of their trees. 

 
Only a small number of respondents provided estimates of the number of trees harvested 
(Table 8). Only six reported having harvested more than 50 trees in the last three years. 
 
Table 8. Number of trees harvested as declared by the respondents 
 
Number of trees  Frequency Relative frequency (%) 
1–10 22 46.8% 
11–20 14 29.7% 
21–50   4  8.5% 
51–100   2  4.2% 
101–300   1  2.1% 
301–1000   1  2.1% 
1001–6500   1  2.1% 
6501–13,900   1  2.1% 

 
Table 9 presents the estimated volume of trees harvested by the respondents, measured in 
board feet (bft). Twelve respondents (14.7%) declared that they had harvested estimated 
total volume ranges of from 1001 to 10,000 bft from their tree farms. 
 
Table 9. Volume of trees harvested a 

 
Volume(bft) Frequency Relative frequency (%) 
0–250 10 12.2 
251–1000   7   8.5 
1001–10,000 12 14.7 
Over 10,000   3   3.6 

a Some respondents harvested more than one species.  
 
Respondents who had harvested timber sold their products to household buyers (11 
respondents), lumber dealers (4), construction buyers (1) and two private companies, 
PASAR and Philphos (2). 
 
Respondents were also asked whether they had experience of selling their planted trees and 
in what form that they sold their tree products. Table 10 shows that the smallholders’ timber 
had been sold on stump, and as roundlog, pole, flitch, sawn timber and firewood. Half of 
those who sold timber had sold it in sawn form, about 18% selling on the stump and 18% as 
flitches. Thus, during the selling of their timber most of the respondents received a low price 
because the buyers would shoulder all the expenses in registering their trees, tree felling 
and hauling their timber and there were no other buyers in the area. Some respondents 
obtained a higher price by selling sawn timber. The respondents preferred that their timber 
products be collected by the buyers in order to avoid hassles during the transport of the 
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wood products to the buyers’ place. In fact, this has also been the practice of almost all 
timber buyers on Leyte Island.  
 
Table 10. Forms of timber product sold by smallholders  
 
Forms of timber product Frequency Relative frequency (%) 
Sawn 11      50 
Stump    4 18.18 
Flitch    4 18.18 
Firewood    1   4.54 
Roundlog   2   9.10 

  
Five types of timber buyers were identified by the respondents, as listed in Table 11. These 
include household buyers, lumber dealers, construction firms, bakers’ establishments, and 
private companies (e.g. Philippine Associated Smelting and Refining Corporation (PASAR) 
and Philippine Phosphate Fertilizer Corporation (Philphos). To source timber, most of the 
buyers approach tree farm owners known in a given locality, or seek information through 
friends. More than half of the respondents did not indicate the specific buyers of their timber 
products.   
 
Table 11. Types of timber buyer as identified by smallholders 
 
Buyer  Frequency Relative frequency (%) 
Household buyers 11 13.5 
Lumber dealers   4   4.9 
Construction buyers   1   1.2 
Bakers’ establishments   1   1.2 
Private companies (PASAR 
and Philphos)    2   2.4 

 
Table 12 shows the income earned by the respondents through timber selling. Among all the 
respondents who declared their income, more than half (52.9%) had a total sales value of 
not more than PhP50,000. 
 
Table 12. Smallholders’ timber sales  
 
Timber sales (Peso)  Frequency Relative frequency (%) 
0–50,000 9 52.94 
50,001–100,000 3 17.65 
100,001–500,000 3 17.65 
Over 500,000 2 11.76 

 
SUMMARY 

 
In seedling production, most smallholder tree farmers in Leyte are collecting their own 
planting materials rather than purchasing seedlings. The techniques used in nursery and 
plantation establishments and maintenance are largely based on their own experiences and 
those gained from others (i.e. relatives, friends and seminars or trainings).  
 
The most common species harvested by smallholder tree farmers are gmelina (Gmelina 
arborea), mahogany (Swietenia mahogani), ipil-ipil (Leucaena leucocephala), and mangium 
(Acacia mangium).  
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It was noted that there are particular conditions required to support timber selling, such as a 
high market demand with reasonable price, easy access to buyers, and availability of buyers 
who buy bulk volumes of timber. In this regard, a special effort is needed to support 
smallholder tree farmers and to encourage them to plant more timber trees. Local 
government units and even private institutions could collaborate to formulate activities that 
would assist tree farmers. An information campaign aimed at tree farmers could be held by 
ACIAR Project Staff, for instance, in order to market the timber with the help of the ACIAR 
Smallholder Forestry Project as part of their extension campaign program. A comprehensive 
training in the technical aspects of growing quality trees for timber, lack of thinning, low 
harvest ages, small volume harvested, and prevalence of sawn timber could be provided.  
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14. AGROFORESTRY FARMING PRACTICES 
OF SMALLHOLDERS IN LEYTE AND 
IMPLICATIONS FOR AGROFORESTRY 
SYSTEMS DESIGN 
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Eduardo Mangaoang 
 
 
This paper examines evidence from the Leyte Island smallholder socio-economic survey, on 
the agroforestry systems adopted by smallholders in terms of timber trees and other crops. A 
number of broad categories of agroforestry systems may be identified, in terms of 
smallholders growing various tree and crop species and raising livestock on the same land 
parcels. However, there do not appear to be any favoured and widely adopted species 
mixtures with particularly high performance that could be rolled-out more widely. Also, at a 
land-use block level, survey data provides little evidence of widely-adopted specific 
agroforestry systems. 
 
 
INTRODUCTION 
 
Agroforestry often allows landholders to utilize their land resources efficiently to gain 
maximum output and achieve an acceptable time flow of cash and products for on-farm use. 
A huge body of literature exists on agroforestry systems, for example papers in the journal of 
this name. Various definitions exist as to what constitutes an agroforestry system. As 
generally understood, agroforestry involves a mixture of trees and crops or livestock. For 
example, Helms (1998, p. 4) in The Dictionary of Forestry defines agroforestry as ‘a land-use 
system that involves deliberate retention, introduction, or mixture of trees or other woody 
perennials in crop and animal production systems to take advantage of economic or 
ecological interactions among the components’. Agroforestry systems as defined by Helms 
are most widely practiced in developing countries. 
 
Another form of agroforestry is taungya, in which timber trees and agricultural or horticultural 
crops are grown together. Helms (1998) defined taungya as simply the local name for 
shifting cultivation in Myanmar. However, taungya is sometimes used by governments as a 
mean of securing labour for plantation establishment at reduced cost and with increased 
efficiency, by engaging the local community in the early stage of plantation development 
(e.g. Jordon et al. 1992; Maung and Yamamoto 2007). According to Adekunle and Bakare 
(2004, p. 134), ‘Agroforestry practice has become a way of livelihood to farmers in Nigeria. 
Taungya is an agroforestry practice whereby forest trees and agricultural crops are raised 
simultaneously on the same piece of land. It is primarily aimed at plantation establishment. 
… It was introduced in Nigeria in 1927 [for] regeneration of tropical rainforests …’. 
 
Another use of the term agroforestry, adopted by the Rural Industries Research and 
Development Corporation (RIRDC) in Australia, is where timber trees and some other crop 
or livestock production are conducted on the same farm, but not mixed together in the same 
area on the farm. 
 
Kenneth et al. (1990) have listed more than a dozen benefits of agroforestry, where trees 
and other plants or animals are managed on the same block of land. These benefits include 
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crop protection from sun and wind, organic matter addition, nutrient recycling, exploiting 
greater soil volume, providing a disease and pest barrier and erosion control. 
 
As noted by Harrison and Harrison (2000), many examples of crop yield increase have been 
reported in the literature, but the species adopted ‘have limitations such as restricted 
environments where they grow well and limited uses of their products. Hence there is merit 
in extending the choice available to growers in part to cater for the diverse biophysical and 
socio-economic environments of the Philippines’ (p. 134). They further noted the potential 
concern with some Australian tree species being introduced to the Philippines with regard to 
high soil water extraction, competition for nutrients and allelopathy.  
 
In the study reported here, the objective is to identify agroforestry systems in the sense of 
mixed plantings on the same parcel or block of land which are adopted, or have to potential 
for adoption, by Leyte smallholders. The mixture of trees with crops or livestock on the same 
parcel of land corresponds to the RIRDC definition, while mixtures on the same vegetation 
block follow the more traditional definition of Helms. 
 
In broad terms, a number of agroforestry systems adopted by Leyte smallholders may be 
identified, for example: coconuts and timber trees; coconuts and other products (e.g. fruit 
trees, livestock); timber trees and fruit trees; and coconuts or timber trees and rice. However, 
what would be more useful is to identify which species of timber trees and other agricultural 
activities (fruit trees, crops, and vegetables) can be grown as mixtures within the same 
vegetation block, to gain the economic and ecological interactions identified by Helms 
(1998). 
 
AGROFORESTRY SYSTEMS IN THE PHILIPPINES 
 
A substantial literature exists on agroforestry systems in the Philippines. Bertomeu and 
Roshetko (2007) conducted field trials on the pruning intensity of gmelina when alley 
cropped with maize, finding that increased pruning intensity increased grain yield but not 
enough to compensate for the cost of pruning and the reduced timber value. They 
recommended growing trees of less competitive species, or trees in farm niches away from 
crops. In contrast, Magcale-Macandog and Abucay (2007) simulated the growth 
performance of a eucalypt-maize agroforestry system in Clavaria, Mindanao, concluding that 
‘the eucalypt-maize hedgerow system provides substantial improvements to a range of 
biophysical and economic measures of productivity and sustainability’ (p. 229). 
 
Rañola et al. (2007) carried out a profitability analysis for 16 farming systems in Clavaria, 
Northern Mindanao, including four agroforestry systems: rubber plus mango block plantings 
and rice, corn and tomatoes; timber plus fruit trees multi-story and corn and tomatoes; fruit 
trees with hedgerows and corn; and mango block planting with rice and ampalaya. The 
timber trees included gmelina, bagras, mangium, mahogany and narra, while the fruit 
species included bananas, mangoes, rambutan, durian, lanzones, jackfruit, marang and 
coconuts. They concluded that ‘the most profitable systems are those where high-value fruit 
crops (bananas) and fruit trees (mango, lanzones, durian) are integrated at high densities in 
the farming system’ (p. 333). 
 
In a Leyte study, Gonzal (2007) examined the economic and ecological benefits of 
integrating abaca (Musa textilis) in established monoculture fruit trees and coconuts, and 
mixed forest culture including rainforestation farming. Fruit species suggested include 
durian, lanzones, citrus, rumbutan and mango. Gonzal noted that ‘utilising the open space 
between monoculture coconuts will minimise further forest encroachment and clearing of 
tropical forest for abaca plantation’ (p. 20). 
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In a current study, Mercardo and others are examining the benefits and establishment 
requirements of elite timber-latex clones of rubber (Hevea brasiliensis) along with other 
crops including maize, bananas and pineapples in Mindanao in the Philippines (Mercado, in 
process). 
 
RESEARCH METHOD 
 
A socio-economic survey covering a sample of 81 smallholders was conducted in seven 
randomly selected municipalities in Leyte and Southern Leyte Provinces. The use of focus 
groups, the questionnaire design and development and the survey procedure, have been 
discussed by Sevare et al. (2006). This paper concentrates on sections C, D and E of the 
survey, which relate to land-use systems. 
 
Land-use patterns were examined at the land parcel and land (or vegetation) block within 
parcel level, and then for land blocks carrying timber trees. 
 
PARCEL CHARACTERISTICS AND LANDUSE PATTERNS 
 
The 81 respondents reported a total of 252 land parcels, an average of 3.1 per respondent. 
Land tenure details were reported for 246 land parcels. Some characteristics of owners and 
land parcels are summarized in Table 1. About 60% of the parcels were owned under title, 
21% were owned tax declaration land, and only 6% were tenanted. The land was mostly 
acquired by inheritance or purchase. Most respondents classified their land as flat or 
moderately sloping. The average parcel size was 4.71 ha, but 82.5% of the parcels were 4 
ha or smaller, and 67.1% were 2 ha or smaller. Most were within 10 km of a town. Slightly 
more than 54% classified their road to the nearest town as concrete, though some reported 
poor road types. 
 
Table 1. Characteristics of owners and land parcels 
 
Characteristic of  
parcel 

Frequency distribution 

Tenure (n=249) Owner 150, tax declaration 52, tenant 15, administration 8, communal 
3, lease 2, titled tenant 1, other (mixed type, no answer) 18 

How land obtained 
(n=247) 

Inherited 105, purchased 94, only a tenant 15, CARP (land reform) 10, 
ancestral domain 5, other (mixed type, no answer) 18 

Land slope  
(n=246) 

Flat 93, gentle 10, moderate 118, steep 11, flat to gentle 2, flat to 
moderate 3, moderate to steep 2, other 7 

Parcel size in ha 
(n=240) 

0-5 ha 60, 0.51 to 1 ha 52, 1.01-2 ha 49, 2.01-4 ha 37, 4.01-6 ha 17, 
6.01-10 ha 11, 10.01-20 ha 8, 20.01-100 ha 5, over 100 ha 1, mean 
area 4.71 ha 

Distance to nearest 
town (n=238) 

0 to 2.5 km 45, 2.51 to 5 km 53, 5.01 to 7.5 km 42,7.51 to 10 km 46, 
10.01 to 15 km 43, 15.01 to 20 km 9 

Road type to nearest 
town (n=239) 

Concrete 130, mainly smooth unsealed 6, mainly rough unsealed  35, 
trail 10, concrete and trail 20, concrete and rough unsealed 34, smooth 
unsealed and concrete 1, rough and trail 3 

 
Table 2 reports land-use in terms of main crop, in order of perceived importance. For each of 
245 parcel land-use responses, coconuts were as grown on 108 (44.1%) of the parcels, 
gmelina on 67, and mahogany on 40. One or more timber species was reported as a crop 
grown on 101 (41.2%) of the parcels. Rice was reported as being grown on only 37 (15.1%) 
of the parcels; this number would have been limited by the area of land suitable for rice and 
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by water unavailability. Various fruit and vegetable species were grown, though none on 
more than 10% of parcels. Only one respondent considered abaca as a main crop. 
 
Table 2. Main crops and other crops reported by smallholders, by land parcel (n=245) 
 

Frequency as: 
Crop type First main crop Second main 

crop 
Other main 

crop 
Total 

Coconut 91 14 3 108 
Gmelina 59 7 1 67 
Mahogany 28 12 0 40 
Rice 32 4 1 37 
Mango 6 2 0 8 
Bananas 2 2 1 5 
Vegetables 2 0 1 3 
Sweet potato 1 1 0 2 
Fruit trees 0 1 1 2 
Bamboo 0 2 0 2 
Tacudo 1 0 0 1 
Abaca 1 0 0 1 
Total 218 45 8 271 

 
Respondents listed a number of ‘other crops’, as distinct from their main crops, the most 
commonly listed species being coconuts, followed by bananas (Table 3). Of the timber tree 
species, mahogany was most frequently mentioned, followed by gmelina. Bananas, 
mangoes and bamboo were relatively minor ‘main crops’ but significant ‘other crops’. Abaca 
again received few mentions. 
 
Table 3. Reported frequencies by parcel for ‘other crops’ grown by smallholders (n=245) 
 

Frequency as 
Crop type 
 

First other 
crop 

Second other 
crop 

Less important 
other crop 

Total 

Coconut 38 7 5 50 
Bananas 12 9 13 34 
Mahogany 13 4 2 19 
Mango 9 5 4 18 
Bamboo 3 9 3 15 
Gmelina 7 3 2 12 
Rice 2 2 0 4 
Abaca 3 1 0 4 
Fruit trees 3 1 0 4 
Sweet potato 1 1 0 2 
Vegetables 0 1 0 1 

 
Table 4 summarizes some combinations of what were reported as main crops and other 
crops on the land parcels. Timber and coconuts were the most common combination. 
Bananas were grown as another crop on the same land parcels as both timber and 
coconuts. In the few cases where bananas were the main crop the farmers appear to be 
specialist banana producers. Rice was rarely reported as being grown on the same parcels 
as other crops. 
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Table 4. Crop combination matrix (n=245) a 

 
Other crop Main crop 

Timber (42) Coconut (50) Rice (4) Bananas (31) 
Timber (101) 0 43 0 16 
Coconuts (108) 24 0 3 18 
Rice (37) 1 3 0 3 
Bananas (5) 0 0 0 0 

a Numbers in parentheses are frequencies of mentions as main and other crops. 
 
Overall, the parcel analysis indicates that there is a wide variety of cropping systems, based 
in particular on coconuts, timber trees, fruit and rice. However, apart from this broad 
typification, it is difficult to identify commonly adopted agroforestry systems. While coconuts 
and timber trees are both grown on more than 40% of land parcels, these are listed together 
as major crops on only 67 parcels (27.3%). Similarly, both coconuts and rice are listed as 
major crops on only six parcels, and timber trees and rice on only four parcels. 
 
PARCEL AND BLOCK ANALYSIS OF TREE SPECIES GROWN 
 
While the above data are derived from a question confined to land parcels, details were also 
sought on a parcel and block basis, for blocks (distinct units within land parcels) carrying tree 
species. The frequencies for timber species are higher than those reported above, where 
separate blocks carrying trees are defined within a land parcel. Gmelina was clearly the 
most widely grown timber species, followed by mahogany (Table 5). No other tree species is 
reported as a main crop on more than 5% of land parcels. 
 
Table 5. Trees as main crops on each land parcel (n=200) 
 

Tree species Frequency of first 
listing 

Frequency of second or later 
listing 

Relative frequency  
(%) 

Gmelina 112 3 55.8 
Mahogany 69 5 35.9 
Mangium 10 0 4.4 
Bagras 3 0 1.5 
Auri 2 1 1.5 
Bamboo 2 0 1.0 
Bangkal 1 0 0.5 
Mango 1 0 0.5 
Total 200 7   

 
As indicated in Table 6, gmelina, mahogany and mangium are most frequently planted in 
compact blocks within land parcels, and there is only a small proportion of border plantings 
(mainly of gmelina). Notably, only about 51% of the gmelina plantings are in compact blocks, 
whereas compact blocks are the rule for mahogany and mangium (73% and 100% of the 
sample, respectively). 
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Table 6. Contingency table of species versus planting layout, for main species (n=198)a 

 
Species Planting layout 

Gmelina Mahogany Mangium 
Total Relative 

frequency (%) 
Compact block 59 (51.3) 54 (73.0) 9 (100) 122 61.6 
Intercropped 25 (21.7) 16 (21.6) 0 (0) 41 20.7 
Fenceline planting 18 (15.7) 2 (2.7) 0 (0) 20 10.1 
Other, not stated 13 (11.3) 2 (2.7) 0 (0) 15 7.6 
Total        115 74 9 (0) 198 100.0 

a Numbers in parentheses are percentages. 
 
Table 7 lists the ‘other’ tree species and crops grown and livestock grazed, in 207 blocks 
carrying trees, reported by respondents. Coconuts clearly lead the list. The main tree 
species (gmelina, mahogany and mangium) have few mentions under ‘other’ trees grown. 
Among the other timber trees, the native tree species of ipil-ipil and antipolo are the most 
popular, and bamboo is also notable. Bananas and mangoes are the most popular fruit 
species, and carabao is the most widely found large livestock species. In that no individual 
species has a high frequency, no widely practiced agroforestry systems in terms of species 
mix are apparent. 
 
Table 7. Other trees and plants grown, and livestock grazed, in tree blocks 
 
Tree, crop or livestock 
speciesa 

Frequency of 
mentions 

Tree, crop or livestock 
species 

Frequency of 
mentions 

Coconut 63 Jackfruit 5 
Gmelina 1 Talisayb 3 
Mahogany 5 Durian 1 
Mangium 2 Pineapple 1 
Ipil-ipil 12 Tamarind 1 
Antipolo 10 Fruit trees 2 
Bagalonga 3 Cacao 1 
Anislag 4 Cassava 1 
Narra 4 Carabao 9 
Bamboo 8 Cattle 5 
Banana 9 Goats 2 
Mango 7   

a Strictly speaking, tree species should not have been mentioned in response to this question. 
b Talisay (Terminalia catappa) is an almond-like medicinal plant. 
 
CROP, LIVESTOCK AND NON-FARM INCOMES 
 
Table 8 summarizes respondents’ earnings from cropping over the year preceding the 
survey, for those completing this part of the questionnaire. Sixty eight respondents (84.0% of 
the sample) produced copra, all selling their product. Thirty five respondents (43.2%) 
reported growing rice, but only half sold palay (unhusked) rice, on average selling about 
three quarters of their harvest. Abaca generated the next highest level of revenue, all being 
sold. On average, about half of the mango and camote crop was sold, and about one third of 
the banana and cassava production. 
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Table 8. Production, disposition, and prices and revenue from main crops 
 

Crop 
Production or sales 
variable 

Copra 
(kg) 

Rice 
(palay) 

Camote 
(60 kg 
bag) 

Cassava 
(60 kg 
bag) 

Banana 
(piece)

Abaca 
(kg) 

Pineapple 
(piece) 

Mango 
(piece)

Number producing crop 68 35 11 6 29 6 9 6 
Number selling crop 68 17 7 4 20 6 4 4 
Total quantity harvested 256,554 6673.5 72.5 129 233,495 2350 6805 2719 
Average proportion sold 
per producer (%) 98.28 37.61 49.47 33.83 31.93 100 23.44 58.83

Average proportion sold 
per seller (%) 98.28 77.44 77.74 50.75 46.3 100 52.75 88.25

Average price (PhP) 13.22 501.91 308.57 85.00 0.68 13.33 14.63 22.00
Average revenue per  
seller (PhP) 49,877 197,029 3196 2741 7939 5221 24,889 14,955

Average revenue over all 
sample farms (PhP) 41,152 32,023 214.71 68.70 907.57 5106.20 648.35 651.72

 
The annual crop income over the whole sample averaged PhP76,053, the main contributions 
being from copra and rice. Of the 68 respondents growing copra, 38 grew no rice, 
presumably lacking suitable land. Of the 35 growing rice, six grew no copra. This suggests 
that farmers who are able to grow rice also produce copra. Other crops reported, of lower 
importance for on-farm food production and sales, were cacao, peanuts, and papaya, 
ampalaya, star apple, jackfruit, lanzones, rambutan and other fruit species. 
 
Table 9 reports details provided on livestock owned, and revenue from livestock sales. Pigs 
and chickens were the most widely reported livestock species raised, and used for food on-
farm. Twenty farmers slaughtered a total of 140 pigs, and sold 449 head at an average price 
of PhP3079. Thirty three farmers (40.7% of the total sample) had a total of 163 pigs on hand, 
and three of these reported having a total of 26 piglets on hand. Pigs were the greatest 
livestock revenue earner, followed by cattle. The annual livestock income over the whole 
sample averaged PhP24,787, more than two-thirds of which was from sale of pigs. In regard 
to other livestock, five owners had a total of 168 ducks on hand, although no duck sales 
were reported. One respondent reported having sheep, and one reported having horses. 
 
Table 9. Livestock numbers, sales, prices and revenuea 
 

Livestock species 
Production or disposition variable 

Cattle Carabao Pigs Goats Chickens 
Number of current owners 16  8 33 7 35 
Number slaughtering animalsa    7 na 20 2 32 
Number slaughtered 12 na 140 4 525 
Number of sellers  6   5 23 1 6 
Number sold 42 11 449 2 268 
Mean priceb 10,337 15,250 3079 650 82.5 
Stock on hand 515 79 163 20 570 
Mean income over sample 5359.93 2070.99 17,067.54 16.05 272.96 

a ‘na’ means not available because not asked, but number very small. 
b The mean price is an average over the prices obtained per seller, where some respondents sold more 

than one head of a particular species.  
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Off-farm Income 
 
Table 10 summarizes the off-farm income sources of respondents. Many of the respondents 
had some form of non-farm income, the most important sources being income from 
professions and from ‘other’ sources (including non-professional work, sari-sari store, 
driving, tuba gathering, and charcoal making). Twenty one percent received domestic 
remittances, but amounts were small, and only about one in 10 reported remittances from 
overseas. Only one respondent reported working for pay on another farm. Twelve 
respondents indicated they produce charcoal from coconut shells, but only one from timber.  
 
Table 10. Sources and amounts of off-farm income 
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Number reporting income 17 8 1 5 38 40 
Total income (PhP) 22,758 302,000 6000 318,600 4,949,676 5,046,118 
Average income per 
respondent (PhP) 1339 37,750 6000 63,720 130,255 126,153 

 
EVIDENCE OF AGROFORESTRY SYSTEMS FROM DATA ON INDIVIDUAL 
BLOCKS 
 
The data for individual blocks provided limited evidence of mixed-species plantations or 
adoption of agroforestry systems in the sense of combining timber trees with other crops. An 
example is provided in Table 11, which reports various characteristics of Block 1 of Parcel 1 
for all sample respondents. Most respondents reported only a single species (usually 
gmelina or mahogany), and a high stand density. Most plantings were of compact blocks. No 
planting had taken place in the last five years, and only 17.1% had planted in the last 10 
years. Practically no detail was provided on intercropping, although coconuts and grazing 
with carabao were mentioned. The pattern was similar across all blocks, although less detail 
was provided than for Block 1, and some mention was made of fruit trees. 
 
Table 11. Some characteristics of Parcel 1, Block 1 
 
Characteristic Value or frequency distribution 
Number of tree species reported One: 77; more than one: 1 
First tree species listed (n=81) Gmelina 40; mahogany 34;  mangium 4; none 3 
Mean block size (m2) (n=64) 0.85 ha 
Mean number of trees (n=62) 1156 
Planting layout (n=77) Compact block 52, intercropped 15, boundary planting 2, 

other 8 
Planting year (n=77) 2004 or later: 0; 1999 or later: 13; 1994 or later: 48; 1983 

or later: 75; 1973 or later: 76 
 
LAND USES ON TREE BLOCKS 
 
Blocks planted to trees were identified where present in the timber inventory survey, and the 
same sampling framework was adopted in the socio-economic survey. The definition 
adopted for a tree block was that the minimum area be 0.1 ha and the minimum number of 
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trees be 100. Respondents were asked to list other species on these tree blocks, and 
responses are summarized in Table 12. 
 
Table 12. Other land-use activities on tree blocks (n=352) 
 
Species Frequency Species Frequency 
No other land use 252 Talisay 3 
Coconut 65 Bagalonga 3 
Ipil-ipil 14 Molave 3 
Banana 11 Lanzones 3 
Antipolo 10 Goats 2 
Carabao 9 Guava 2 
Mahogany 6 Bayanti 2 
Anislag 6 Abaca 1 
Mango 5 Pineapple 1 
Jackfruit 5 Sheep 1 
Tibig 5 Gmelina 1 
Cattle 5 Cacao 1 
Narra 4   

 
Of 352 tree blocks, no other trees or plants grown or livestock raised were reported on 252 
blocks. Coconuts were reporting on nearly two-thirds of the other blocks. Relatively small 
numbers of tree blocks contained other timber or fruit tree species (more than one tree 
species). Carabao were grazed on nine tree blocks, and cattle on five. Overall, apart from 
the trees and coconuts combination, no clear pattern of agroforestry system is evident. 
 
From observations, fruit trees including pineapples are sometimes grown under tree crops 
for a limited time before canopy closure, but in that no recent plantings were observed, this 
activity would be missed in the survey data. This analysis also excludes the wide variety of 
vegetable species grown on small areas on household blocks where some fruit or timber 
trees are often present. Notably, the micro definition of a tree block (at least 0.1 ha and 100 
trees) would limit the presence of multiple species. 
 
CONCLUDING COMMENTS 
 
Some broad classes of agroforestry can readily be identified in Leyte, even by casual driving 
through the countryside. Rice is widely grown on relatively flat coastal areas, backed by 
coconuts and bananas on slopes, with roadside plantings of gmelina. The challenge in this 
study was to use a survey approach to obtain more in-depth insights into agroforestry 
systems. 
 
It is clear that Leyte smallholders rely almost exclusively on two timber species, with gmelina 
dominating mahogany. There would appear to be a resurgence in coconut production, 
following the recovery of the copra price, with little recent planting of timber trees. A wide 
variety of tropical fruit species are grown, but bananas and mangoes appear to be the main 
commercial species. Fruit trees are typically a secondary crop on farms growing coconuts 
and timber trees. Surprisingly few landholders are growing abaca crops. 
 
On a farm and land parcel basis, there is broad mix of crop and livestock activities being 
conducted, but there is little evidence of mixed activities within blocks. Growing multiple 
species at the farm and parcel level provides income stability, increased self-sufficiency and 
some complementarities between species, but does not take full advantage of the economic 
and ecological benefits raised by Helms (1989) and Kenneth et al. (1990). Alley cropping 
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appears not to be widely practiced in Leyte. There appears to be scope for further 
development of within-block species mixtures, as are being trialled in Mindanao.  
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15. TRANSHIPMENT MODEL TO EXPLORE 
MARKETING OPTIONS FOR 
SMALLHOLDER FORESTRY ON LEYTE 
ISLAND, THE PHILIPPINES 

 
Edwin Cedamon, John Herbohn and Steve Harrison 
 
 
Transhipment modelling has been used to identify the optimal location of marketing facilities 
for many commodities. This approach is being used to analyse timber marketing options for 
smallholder tree farms on Leyte Island, the Philippines. The model is designed to evaluate 
the optimal location of smallholder timber processing and the economic benefits of pruning, 
thinning and improved planting stock. The analysis will provide input to support policy and 
investment decisions that are critical for smallholder tree farm enterprises.  
 
 
Direct cash income from timber sale is one of the many motivations for smallholder tree 
planting in many developing countries (Dewees and Saxena 1997; Holding-Anyonge and 
Roshetko 2003) including the Philippines (Pasicolan et al. 1997; Magcale-Macandog et al. 
199l; Cedamon and Emtage 2005; Polinar 2007). Despite the promise of smallholder tree 
planting as an alternative and additional source of income, current returns to smallholder 
tree farms are low for many reasons. One of the reasons is the lack of market information 
(Herbohn et al. 2007; Cedamon et al. 2007) and lack of a marketing mechanism favourable 
to smallholder tree farmers (Scheer 2004; Pasicolan and Macandog 2007).  
 
Sawn timber is the major timber product produced by smallholders on Leyte Island. 
Smallholder farmers apparently lack information about what the market requirements are for 
sawn timber and as a result they do not manage their tree farms to optimize the output of 
these desired products. Pruning and thinning treatments are applied to stands to improve 
timber quality and increase volume (Shepherd 1986; Smith et al. 1997) but these methods 
have not been practiced by Leyte smallholders due to a poor understanding of their 
economic benefits. Smallholders lack the knowledge on how and where to market their trees 
and also don’t know what the current value of their trees is which leads them to accept low 
prices offered by local timber merchants who purchase standing trees and process all the 
necessary felling and transport approvals.  
 
A question on whether there is a revenue premium from the silvicultural treatment of pruning 
and thinning in smallholder tree farms is relevant to Leyte Island. Also, smallholder farmers 
need to know which method between chainsaw and bandsaw (the common timber 
processing systems in Leyte) has the highest returns and which market they should target 
for their products to optimize returns. There is also a need for timber entrepreneurs to know 
where harvestable trees are located and what volume is available. Mathematical 
optimization techniques have been used to answer questions like these. Transhipment 
modelling is a mathematical optimization technique which has been applied in many 
industries, including meat processing (King and Logan 1964; Hurt and Tramel 1965; Brown 
1985), fish (Leyva et al. 2006), fruits (Kilmer et al. 1983), nuts (Baldwin et al. 1987) and wool 
(Ferguson 1971) to determine the optimal spatial organization of marketing facilities. The 
optimal spatial organization of marketing facilities can greatly reduce marketing cost to the 
benefit of domestic producers and consumers through higher better prices (Baldwin et al. 
1987). One approach to optimizing spatial organization of marketing facilities is through 
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transhipment modelling. A transhipment modelling1 project is being undertaken for Leyte 
Island smallholder forestry to support policy and investment decisions. The purpose of this 
paper is to present the research questions being investigated in the transhipment model and 
the model formulation. Accomplished and continuing activities relevant to this project are 
discussed. 
 
RESEARCH QUESTIONS 
 
The ACIAR Smallholder Tree Farm Project2 investigated some marketing issues 
experienced by smallholder tree farmers through a number of research activities including 
carrying out a timber inventory on tree farms, and conducting surveys of tree farmers and 
timber entrepreneurs. There is a wealth of data collected from these research activities that 
can be used to further investigate potential options for improving smallholder timber 
marketing on Leyte Island via transhipment modelling. The following questions are being 
investigated using the transhipment model.  
 
Key questions: 

1. How financially viable is improved thinning and pruning, improved stand 
management and improved quality of planting stock for smallholder gmelina and 
mahogany farmers? 

2. What timber product class and what market destinations should be targeted in 
processing and marketing gmelina and mahogany timber from smallholder tree 
farms? 

3. What marketing arrangements are financially feasible for smallholder tree farmers? 
 
Specific questions: 

1. How much sawn timber should be processed by tree farmers on farm, and how much 
should be processed at bandsaw mills by bandsaw millers? 

2. What timber processing schedule and timber market flows provide the optimal 
revenue to the timber industry? 

3. What is the farthest distance timber products could travel to the customers to 
financially break even? 

4. What are the pessimistic, most likely and optimistic quantities of timber that should 
flow from each network node, that is from tree farmers and processors? 

5.  What are the ranges of timber supply and demand that warrant optimal revenue of 
timber industry?  

6. What supply regions should be prioritized for smallholder tree farm expansion? 
 

Under several scenarios, the following questions will be asked: 
7. Is it feasible to produce kiln dried lumber from Leyte for supply to the Cebu furniture 

industry? 
8. How much extra revenue could be generated if trees are pruned and thinned, and 

quality planting stocked used? and How much timber production cost (labour and 
cost of quality planting stock) would increase with improved silviculture and would the 
increase in revenue to smallholders justify this increased cost? 
 
 

                                                 
1 The transhipment modelling project described in this paper is a PhD research project by the first 

author at the University of Queensland under the ACIAR John Allwright Fellowship. 
2 The ACIAR Smallholder Forestry Project is a collaborative research project of the University of 

Queensland, Visayas State University and the Department of Environment and Natural Resources 
titled ‘Improving Financial Returns to Smallholder Tree Farmers in the Philippines’, ACIAR Project 
No. ASEM/2003/052. 
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9. Is it feasible if there is portable sawmill with saw kerf smaller than chain saw (that is 
the sawn timber recovery rate output is higher than chainsaw) available for hire to 
smallholder tree farms? What is the financial viability of alternative saw mill types and 
how many of them are required? 

 
MODEL FORMULATION  
 
The overall LP model – a form of transhipment or locational efficiency model – is formulated 
in terms of defining timber production, lumber processing and transport activities, timber 
resource supply and demand constraints, capacities of supply regions and processing 
plants, and the objective function. Unlike the conventional transhipment problem which aims 
to minimize transport and processing cost, the model is designed to determine the revenue-
maximizing allocation of timber from tree farms to timber markets. The revenue is the 
amount received by the industry on sale of final timber product net of timber production, 
harvesting, timber processing, transport and selling cost. Production activities and resource 
supplies in the LP model are defined for current and improved silviculture, current and 
improved stand management, and currently used planting stock and improved planting 
stock, to examine the financial viability of improved timber production on smallholder tree 
farms.  
 
Each municipality on Leyte Island is considered to be both a supply and demand region and 
current location of sawmills represent transhipment points. The activity levels to be optimized 
represent the quantities of the various timber products transported (species, product 
specification) from any source to any market destination in a given year. The right-hand side 
values define the timber supplies of tree farms (which cannot be exceeded), the processing 
capacities of processors (which cannot be exceeded), and the timber demand by consumers 
(minimum quantities to be met). A constraint representing transhipment is introduced to 
define that whatever volume of timber flowing out from a sawmill should be equal to what it 
receives. Processing capacities of tree farmers and sawmills are introduced as upper 
bounds (cannot be exceeded) of timber flows from each node. The volume unit of timber 
flowing out from a particular node should be expressed in terms of units of final product 
demanded by customers. For this model, the volume of timber product flowing from the 
supply region is defined in terms of cubic metres (m3) of lumber.  
 
The model may be written in a matrix-vector form as: 

 
Maximize Z = CTX, subject to AX ≤ B, where  
Z is the objective function (net revenue in PhP 1000) 
C is a vector of activity net revenues (and CT is the transpose of this vector) 
A is a matrix of technical coefficients 
X is a matrix of activity levels, and 
B is a vector of resource supply and demand. 

 
Particular elements of these matrices and vectors are now defined with respect to examples 
of constraints and the objective function. An example of a supply constraint is: 
 

aijkp xijkp≤ bijk  
 
where  aijkp = 1, defines the unit volume flow of logs of timber species i , in log class j, from 

supply region k to processors p (in m3). 
 
bijkp is the volume of log timber for species i, with log size class j, available in supply 
region k for processing by processors p (in m3). 
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xijkp is the number of units of log timber of species i , with log class j, obtained from 
supply region k and processed by processor p (in m3).  
 

An example of demand constraints is:  
aijkp xijkp ≤ bijm  

 
wherein aijkp = 1, defines the unit volume flow of sawn timber of timber species i , in log class 

j, sawn at processors p for demand region m (in m3). 
 
bijm is the volume sawn timber for timber species i, with log size class j required by 
demand region m (in m3). 
 
xijkp is the number of units of sawn timber of timber species i , in log class j, 
processed in processors p for demand region m (in m3) (The X values are decision 
variables, the levels of which are to be optimized). 

 
Examples of processing constraints are the following: 

 
Inflow constraint,  aijkp xijkp ≤ bijp  
 
Outflow,   aijpm xijpm = bijp  

 
wherein for inflow constraints 
 

aijkp = 1, defines the unit volume inflow of log of timber species i , in log class j, from 
any supply region k to processors p (in m3). 
 
bijp is the volume of log of timber for species i, with log size class j, that can be 
received by processors p (in m3). 
 
xijkp is the number of units of log of timber species i , with log class j, from any supply 
region k that shipped to processors p (in m3).  
 

and for outflow constraints 
 

aijpm = 1, defines the unit volume of sawn timber of timber species i , in log class j, 
shipped from processors p to any demand region m (in m3in log equivalent). 
 
bijp is the volume of sawn timber of timber for species i, with log size class j that was 
processed in processors p (in m3in log equivalent). 
 
xijpm is the number of units of sawn timber of timber species i , in log class j, shipped 
from processors p to any demand region m (in m3in log equivalent). 

 
The objective function of this model is summarized as follows: 
 

ijkpmijkpm
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 Equation 1 

 
In equation 1, rijkpm  represents the revenue per unit of sawn timber of species i and logs 
class j sold from supply region l and processed at processors p sold to demand region m 
processed. The notation cijkpm  represents the total cost of sawn timber production per unit of 
sawn timber of species i and logs class j sold from supply region l and processed at 
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processors p sold to demand region m processed. This cost includes timber production 
(timber growing), transport cost (off-road and on-road) and milling cost. The notation qijkpm  
represents the number of units (m3) of sawn timber of species i and logs class j sold from 
supply region l and processed at processors p sold to demand region m. The parameter 
names and elements representing these notations are presented in Table 1.  
 
Table 1. Indices of the LP model for production, processing and marketing of timber 
products from smallholder tree farms on Leyte Island 
 
Parameter 
notation 

Parameter name Elements 

i Species Mahogany, gmelina (2) 
j Log size class Length class x diameter class (15)  
 Length class 1.8 m, 2.4 m, 3 m, 3.7 m, 4.9 m 
 Log diameter classes 21–30 cm, 31–40 cm, >40 cm 
k Log supply region 62 municipalities  
m Demand region 62 municipalities in Leyte and one in Cebu 
p Processor Existing bandsaw mills and on-site 

processing by chainsaw 
 
This model is subject to the following constraints: 

ijkijkp
pkji

STq ≤∑∑∑∑       Equation 2 

ijmijpm
mpkji

DQq ≥∑∑∑∑∑      Equation 3 

pijkp PCIFq ≤         Equation 4 
 

ijkpijpm IFqOFq =        Equation 5 
 

0, ≥ijpmijkp qq         Equation 6 
 
where STijk = standing log supply volume of timber species i , of log class j, available in 

supply region k.  
 

DQijm = volume of sawn timber of timber species i , of log class j, required by demand 
region m.  

 
PCp = maximum volume of log that can be received by any processor p. 
 

IFqijkp = , is the total volume inflow of logs of timber species i of 

log class j from supply region l to processor p.  

ijkp
pkji

q∑∑∑∑

 
OFqijpm= is the total volume outflow of lumber in log equivalent (m3) of timber species 

i of log class j from processor p to demand region m. 
 
qijkp = is the quantity of log of timber species i , of log class j, from supply region k to 

processor p.  
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qijpm = is the quantity of sawn timber of timber species i , of log class j from processor 
p delivered to demand region m. 

 
Equation 2 specifies that the sum of logs volumes (m3) obtained for any supply region for 
milling by processors should not exceed the volume of standing log supply in that particular 
supply region. The standing log supply is the net volume of logs from the stand that 
smallholders are planning to sell. Equation 3 states that the volume of sawn timber required 
by any demand region should at least be met. Equations 4 and 5 denote the processing 
capacities wherein Equation 4 specifies that the total volume that should be received by a 
particular processor should not exceed by its processing capacity. Equation 5 requires that 
the sum of sawn timber in log equivalents (m3) flowing out from a particular processor should 
be equal to the volume of logs received by that particular processor. The non-negativity 
constraints are specified as Equation 6. 
 
In terms of balancing the model so that supply and demand constraints are met, provision 
will be made for slack in both of these constraint types. Shortfalls in relation to market supply 
can be represented by dummy timber origins (e.g. tree farms), and shortfalls in meeting 
market demand by dummy destinations (timber merchants or timber processors), with 
‘penalty cost’ attached to transport to and from these locations. 
 
A scenario analysis will be run to evaluate financial viability of improved silviculture and use 
of high quality planting stock. This will require changes in technical coefficient to 
accommodate changes on timber production cost and yield per log size class due to 
improved silviculture. It may be that the selling price of any timber product may increase due 
to an increase in quality of timber product, e.g. a reduction of knots and reaction wood. The 
transhipment model is a ‘static’ analysis which assumes that the period of observation in the 
model is ‘snapshot’ of a long-run equilibrium. This model considers 62 supply regions, at 
least 62 demand regions, 2 species, 15 log classes, and at least 62 chainsaw processing 
points and a number of bandsaw processors, with an estimated minimum tableau size of 
4320 columns by 4260 rows. Given the size of the model the Generalized Algebraic 
Modelling Systems (GAMS) is the optimization software being used. Figure 1 shows a 
screen shot of input file in GAMS window (Figure 1).  
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Figure 1. A screenshot of the prototype model in GAMS 
 
ACCOMPLISHED AND CONTINUING RESEARCH ACTIVITIES 
 
In terms of estimating parameters in the transhipment model for Leyte Island smallholder 
forestry, several activities had been or are still being conducted. These include analysis of 
timber enterprise survey data, an analysis of ACIAR tree measurement data, collation of the 
Barangay Chairmen Tree Farm Inventory data, interviews with selected tree farmers, 
interviews with key timber processors and chainsaw operators, collation of DENR archival 
records on timber shipments, and sawing trials. Data from the Barangay Chairmen Tree 
Farm Inventory have already been collated. Archival of records from DENR and interviews 
with key processors, chainsaw operators and selected tree farmers were conducted between 
August and December 2008 and analysis of the data gathered is continuing. Results from 
sawing trials and analysis of data from the timber enterprise survey are reported in other 
papers in these Proceedings. Analysis of tree measurement data to determine timber supply 
by log classes is continuing. A workshop with selected tree farmers, timber entrepreneurs, 
and representatives from DENR, LGUs and academics will be held on Leyte Island to 
validate results of the model and obtain feedback. 
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16. TIMBER ENTREPRENEURS’ ATTITUDES 
AND PLANS RELEVANT TO 
SMALLHOLDER FORESTRY 

 
Edwin Cedamon, Janet Cedamon, Steve Harrison and Eduardo 
Mangaoang 

 
 
A survey of timber entrepreneurs in Eastern Visayas and Metro Cebu has been conducted 
as part of the ACIAR Tree Farm Project to investigate the use, attitudes and preferences of 
timber entrepreneurs for smallholder timber. It was found that gmelina and mahogany are 
widely used by timber enterprises in the study area. The majority of timber enterprises obtain 
most of their timber requirement from timber dealers while some obtain timber directly from 
tree farmers. Smallholder timber, e.g. gmelina and mahogany, are found to be suitable for 
timber businesses but current government regulation concerning harvest and transport, 
declining timber resources and a poor timber market are some of the problems affecting the 
use of smallholder timber in timber enterprises. 
 
 
INTRODUCTION 
 
As the supply of timber from native forests has contracted, the need for plantation forestry 
has been recognized. In general, plantation forestry was initially seen as the responsibility of 
the government, as recognition of the unattractiveness of forestry investment for the private 
sector due to the long payback period. However, increasingly plantation forestry has become 
the purview of the private sector. Also, the relative importance of non-industrial forest owners 
would appear to be increasing. Harrison and Herbohn (2003) noted that smallholder and 
community forestry has played an increasing role relative to industrial forestry in the 
Philippines, and tends to be more socially acceptable. This trend is also apparent in 
developed countries. As noted by Bliss and Kelly (2008), the forest ownership pattern of the 
USA has changed so rapidly in recent years that accurate up-to-date statistics on ownership 
are not available, and non-industrial private owners hold almost half of the forestland. 
 
Previous research results from the ACIAR Smallholder Tree Farm Project1 based at the 
College of Forestry and Natural Resources at Visayas State University in Leyte in the 
Philippines, revealed that markets for timber grown by smallholders are small and poorly 
developed. A survey in four rural communities in Leyte Province found that many of the 
households that grew trees were concerned about how and where to market their timber 
(Emtage 2004). 
 
Farm or smallholder forestry faces many difficulties and constraints, notably in relation to 
silviculture, tree protection, timber quality and timber marketing (e.g. Byron 2000; Herbohn et 
al. 2003). There is little information available concerning the attitudes and preferences of 
timber buyers and processors in relation to the use of smallholder timber. Is farm-grown 
timber an inferior product to plantation timber? Is it mainly purchased when plantation timber 
is not available? Are the timber species and silvicultural methods of small private growers 
appropriate for the markets that exist within their districts? These appear to be critical 

                                                 
1 The formal project title of the Smallholder Tree Farm Project is ACIAR Project ASEM 2003/052, 

Improving Financial Returns to Smallholder Tree Farms in the Philippines. 
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questions in terms of whether the expansion of small-scale forestry is to be associated with 
market opportunities. Thusalidas and Bhat (2009) found through sawing trials that 
homestead grown teak in Kerala in India was approximately equal in quality to industrially 
grown teak, provided the former was not harvested too early.  
 
There are many small-scale timber producers on Leyte Island, but no industrial plantations. 
The processing sector is thus resourced from imports and local small-scale growers. The 
objective of the research reported here, which is part of a wider study supported by ACIAR, 
has been to examine the role of smallholder forestry as a source of timber supply to timber 
processors in Leyte. An interview survey of timber enterprises in Region 8 and Metro Cebu 
was conducted to shed light on the research questions. The next section briefly describes 
the research method. Timber enterprise operators’ attitudes to smallholder timber as a 
resource, perceptions of future industry prospects, and future plans for their enterprises are 
then reported. Concluding comments follow. 
 
RESEARCH METHOD 
 
The main impetus of the timber enterprise survey was to gather information concerning the 
attitudes and preferences of timber entrepreneurs in relation to smallholder timber. The 
questionnaire used in this survey was developed based on questionnaires used in previous 
timber enterprises surveys, including those used by Mangaoang et al. (2005) and Bonife 
(2005) on Leyte Island, and Bui (2004) in Vietnam. The questionnaire was tested through 
interviews with three timber entrepreneurs on Leyte Island to determine the appropriateness 
and quality of questions. The test interviews indicated no problems in the questionnaire so 
the data gathered from these test interviews formed part of the main survey data.  
 
The survey was conducted between August and October 2006. Information gathered 
included: 
 

• respondents’ profile, 
• overview of their business activities,  
• timber procurement in volume and buying price,  
• timber products sold (volume) and selling price received,  
• entrepreneurs’ views on smallholder tree farms as a source of timber resource and 

their perceptions of future prospects for Philippine timber enterprises. 
 
The questionnaire was written in English but translated to the local dialect by survey 
enumerators during the interviews. The survey employed two pairs of enumerators of which 
one person served as the interviewer and the other as a recorder. Enumerators had an 
educational background in forestry, relevant experience in social surveys, and the ability to 
speak and understand both the Cebuano and Waray-Waray dialects. All enumerators were 
employed by the ACIAR Smallholder Tree Farmer Project based at the College of Forestry 
and Natural Resources, Visayas State University, Visca, Baybay, Leyte. 
 
The Study Area 
 
The survey reported in this paper was conducted in Region 8 (also called Eastern Visayas 
Region) and Metro Cebu area, the Philippines. Region 8 or Eastern Visayas region 
encompasses the three major islands – Leyte, Samar and Biliran (Figure 1) – and has six 
provinces, including four cities, 139 municipalities and 4390 barangays2. The population of 

                                                 
2 The barangay is the smallest political unit into which cities and municipalities in the Philippines are 

divided. It is the basic unit of the Philippine political system. It consists of less than 1000 inhabitants 
residing within the territorial limit of a city or municipality and administered by a set of elected 
officials, headed by a barangay chairman (punong barangay).  
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Region 8 was 3.61 M in 2000 (NSO 2003). The total land area of the region is 2.14 M ha, of 
which 47.8% or 1.02 M ha is classified as alienable and disposable land3, the balance being 
forestland (DENR Region 8, undated).  
 
While the primary focus of the study was the Leyte timber industry, there are considerable 
timber flows, particularly timber imports, into Leyte from the neighbouring island of Cebu. 
Because of this, the survey also covered timber enterprises operating in Metro Cebu area. 
These include Cebu City, Mandaue City and Lapu-Lapu City (Figure 2). These cities are 
considered as the main trading and industrial centres in Cebu Province. Furniture and 
woodcraft have been identified as one of Cebu’s major industries (NEDA Region 7 undated). 
Cebu has a population of about 3.37 M people as of 2000 (NSO 2000). Cebu is an island 
province consisting of six cities and 48 municipalities.  
 

  
 
Figure 1. Map of Region 8 (Eastern Visayas 
Information. Network 2005) 

 
Figure 2. Map of Cebu Province (Cebu-
Philippines. Network 2008) 

   
Locating Respondents and Setting-up Interviews 
 
Lists of registered lumber dealers and re-sawmill permitees operating in Eastern Visayas 
and Metro Cebu were obtained from the Department of Environment and Natural Resources 
(DENR), Regional Office 8 in Tacloban City, and the Community Environment and Natural 
Resources Office (CENRO) of Cebu City. The initial list of 124 enterprises was 
supplemented through snowball sampling (an approach described by Babbie 2005), in which 
the identified respondents are asked to provide names of any other members of the target 
population of which they are aware, particularly those operating in the same locality. 
 
Gaining the cooperation of timber processors in surveys can be extremely difficult (Harrison 
et al. 2005). This group tends to be distrustful of government agencies, typically does not 
maintain reliable records, and is concerned about taxation investigations. In the Philippines, 
where a large amount of illegally logged timber continues to be processed, anyone 

                                                 
3 Alienable and disposable land refers to freehold land. 
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requesting information about their timber sources creates a great deal of anxiety among the 
timber processors. Previous timber enterprise studies in Australia (Smorfitt et al. 2002) and 
in Leyte (Mangaoang et al. 2004; Bonife 2005) experienced difficulty in obtaining a 
sufficiently large number of survey respondents to produce meaningful information. On the 
other hand, a near 100% response rate was obtained from small-scale timber millers in 
Vietnam (Bui 2004), possibly associated with the greater ability of government to obtain the 
cooperation of industry in a communist country.  
 
Interviews with prospective respondents were set up by an enumerator personally handing a 
letter to the registered owner of the lumber business or re-sawmill. The letter described the 
objectives of the study as well as possible outputs from the study. It was emphasized that 
interviews were voluntary and confidentiality would be maintained, with no data to be 
released through which the identity of individual respondents and their business 
establishments could be identified. The letter was signed by the Philippines country project 
leader as the person to be contacted for further inquiries related to the survey. Enumerators 
also identified the main activity or product of the enterprise before the interview, especially 
for registered establishments of lumber dealers and re-sawmill permitees. The dates, times 
and venues of interviews were arranged at least one week prior to interviews, at 
respondents’ choice of time and venue. 
  
Data Encoding and Data Management 
 
The survey responses were recorded on the interview schedule using the local dialect but 
were translated into English by enumerators before encoding to SPSS version 11. All data 
were encoded to SPSS as text or string data, to ensure that no information was lost during 
the encoding. Categorization of responses was undertaken after all responses had been 
encoded.  
 
SURVEY FINDINGS 
 
It was found that there were 135 timber entrepreneurs in Eastern Visayas and Metro Cebu 
(Table 1). There were 118 identified from DENR records, which included 52 lumber dealers, 
16 of which were also found on the re-sawmill permitees list of CENRO Cebu City. It was 
also found that 23 re-sawmill permitees were purely involved in re-sawmilling activities but 
were not engaging in timber dealing. It is known that two of the lumber dealers and three of 
the re-sawmill permitees identified each have a branch in nearby cities in Metro Cebu area 
as indicated in the registration list. The names of 33 lumber dealers and re-sawmill 
permitees were obtained from the list provided by DENR Region 8 Tacloban City. The other 
17 timber enterprises (15 on Leyte Island and two in Metro Cebu) were discovered by the 
enumerators in these provinces through asking registered lumber dealers and re-sawmill 
permitees if they knew of any timber entrepreneurs not on the DENR lists. 
 
Among the identified timber entrepreneurs in the study area, representatives of 51 
establishments were interviewed, of which 34 were on the list of timber enterprises 
registered with the DENR and 17 obtained through snowball sampling (Table 1). Less than 
half of the number timber enterprises on Leyte Island registered with DENR participated in 
the survey while all timber enterprises identified by enumerators through snowball sampling 
participated in the survey. Five out of six timber enterprises from Samar Island (83.3%) and 
one of the three lumber dealers from Biliran Island participated in the survey. The response 
rate obtained from Metro Cebu area was 35.2%. Several enterprises identified on the DENR 
list were not contacted because the listed establishment no longer existed; the manager or 
supervisor was out of the country and not contactable; employed personnel did not know 
who would be the appropriate person to answer the questions and in some shielded 
establishments the security guard refused to accept the introductory letter handed by the 
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enumerators or would not provide a contact telephone number because it was against the 
establishment’s policies. 
 
Table 1. Numbers of timber entrepreneurs identified and interviewed and response rate 
 

Number of respondents 
interviewed 

Location Number 
identified 

from DENR 
listsa  

Number 
identified by 
enumerators From DENR 

lists 
Identified by 
enumerators 

Response rate 
(%) 

Leyte Island 24 15 11 15 67 
Samar Island 6 0 5 0 83.3 
Biliran Island 3 0 1 0 33.3 
Metro Cebu 52 2 17 2 35.2 
Total  118 17 34 17 34.2 
a Both lists provided by the DENR Region 8 Tacloban and CENRO Cebu City were dated 2005. 
 
Major Business Activities of Timber Enterprises  
 
Six major activity areas were identified for timber entrepreneurs in Eastern Visayas and 
Metro Cebu. As indicated in Table 2, 38 timber enterprises or 74% of the businesses were 
engaged in retailing sawn timber. Sawn timber included both finished and semi-finished 
lumber ranging from very rough lumber to s2s (two sides smooth) and s4s (all sides 
smooth). Four and three enterprises were engaged in sawmilling and re-sawmilling 
respectively. Sawmills and re-sawmills are defined in this study based on the raw material 
sawn in the mill; sawmills use mainly logs as input while re-sawmills mainly use flitches that 
are cut down to smaller dimensions. Accordingly, sawmills have large bandsaws while re-
sawmills have relatively small bandsaws, referred to as mini-bandsaws. Mini-bandsaws 
typically have a band length of 228 to 305 cm, capable of cutting logs and flitches with a 
maximum thickness of about 35 cm. Other major business activities are summarized in 
Table 2.  
 
Table 2. Number of timber enterprises by business activity 
 
Business activity Number of timber enterprises Relative frequency (%) 
Retailing sawn timber 38 74.0 
Sawmilling  4  8.0 
Re-sawmilling  3  6.0 
Furniture production  2  4.0 
Pallet manufacturing  3  6.0 
Wood moulding manufacturing   1  2.0 
Total 51  100 

 
Quantity of Timber Purchased and Timber Sources  
 
The 50 respondents who identified their sources of timber4 mentioned a total of 59 sources, 
which after categorization of responses, were classified into four major timber source 
categories. Category 1 is ‘local’ timber sources which includes purchases from within the 
municipality, province or island. Category 2 comprises timber obtained within the region but 
outside the island where the timber enterprise is operating. Category 3 refers to timber 
                                                 
4 While 51 respondents participated in the survey, one respondent declined to answer this question. 
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obtained from other regions in the Philippines, and Category 4 contains timber obtained from 
abroad. It was found that more than half (58%) of timber businesses in the study obtained 
some or their entire timber requirement locally (Table 3).  
 
Table 3. Timber source of respondents by category 
 
Source type Frequencya 
Category 1 29 
Category 2 2 
Category 3 19 
Category 4 9 

 aSome enterprises obtained timber from more than one source category. 
 
Respondents were asked what timber species they purchased and what volume of sawn 
timber was obtained for each species. Forty seven respondents responded to these 
questions. Respondents’ annual procurement volume of sawn timber for the year 2005-06 
was 6.5 M board feet. As indicated in Table 4, respondents from Cebu had the highest sawn 
timber procurement basically because they are relatively large enterprises compared to 
enterprises operating in other areas in the study site. In terms of species purchased, 
approximately 48% of sawn timber purchases were gmelina, 24% were mahogany, 8% 
lauan, and 6% Malaysian lumber. These are, therefore, the main species used by the 
industry. Forms of timber purchased included logs, flitches, sawn timber, standing trees, 
mouldings, timber from old houses, and s4s.  
 
Table 4. Annual procurement volume of sawn timber of respondents by species and 
business location (n=47) 
 
Species Volume purchased (1000 board feet) 
 Leyte So. Leyte Samar Biliran Cebu Row Total 
Gmelina 375.20 38.77 12.00 ** 2667.80 3093.77 
Mahogany    1.05 33.60   1.00 ** 1517.60 1553.25 
Lauan   43.50 20.00 24.55 **   432.80 520.85 
Malaysian timber 125.80   180.00 ** **     81.60 387.40 
Bagras and lauan ** ** ** ** 240.00 240.00 
Lauan, mahogany and yakal 200.00 ** ** ** ** 200.00 
Gmelina, mahogany ** ** ** ** 187.20 187.20 
Falcata ** ** ** **  84.00 84.00 
Lauan, mahogany, malaysian 
timber ** ** ** **  48.00 48.00 
Culled mango ** ** ** **  36.00 36.00 
Raintree 34.29 ** ** ** ** 34.29 
Miranti and lauan ** ** 24.00 ** ** 24.00 
Ipil-ipil ** ** ** **  15.00 15.00 
Bagras ** ** ** **  14.48 14.48 
Mangium ** ** 14.40 ** ** 14.40 
White lauan ** ** ** 14.32 ** 14.32 
Red and white lauan, 
malaysian timber ** ** ** 13.76 ** 13.76 
Column Total 780 272 76 28 5324 6481 

** No purchases were reported in this location for this species. 
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Timber Suppliers and Buyers 
 
Survey respondents were able to identify seven suppliers of timber. As indicated in Table 5, 
31 (61%) of timber enterprises were supplied by timber merchants while only 17 (33%) 
timber enterprises obtained their timber directly from tree growers. Six respondents (12%) 
obtained their timber through a timber broker. Frequencies for other suppliers are presented 
in Table 5. 
 
Table 5. Suppliers of timber to timber entrepreneurs in Leyte, Samar, Biliran and Cebu area 
 
Supplier type Frequencya Relative frequency (%)  
Tree grower 17 33.0 
Timber merchant 31 61.0 
Agent/timber broker   6 12.0 
Tree grower/timber merchant   1   2.0 
DENR/CENRO   1   2.0 
Old house owner   2    3.0 
PLTP holder   1                      2.0 

a These frequencies include multiple sources to the same timber enterprise. 
 
Table 6 reports the frequency of respondents by type of timber buyers. Eight types of timber 
buyers were identified by respondents. Building contractors are those firms or individuals 
who have contracts to construct commercial and residential buildings. This type of buyer 
generally requires a high volume of timber for construction. Local consumers are mostly 
local households which require timber for small-scale repair and minor house construction or 
extension and furniture making. These two groups of consumers are generally the largest 
market for timber in the study area.  
 
Table 6. Regular buyers of timber 
 
Buyer type Number of entrepreneurs Proportion of buyers (%) 
Building contractor 16 31.0 
Local consumers 41 80.0 
Furniture maker (export)   9 18.0 
Furniture maker (local)   8 16.0 
Hardware/lumber retailer   5 10.0 
Government institution   5 10.0 
Veneer plant   1   2.0 
Non-government institution   1   2.0 

 
Views on Smallholder Forestry as a Source of Timber  
 
Respondents were asked their views on whether smallholders produce timber suitable for 
their enterprises. Of the 46 respondents who answered this question, 46% said that timber 
produced by smallholders is suitable for their enterprises (Table 7). Their reasons include: 
(1) there is demand by low-income households because timber and particularly gmelina has 
a lower retail price than lauan and imported lumber; (2) they are the only locally available 
timber species because of the log ban; (3) the quality of smallholder timber is high; and (4) 
they only purchase small quantities of timber for their enterprise. These respondents 
identified the following problems with smallholders as a timber source:  
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• many tree farms are inaccessible 
• slow processing of approval papers for harvesting and transport 
• most of smallholder trees are not registered with DENR 
• some wood defects, e.g. centre rot 
• expected shortage of future supply of smallholder timber  
• some relatively well-off consumers are starting to use steel as an alternative to timber 

in house construction 
 
Table 7. Responses to the question ‘Is smallholder timber suitable to your enterprise?’  
 
Response category Frequency (n=46) Relative frequency (%) 
Yes 21 46 
Conditional ‘yes’ 10 22 
No 10 22 
Conditional ‘no’   1   2 
Don't know   4   9 

 
The following are qualifications mentioned by respondents who answered ‘conditional yes’ 
for timber suitability. First, smallholder timber is suitable to their enterprises if trees are 
harvested when they have reached the acceptable merchantable size to produce high timber 
quality. Second, trees should be registered with DENR to avoid ‘hassles’ during harvesting 
and transport of timber. Third, they suggested lifting the log ban, and lastly, smallholders 
should be informed about forestry policies because most are not aware of government 
policies relevant to planted trees.  
 
About a quarter of respondents said that smallholder timber is not suitable for their 
enterprises. One reason is that timber produced by smallholders easily warps and twists and 
is prone to attack by insects. Another reason draws on their experiences of the difficulty to 
process permits with the DENR for harvesting and transport. One of the respondents said 
that their company has a supply contract with a large-scale timber supplier who meets their 
timber needs. Also, one respondent stated that he prefers lauan (which is not available from 
smallholders) for making wood mouldings. The reservations mentioned for the ‘conditional 
no’ response is that smallholders should form an association or cooperative to minimize the 
time needed to conduct transactions. This would allow bulk orders to be filled with less time 
and effort required, and with little intervention by middlemen. 
 
There were 43 respondents who answered the question on what timber species they would 
like to obtain more of, and whether smallholders could provide these species. The responses 
are presented in Table 8. About half of them said that they would like to obtain more gmelina 
and mahogany, while 42% would like to obtain lauan. Some of the respondents would like to 
obtain traditional premium native species, including narra, yakal and molave. A few 
nominated other native species as listed in Table 8. 
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Table 8. Species for which respondents would like to obtain more timber, and views on 
whether smallholders could provide these species  
 

Frequency of response on whether 
smallholder could provide these speciesa 

Species 
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Gmelina 8 7 3 1 3 22 51 
Mahogany 8 6 4 1 2 21 49 
Lauan 2 7 5 3 1 18 42 
Narra 1 2 2 - - 5 12 
Yakal - 3 1 - - 4 9 
Molave - - 2 - - 2 5 
Antipolo 1 - - - - 1 2 
Bagalunga 1 - - - - 1 2 
Bagras 1 - - - - 1 2 
Bayong/Tindalo - - 1 - - 1 2 
Dao - - 1 - - 1 2 
Malaysian wood - - 1 - - 1 2 
Tangisang bayawak 1 - - - - 1 2 
Any except imported lumber and gmelina  1 - - - 1 2 
Any fast growing species 1 - - - - 1 2 
Total 25 26 21 4 5 81  
a Multiple responses: n = 43 
 
In terms of the respondents’ view on whether smallholders could provide these species, the 
majority said smallholders could provide gmelina and mahogany, while about half mentioned 
some issues that should be addressed to enable them to supply these species to the timber 
industry. The following is a synthesis of issues raised by respondents.  
 

• farmers should be provided with technical support from the government 
• honest implementation of regulations and policies by law enforcement agencies  
• farmers should obtain complete papers, e.g. certificate of tree plantation ownership 

registration for their timber products 
• farmers should properly manage their trees 
• tree planting should be done continuously  
• government should intervene and provide technical and financial support to utilize 

idle tax declared lands for timber production 
• harvesting of planted trees such as gmelina and mahogany is greatly affected by the 

‘log ban’ 
 
A few respondents (less than 10%) said that smallholders could not provide gmelina and 
mahogany, and provided their reasons. First, they commented that there are few gmelina 
and mahogany plantings to be seen on farms and most of these plantations are young. 
Additionally, DENR policy on timber harvesting and transport is very strict which discourages 
tree planters from supplying wood to timber businesses. Lastly, Cebu respondents said that 
there are other places competing for timber supply from smallholders, which implies a timber 
supply shortage in both the short and long run. 
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Another species respondents would like to obtain more of is lauan, which is a popular 
construction timber in the Philippines and has dominated the timber industry for many years. 
A little less than half (18) of the respondents said they would like to obtain lauan for their 
enterprises, while two of them straightforwardly said ‘yes, lauan can be provided by 
smallholders’. Seven of them answered with a ‘conditional yes’, while five answered ‘no’, two 
had ‘no idea’, and one did not provide an answer. 
 
One of the respondents who said smallholders could provide lauan to the timber industry 
commented that lauan is still being cut illegally by smallholders for subsistence, while 
another stated that lauan could easily be grown by smallholders. The comments made by 
respondents who provided a ‘conditional yes’ can be grouped as: smallholders can provide 
lauan ‘if they are knowledgeable and interested in planting this species’; and smallholder can 
provide lauan ‘if they plant this species, but it is doubtful whether they will plant’. 
 
These comments imply that respondents know there is nothing that stops smallholders from 
providing native timber species including lauan if they have planted them. It further shows 
that smallholders may have little knowledge about how to grow this species. Another 
respondent said that smallholders could provided lauan, but that in the short run they cannot 
supply this species because lauan takes many years to reach harvest age, particularly if they 
just started planting or will start planting. Another respondent said that provided complete 
papers can be obtained for lauan by smallholders, they can provide this species for the 
market. The reason expressed by respondents who provided ‘no’ answers is that the 
government has imposed a log ban and therefore the cutting of lauan is prohibited. One 
respondent mentioned that it is very difficult to cut and sell this species to lumber dealers 
unless they can secure permits. Another respondent said that ‘if there is permit (cutting and 
transport), it is usually for one single transaction involving a relatively large volume and thus 
supply is erratic.  
 
As shown in Table 9, there are five, four and two respondents who stated they would like to 
obtain narra, yakal and molave, respectively. One respondent who would like to obtain narra 
said that there is demand for this species, while two others said that smallholders could 
provide narra if it had been planted and two others said smallholders cannot supply this 
species because of government regulation prohibiting the cutting of this species. 
Respondents who would like to obtain bagras, antipolo, bagalunga and tangisang-bayawak 
said that smallholders can sufficiently supply this species. The government log ban is the 
reason viewed by respondents for why smallholders cannot supply tindalo and dao.  
 
The respondents were asked about sawn timber dimensions and sizes by species for which 
they would like to obtain more timber. The frequency of responses for the minimum 
thickness (inches), minimum width (inches) and minimum length (feet) by species is 
presented in Table 9. There were 25 respondents who provided answers for minimum 
thickness and width for the species for which they wanted to obtain more, and 19 
respondents indicated the minimum timber length for the six timber species. As shown in 
Table 9, the majority of the respondents would like to obtain more timber with a minimum 
thickness and width of 2 inches while about half of them may also accept timber with a 1 in 
thickness. Table 9 shows that the respondents do not wish to obtain timber narrower than 2 
inches in width. In terms of board length, most respondents would like to obtain timber of 8 
feet in length. For narra and yakal, respondents would accept timber not smaller than 2 inch 
x 2 inch dimension.  
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Table 9. Frequency of preferences for additional timber by species and dimension, in terms 
of minimum thickness, width and lengtha 
 
Species Frequency 
  Minimum thickness  

(in) (n=25) 
Minimum width  

(in) (n=25) 
Minimum length 

(ft) (n=19) 
  1 2 4 8 12 1 2 3 4 6 8 12 4 6 8 12 
Gmelina 5 6 1 3 -  7  4 1 3  3 1 6 1 
Lauan 6 5 - - - 1 7 1 2 -   - 1 6 2 
Mahogany 2 5 1 3 1  6 - 2 - 3 1 2 1 4 1 
Malaysian 
wood 

- 1 - - -  - - 1 - -  - - -  

Narra - 1 - - -  1 - - - -  - - -  
Yakal - 2 - - -  1  1    - - 1  
Total 13 20 2 6 1 1 22 1 10 1 6 1 5 3 17 4 

a Multiple responses were provided to timber dimension preferences. 

 
PERCEPTIONS OF FUTURE PROSPECTS FOR LEYTE TIMBER ENTERPRISES 
 
Timber entrepreneurs who participated in the survey were asked about their views on the 
future of timber enterprises. The frequencies of their responses by response category and 
location are presented in Table 10. Several respondents (35%) were optimistic about a 
promising future for the timber industry, although some held conditional views. Their 
optimism is due to the (1) population increase and urban expansion; (2) gmelina and 
mahogany are already accepted in the market; and (3) there is a promising future for timber 
export. About 24% provided a ‘conditional yes’ answer and their conditions for a bright 
timber industry future are summarized as follows: 
 

• government should strengthen the information campaign to encourage farmers to 
plant trees 

• tree planting should be done continuously to sustain timber supply 
• there should be an association of lumber retailers to control illegal trade in timber. 

 
Table 10. Frequency of responses to the question, ‘Do timber enterprises have a promising 
future?’ 
 

Location of timber enterprises Frequency by response category 

 
‘Yes’ Conditional

 ‘yes’ 
‘No’ Conditional

 ‘no’ 
Don't  
know 

Total 

Biliran                   1     1 
Cebu                      8 3 3 5  19 
Leyte                     5 6 6 2 2 21 
Samar                      3 2   5 
Southern Leyte            4   1  5 
Total 18 12 11 8 2 51 
 
As shown in Table 10, about 23% of the respondents said that the timber industry does not 
have a bright future while 16% gave a ‘conditional no’ answer. The reasons enumerated by 
the respondents who said the timber industry has a negative future include: 
 

• declining timber supply 
• strict regulation of harvesting and transport  
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• steel is used as alternative to timber in house construction 
• current low sales or demand. 

 
In terms of timber supply, respondents were asked if they were experiencing difficulties in 
obtaining timber. Of the 51 respondents, 44 provided answers, the majority saying that 
timber resource was becoming more difficult to obtain (Table 11). In fact, all respondents 
from Samar experienced a supply shortage. The majority from Cebu did not have any 
difficulty because of their access to imported timber. The reasons cited for supply shortage 
included: 
 

• harvesting and marketing of planted trees is becoming difficult because of difficulty in 
obtaining necessary permits, e.g. for cutting and transport 

• the log ban is limiting timber harvesting even for planted trees 
• farmers are discouraged from replanting because of their negative experience in 

processing papers, and the low demand and low market price for planted trees 
(particularly gmelina). 

 
Table 11. Frequency of responses to question ‘Is timber becoming more difficult to obtain?’ 
 
Business location Is timber becoming more difficult to obtain? Total 
 No Yes  
Biliran                     1 0 1 
Cebu                      10 8 18 
Leyte Province                7 9 16 
Samar                       0 5 5 
Southern Leyte             1 3 4 
Total 19 25 44 

 
To follow-up the questions on their view about accessing timber supply, respondents were 
asked what their expectation was of the timber supply in the next decade. Of the 49 
responses, 65% expected a decrease in timber supply while only 16% expected a supply 
increase in the next decade. One of the reasons why respondents expected a decreased 
timber supply is the lack of interest by farmers in planting trees because of the difficulty in 
obtaining permits to harvest and market timber. It was mentioned by several respondents 
that smallholders are discouraged from planting trees because of the strict implementation of 
the policy; if farmers conscientiously abide by the policies it means another expense. Timber 
entrepreneurs are also aware that because of the difficulty in securing the necessary 
permits, farmers are wary that they would not be able to harvest their trees when they want 
to sell them. It was suggested by several respondents that the government should have a 
strong program for educating farmers on tree farming to ensure the timber supply of planted 
trees. In addition, it was mentioned that unless the log ban is lifted, the timber supply will 
always be limited to planted trees.  
 
The existence of tree plantations, private and community-based, and also the availability of 
imported timber were the reasons cited by respondents who thought timber supply will 
increase. Other comments relevant to timber supply are the following: 
 

• there is no reason for shortages provided farmers continue to plant more trees         
• if tree farmers continue to plant more trees timber supply will increase         
• future timber supply may depend on forest utilization and management; the 

government needs to project the situation of forest resources to make good 
anticipation measures. 
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• if efforts to replant is stopped and unregulated (illegal) cutting continues then supply 
will decrease. 

 
FUTURE PLANS OF LEYTE TIMBER ENTERPRISES 
 
Respondents were asked if they were aware of any new market opportunities for their 
products and if they have a plan to expand their business. Their responses were categorized 
as ‘Yes’ and ‘No’ answers. Their comments as to what opportunities they knew of and what 
business they would like to engage for their expansion were also elicited. The responses for 
these two questions were analysed together to present more meaningful results. 
Respondents who did not answer either of the questions were excluded in the analysis. 
Respondents were grouped according to their awareness of market opportunities and their 
business expansion plan. The first group (Table 12, column 2) represents respondents who 
are aware of new market opportunities and plan to expand their business. The second group 
represents respondents who are aware of new market opportunities but have no plans to 
expand their business (column 3). The frequency for respondents who are not aware of any 
new market opportunities but have plans to expand the business are presented in column 4. 
Column 5 presents the frequency of respondents who are neither aware of any market 
opportunity nor planning to expand their business. 
 
Table 12. Frequency of responses on awareness of new market opportunities and planning 
to expand the business (n=46) 
 
Business 
location 

Frequency 

 Aware of 
market 

opportunities 
and has a plan 
to expand the 

business 

Aware of 
market 

opportunities 
but no plan to 
expand the 
business 

Not aware of 
any market 

opportunities 
but has a plan 
to expand the 

business 

Not aware of 
any market 

opportunities 
and no plan to 

expand the 
business 

Row  
total 

Cebu 6 5 0 8 19 
Leyte 7 0 5 6 18 
Samar 2 1 0 2   5 
Southern 
Leyte 1 0 1 2   4 
Column total 16 6 6 18 46 
 
There were 22 respondents who were aware of new market opportunities, slightly fewer than 
those not aware of any market opportunities. The market opportunities identified include 
export furniture, packaging (crates and pallets) both for local and export, and contract 
milling. Of the 22 respondents who plan to expand their businesses, expansion types 
include: 
 

• re-sawmilling 
• furniture manufacturing 
• wood moulding manufacturing 
• pallet and crate manufacturing 
• install kiln drier 
• develop tree plantation 
• open new retail shop in other municipalities 
• export lumber and other wood products. 

 

  141



Timber Entrepreneurs’ Attitudes and Plans Relevant to Smallholder Forestry 

Of the respondents who were aware of new market opportunities but were not planning to 
expand their business, two said that they would not expand because their business was big 
enough for the local market, and another said he was constrained by the high cost of 
operating a timber business. One respondent said that he was not planning to expand the 
business because of ‘too much corruption by the DENR forest law enforcers, PNP and LGU 
at municipal and barangay level’. Another said it was due to his advancing age. The six 
respondents in column 3 would consider furniture production, installing a kiln drier or 
opening up another retail shop if there were opportunities for expansion.  
 
Respondents who were not aware of any new market opportunities and did not intend to 
expand their business (column 5) identified the following reasons for not expanding. 
 

• sales are very low, and no profit realized 
• no capital is available to finance expansion 
• there is timber shortage  
• it is not possible to compete with the illegal timber retailers or lumber dealers. 

 
Location-wise, most respondents from Cebu had no plans to expand their business. On the 
other hand, the majority of respondents from Leyte Province had plans to expand their 
business. This is an excellent opportunity for Leyte tree farmers which could perhaps assure 
markets for their timber products. Moreover, the expansion of timber enterprises in Leyte 
Province may boost the enthusiasm of farmers to plant more trees to supply these timber 
enterprises. 
 
Suitability of Government Regulation to the Timber Enterprises and Recommended 
Policy Changes 
 
Respondents were asked about their views on the suitability of current government 
regulations for the timber industry. More than half believed that current government policies 
are not suitable for the timber industry while more than one third provided a ‘conditional yes’ 
answer (Table 13). Current government regulations were viewed by most respondents as 
unsuitable for the industry because of perceived unclear, inconsistent and tedious processes 
of obtaining documents required for harvesting and marketing. It was mentioned by a few 
respondents that the government policies encourage forest law enforcers to illegally collect 
payments from tree farmers. Obviously the current government regulations serve as 
significant disincentive for both timber entrepreneurs and smallholder tree farmers. This 
finding is similar to what Acosta5 (2004) reported concerning large-scale forest plantation 
development – that current government regulation is too restrictive which encourages 
corruption and rent-seeking behaviour by forest law enforcers. In addition, a view strongly 
expressed was that obtaining a lumber dealer permit is very difficult. One requirement for the 
issuance of a lumber dealer permit is a supply contract, which is not suitable for smallholders 
because supply from smallholders is usually ad hoc and unpredictable. Hence, to enter into 
a contract with smallholder suppliers would be difficult considering that there are too many 
smallholders and too few trees intended for harvest. 
 
It was pointed out by several respondents that the way the regulations are implemented is 
discouraging farmers, timber dealers and retailers from being involved in the timber industry. 
A number of respondents believed that current government policies affecting the timber 
industry are sound but the implementation is poor. They also mentioned ‘red tape and 
corruption’ at various levels. They believe that that the policy has been made for the good of 
the industry but the people involved in the implementation are not doing their job in an 
honest manner. One respondent commented that, ‘dili man siguro na balaod sa goberno, ila-
                                                 
5 Forester R. Acosta was the then Director of the Forest Management Bureau of the DENR.  
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ila raman siguro na’ (this may not be the government regulation, it may be just theirs – the 
people involved in implementation). 
 
Table 13. Frequency of responses to the question ‘Are current government regulations 
suitable for timber industry’? 
 

Frequency of responses  Total Business location 
Conditional ‘yes’ No  

Biliran -   1   1 
Cebu 6   8 14 
Leyte 8 11 19 
Samar 2   1   3 
Southern Leyte -   5   5 
Total 16 26 42 

 
In view of the problems encountered by the respondents, they were asked to recommend 
changes to current government policies. Forty two respondents provided multiple 
recommendations (Table 14). About 83% recommended the strengthening of policy 
implementation, while others recommended strengthening tree planting efforts (21%), 
minimizing corruption and prosecuting offenders (19%), improving the marketing system 
(21%), and implementing measures to increase the selling price of planted trees (4%). In 
terms of strengthening policy implementation, several respondents suggested simplifying the 
process of obtaining permits and registration of trees by devolving this function to local 
government units. It was believed that these recommended changes for government 
regulations would improve and revitalize the timber industry on Leyte Island based on 
smallholder forestry. 
 
Table 14. Frequency of respondents’ recommended changes to current government 
regulation affecting timber industry (multiple responses, n=42) 
 
Recommended changes to government regulation 
affecting timber industry 

Frequency Relative frequency 

Strengthen tree planting   9 21 
Strengthen policy implementation 35 83 
Minimize corruption and prosecute offenders   8 19 
Improve marketing system   9 21 
Increase price   2   5 

 
CONCLUDING COMMENTS 
 
One finding from the survey is that there is a demand by timber enterprises for farm-grown 
gmelina and mahogany. These tree species are widely planted by smallholder farmers in 
many parts of the Philippines. It was found that more than half of the timber enterprises 
obtained timber from timber dealers, while about 33% obtained timber directly from farmers. 
In addition, it was found that smallholder timber is suitable for use in timber businesses, and 
most respondents would like to obtain more gmelina and mahogany which is a clear 
indication that smallholder forestry can substitute for industrial forestry in supplying wood 
resources to the timber industry. However, there was persistent clamour from respondents 
that current government policies are not favouring timber enterprises based on smallholder 
forestry. The unclear, inconsistent and tedious process of obtaining the necessary harvest 
and transport approvals encourages forest law enforcement personnel to illegally collect 
payments from tree farmers. Respondents in the survey strongly recommended 
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strengthening the implementation of government regulations by devolving the tree 
registration and permitting functions to be performed by local government units. It was also 
pointed out that ‘red tape’ should somehow be minimized for a better timber industry. The 
flaws in implementing government policies have to be addressed to benefit the timber 
industry. Despite problems in sourcing timber, most timber enterprises are optimistic for a 
bright future for the timber industry because of the rapidly growing population and urban 
expansion.  
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17. TREE REGISTRATION IN THE PHILIPPINES: 
A GOVERNANCE PERSPECTIVE 

 
Steve Harrison and Eduardo Mangaoang 
 
 
This paper introduces the concept of ‘governance’ in relation to smallholder forestry, and 
examines governance issues concerning tree registration and harvest and transport 
approval in the Philippines. The difficulties faced in relation to tree registration by the various 
stakeholder groups – particularly the DENR and smallholders – are examined, and potential 
regulatory reforms reviewed. It is concluded that there is scope for improvements in tree 
registration and related regulations, but there are strong impediments to change. 
 
 
INTRODUCTION 
 
Economists have for many years held an interest in market failure. Various sources of 
market failure, where markets do not provide socially efficient investment in particular areas, 
have been identified. Notable amongst these are where environmental services are 
provided, such as arise from forestry, where much of the benefit flow is an externality, i.e. it 
does not accrue to the tree grower. Market failure has been viewed as justification for 
government expenditure to promote particular goods and services which would otherwise be 
undersupplied, following the ‘market failure government fix model’. 
 
In recent years there has also been recognition of government failure or regulatory failure, 
where government policies are the cause of market distortions and socially inefficient 
outcomes. For example, in Australia there are strict controls over harvesting timber trees 
close to watercourses, yet intensive crops including sugar can be cropped virtually to the 
high bank of a watercourse. A socially efficient outcome would probably be to have perennial 
vegetation rather than annual crops to provide bank stabilization along the watercourse. 
 
Harrison et al. (2005) observed that evidence of market failure appears to exist in relation to 
the supply of timber and non-timber forest benefits in Leyte, and discussed possible sources 
of market failure, under the headings of weak property rights (including insecure land 
tenure), uncompensated external benefits, imperfect market structures, and lack of 
information by producers. They also noted possible sources of regulatory failure, from a 
generic perspective, of government subsidies provided to competing industries (e.g. support 
for food crops), unanticipated and unintended adverse impacts of government environmental 
policies, unclear government rules, inconsistency of regulations between government 
agencies, frequent changes in government policies, sovereign risk (risk of adverse change in 
regulations) and agency goals (getting ‘good’ numbers rather than a quality focus). It could 
be speculated that some of these problems apply in particular to tree registration. 
 
In the last few years, there has been a rapid growth in interest in the topic of governance. 
There has recently been much interest by economists in issues of forest governance, 
notably in Europe. For example, several journals now have this name in their titles, and two 
special issues of Small-scale Forestry are now being prepared on forestry governance 
issues. This field of regulatory economics is broader and more positive than the concept of 
regulatory failure, and provides an encompassing theme for research into policy issues. It 
recognizes that failures can occur in governance with respect to industry management and 
policy, but also seeks to find solutions to problems in policy formulation and implementation. 
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The study of governance raises the prospect of developing improved policies for the 
management of forest resources and for forestry promotion at the national, regional and 
local levels.  
 
Economists stress the need for trade-offs between economic efficiency and social equity. 
Since the 1980s, the concept of long-term sustainable management has been recognized, in 
terms of economic, social and environmental criteria, and forestry governance is best viewed 
within this paradigm. This paper examines policy issues in relation to tree regulation and 
transport and harvest approval in the Philippines, from the perspective of the forestry 
governance. 
 
THE PHILIPPINES TREE REGULATION FRAMEWORK 
 
A complex set of arrangements concerning tree regulation and harvest and transport 
approval (referred to here collectively as TR regulations) have been developed in the 
Philippines, as reported for example in Calub (2005 ), Gordon et al. (2007 a,b), PCARRD 
(2008) and Gravoso et al. (these Proceedings). 
 
There is considerable evidence of difficulties arising from the current TR regulations. Survey 
work indicates that only a small proportion of smallholders register their trees (Emtage et al. 
2004, Jesusco et al., this workshop). Germano et al. (2007) identified various reasons for the 
low registration rate. As noted by Cedamon et al. (these proceedings), timber enterprises 
have major concerns with the current regulations, and these constitute an impediment to the 
purchase of farm-grown timber. 
 
As noted by Harrison et al. (2007), ‘[t]he DENR has an invidious task in administering tree 
regulations. The agency is responsible for environmental protection as well as forestry 
promotion, which are in some respects conflicting roles. Tree registration is not classed as a 
key responsibility area, which has implications for the amount of funding and the recognition 
of effort devoted to this task’. Greater involvement by LGUs in tree registration has been 
advocated by Emtage et al. (2004), Herbohn et al. (2008) and Mangaoang et al. (these 
Proceedings). Local government officers appear willing to assume a greater role in tree 
registration, and have expressed concern at current arrangements (Emtage et al. 2004). 
 
RESEARCH METHOD 
 
Forestry governance in the Philippines is a difficult topic on which to carry out research in 
that much of the policy formulation and reform takes place at a national political level, and 
senior agency staff members are not readily accessible. Further, policy reform is not readily 
amenable to data collection and quantitative analysis, but rather tends to involve qualitative 
research methods. 
 
A series of research steps including targeted workshops and focus group discussions have 
been used in the ACIAR Tree Farm Project to obtain information about tree regulations, as 
reported in Harrison et al. (2007). In this paper, an effort has been made to both update the 
information base and extend the policy analysis to the broader governance perspective. 
 
GOVERNANCE DIFFICULTIES IN RELATION TO TREE HARVESTING RIGHTS 
 
When examining the governance issues in relation to tree registration, it is informative to 
examine some of the complexities and difficulties which arise in bringing about policy 
change. 
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1. The Motivation for Tree Registration (and Related Approvals) 
 
An obvious question to ask is ‘Why are the current tree registration and associated 
regulations arrangements needed?’ Perhaps the simple answer is ‘To protect natural 
vegetation from illegal logging’ – an environmental sustainability objective. This then raises 
the subsidiary question of why controls are placed on the logging of exotic species – 
obviously this is not to protect natural vegetation. There are sound reasons for protecting 
vegetation, both natural and exotic, in some locations, e.g. close to watercourses and along 
highways. But in effect these trees are not the property of landholders, and their removal is 
illegal, so this really becomes a policing rather than forestry issue, and perhaps should not 
be the responsibility of the DENR. Doubtless, another motivation for the tree registration 
arrangements is the pressure placed on the Philippines Government to control illegal 
logging, by international donors and by financial agencies including the World Bank and 
Asian Development Bank. 
 
2. Lack of Understanding and Shared View of the Regulations 
 
The regulations for tree registration and harvest and transport approval have been gazetted 
in a number of government memoranda, over a number of years, and have a high level of 
complexity. Experience at forest policy workshops including the ‘Primer Validation 
Workshop’ at VSU revealed considerable uncertainty about the interpretation of the 
regulations between, and even within the various agencies. Socio-economic research 
similarly reveals a lack of knowledge of the regulations among smallholders. 
 
3. Division of Responsibilities – Between the DENR, PNP, LGUs and Other Agencies 
 
As noted by Harrison et al. (2007), ‘[ac]tions of other agencies can also be in conflict with the 
DENR, e.g. local governments imposing taxes on tree harvesting and restrictions on timber 
movements out of their area, and the Philippines National Police confiscating timber being 
transported (sometimes with appropriate documentation)’.  
 
4. Inadequate DENR Funding for Tree Registration and for Forestry Extension 
 
Due to the lack of funding for DENR forest rangers to carry out inventories of tree farms, it is 
sometimes necessary for them to transfer their travel and accommodation costs to 
smallholders. The lack of funding probably also extends to the training of forest rangers in 
tree registration regulations. The lack of funding applies also to providing information to 
smallholders about tree registration requirements, and to providing follow-up extension as an 
incentive to tree registration. 
 
5. Money and Time Implications for Smallholders Registering Trees 
 
Jesusco et al. (this workshop) found that approaching 50% of a random sample of 81 
smallholders had registered their trees, with information obtained from a variety of sources 
(including the DENR, radio programs and friends). The cost involved did not appear to be a 
major deterrent. Gravoso et al. (in process) found that the difficulty in travelling to CENRO 
offices, and at times unavailability of tree registration staff, was a financial and time impost 
for them. 
  
6. Conflicting Objectives between Government and Landholders 
 
While the DENR encourages tree registration at the time of planting (and makes this a 
condition of provision of free seedlings), in general smallholders do not want to go to the 
effort and cost of registering trees until they know that a harvestable yield will be produced 
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and they would like to sell some of their timber. This divergence of views probably 
contributes to the low registration rate. 
 
7. Top-down Decision-making by National Agencies, and Lack of Local Decision-
making. 
 
While the practical difficulties in forestry regulations are experienced sharply in the regions, 
policy formulation is highly centralized. Also, information systems – including the registered 
tree farm database – are relatively weak, again due to lack of funding. The regulations gain a 
momentum such that change is difficult. While some excellent implementation and 
innovation take place at the CENRO level, these are constrained by the overall inflexibility of 
the regulation system. 
 
GOVERNANCE IN RELATION TO TREE REGISTRATION AND RELATED 
REGULATIONS IN THE PHILIPPINES 
 
In the Philippines, forestry management comes under the responsibilities of the Department 
of Environment and Natural Resources. However, other agencies including local government 
units (LGUs) and the Philippines National Police (PNP) also have some involvement. 
Furthermore, various government organizations (e.g. the Philippines National Oil 
Corporation, PNOC) and NGOs also have involvement in forestry. 
 
While policy implementation takes place at a regional level, the important decision-making 
covers all regions and takes place at a national level. As pointed out by forestry officers in 
Region 8, for researchers to have an influence on policy, they must communicate their 
findings to the head office of the Forest Management Service. 
 
Some potential areas of policy reform in tree registration, harvest and transport approvals 
are set out in Appendix A, reproduced from Harrison et al. (2005). As noted by Emtage 
(2004) it could be questioned as to whether there is a need for the current tree registration 
and associated regulation. Emtage argued (p. 355–356) that perhaps ‘tree registrations 
could be dispensed with altogether if effective land management plans could be devised, 
critical areas of forest adequately protected, and the areas that are available for community 
forestry programs defined’.  
 
Within the tree registration policy environment, from a governance perspective the balance 
must be struck between command-and-control measures and market-based incentives. Tree 
registration is a CAC approach, whereas provision of free seedlings and availability of 
forestry extension can be classed as MBI. Other market interventions could include support 
to organize smallholder cooperatives for timber processing and marketing and rewards for 
environmental services. A further governance issue concerns the extent of localization of 
responsibilities (and support funding) for implementing the regulations. 
 
DISCUSSION 
 
In the broad picture of insufficient plantation forestry by smallholders in Leyte, causes can be 
identified in terms of weak markets and lack of technology (e.g. low seedling genetic and 
physical quality, weak silvicultural management, sometimes poor site-species matching). 
The current tree regulation system has been in operation for about a decade, and appears 
effective in preventing illegal logging in established farming areas as well as providing some 
sanctions against illegal logging of natural forests. It does however appear to discourage 
tree planting and purchase of timber from smallholders by timber millers and merchants. It 
seems clear that forestry regulations which impose a cost to tree growers in terms of 
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financial payments, time requirements to meet compliance requirements, or business 
uncertainty, can be expected to reduce the level of forestry activity. 
 
Clearly, there is a need to avoid frequent policy changes. Over time there can be expected 
to be an evolution of the forestry regulation and incentive system in the Philippines. The 
challenge for governance is to pick the best interventions to influence the magnitude, 
direction and speed of change. There is scope to make the existing regulations operate 
more efficiently, and encouraging flexibility and innovation at the CENRO level may be an 
effective way to achieve this. However, it may be that more radical change – such as greater 
reliance on land-use planning relative to regulations and greater devolution to local 
government, would lead to the greatest socio-economic and environmental benefits. 
 
CONCLUDING COMMENTS 
 
Most, if not all, countries have a raft of regulations concerning management of natural 
vegetation and timber plantations. It is difficult to carry out research on alternative forest 
governance policies, primarily designed to achieve sustainable management. The Philippine 
regulations for tree registration, harvest and transport approval are highly complex, and 
impose compliance costs which are unpopular with tree farmers and timber merchants. The 
DENR faces a difficult challenge in managing a necessary but unpopular task (some 
components of which might be better carried out by other agencies) without adequate 
resourcing. Change in governance in relation to forestry is difficult in the Philippines, in that 
decision-making is highly centralized. 
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Appendix A 
 
POTENTIAL REFORMS TO CURRENT TREE REGLATIONS 
 
A variety of recommendations and suggestions for improving the system of tree registration 
and associated approvals have been identified in the various surveys, workshops, informal 
discussions and site visits. These are discussed in Harrison et al. (2005), the tables from 
which are reproduced here. Table 1 sets out the general areas of reform suggestions, while 
Tables 2 to 7 list the suggested reforms in more detail. Some comments on various 
measures are provided below. 
 
Table 1. General classification of reform suggestions for tree registration and associated 
policies 
 
Replacement or major reform of the current system 
Measures to increase availability of information on tree regulations to smallholders 
Refinement to reduce cost, time and other impediments to compliance with tree regulations 
Refinement to improve the incentive system for tree registration and associated processes 
Timber marketing support measures 
Encouraging innovation in implementation of tree regulations 

 
Table 2 sets out some of the more major potential reforms identified from the various 
workshops and research projects as well as literature review. 
 
Table 2. Potential areas for replacement or major reform of current tree regulations 
 
Greater separation of forestry administration from environmental administration 
Replacing tree regulations with land-use planning 
Limiting TR to indigenous species 
Localisation: devolving greater involvement of LGUs, with accompanying funding 
Wood certification to identify that the timber came from a tree farm, or CBFMA not from the 

natural forest  
Multi-agency and multi-function inventory teams 

 
It is probably easier to introduce refinements to present policy arrangements to make them 
work more smoothly, rather than to replace these arrangements. Some options are listed in 
Table 3. 
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Table 3. Measures to increase availability of information on tree regulations to smallholders  
 
Conducting an IEC about tree farming to smallholders, including development and distribution 

of extension materials 
Providing improved information on TR regulations, within government agencies and between 

government agencies 
Greater training of forest rangers in TR procedures 
Office-in-the-park days  

 
Table 4 sets out some refinements to improve the functioning of the current tree regulations.  
 
Table 4. Refinement to reduce cost, time and other impediments to compliance with tree 
regulations 
 
KRA funding within the DENR for carrying out TR, allowing costs to smallholders to be 

reduced 
Permitting registered foresters to carry out TR 
Assistance of LGU officers in providing forms and assisting in completing forms  
More efficient inventorying – group processing, using the landholder as the chain man, 

sampling rather than 100% inventory 
Using new technology for inventories on tree farms, e.g. replacing compass and chain with 

GPS 
 
Table 5 lists measures which may improve the incentive system for tree registration. 
 
Table 5. Refinement to improve the incentive system for tree registration and associated 
processes 
 
Overcoming disincentives to registering trees 
Negotiating removal of local government taxes on harvested trees 
Negotiating removal of constraints on transport of timber between provinces or districts 
Providing information to the PNP about transport approval arrangements to prevent 

unwarranted log confiscations 
Providing greater incentives for landholders to register trees 
Greater seedling production by the DENR and LGUs (with the TR requirement attached to 

provision of seedling) 
Increased provision of silvicultural extension for registered tree farmers 
Providing timber marketing assistance for registered tree farmers 

 
Some potential measures to support timber marketing are listed in Table 6.  
 
Table 6. Timber marketing support measures  
 
Developing an information system on log supply and demand, e.g. using a whiteboard or 

electronic information system 
Assisting in development of tree farmer cooperatives 
Support for community portable sawmills with associated training 
Support for pooling of smallholder timber to achieve export volume 
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Assisting in development of tree farmer cooperatives and in the purchase and training for 
use of portable sawmills by such cooperatives may be a means by which growers can gain 
higher returns from their timber. Discussion with Cebu large-scale timber processors 
suggests they would purchase farm-grown timber from Leyte if it were available in large 
enough quantities to justify purchase and transport arrangements, and in this regard some 
assistance in pooling log assortments may open new market opportunities. 
 
There is a need for some flexibility to allow for differences in circumstances between 
CENRO districts (Table 7).  
 
Table 7. Encouraging innovation in implementation of tree regulations 
 
Creating maximum flexibility in implementation of regulations 
Funding trials with specific innovations 
System of recognition of CENROs for high performance 

 
 
 



18. TRIALLING LOCALIZATION 
ARRANGEMENTS AND OTHER REFORMS 
OF TREE REGISTRATION IN SOUTHERN 
LEYTE PROVINCE 

 
Eduardo Mangaoang, Steve Harrison and John Herbohn 
 
 
One of the ACIAR Tree Farmer Project’s concerns is to examine the issue of tree 
registration constraints which restrict smallholders in the harvest, transport and market their 
tree farm products. This paper presents the views and perceptions of various stakeholders 
about the DENR’s tree registration policy implementation. It describes the key concerns of 
the stakeholders which make tree registration difficult and burdensome. Localizing tree 
registration has been viewed to be a sound reforming alternative strategy that is felt to make 
the policy implementation easy and encouraging for the smallholders, and more efficient and 
sustainable considering the collective effort of the DENR and the partner LGUs for its 
implementation. This paper also suggests a process of localized tree registration and 
examines the perceived implications of its implementation. 
 
 
INTRODUCTION 
 
One of major concerns of the ACIAR Project on Improving Financial Returns of Smallholder 
Tree Farmers in the Philippines (ASEM/2003/052), better known as the ACIAR Tree Farmer 
Project, was to examine the issue of the Department of Environment and Natural Resources 
(DENR) tree registration policy for private land. Improving smallholders’ financial returns 
from tree farming necessitates improved access to markets. Access to formal markets, 
however, is governed by the DENR’s policies and regulations on tree registration, 
harvesting, transport and marketing. Smallholder farmers are able to obtain a transport 
permit for marketing of their tree farm products only if their trees are registered (Mangaoang 
et al. 2007).  
 
While tree registration had been a major requirement for the marketing of tree farm products, 
Emtage et al. (2004) found that only a small proportion of farmers and plantation owners 
were able to register their trees with the DENR. Farmers made mention of their lack of 
knowledge and understanding of the government policy on tree registration, and the costly 
process involved before a certificate of tree registration could be obtained.  
 
In line with the ACIAR Tree Farmer Project’s objective of assisting DENR to overcome policy 
implementation constraints to tree registration and log transport currently restricting 
smallholders’ access to markets (Herbohn et al. 2004), and as a result of the discussions 
with various stakeholders − DENR staff at the regional and community levels, Local 
Government Units (LGUs) particularly represented by City-LGU of Maasin, Southern Leyte, 
and smallholder tree farmers − the project team came up with the idea of trialling the 
implementation of tree registration policy at the LGU level. This option was identified in view 
of the constraining costs involved on the part of the smallholders for transport and food when 
they make a number of trips to CENR offices, and the payments made for transport and per 
diem of CENRO staff during field inspections, as well as the inefficiency of implementation in 
most of the CENR Offices. 
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This paper presents an overview of localizing tree registration policy implementation at the 
LGU level as an option to make tree registration simple, efficient and affordable, especially 
for the smallholders. Some perceived implications that arise from the alternative approach 
are also presented, particularly on the part of the responsible LGU and the concerned CENR 
Office.  
 
DENR’S TREE REGISTRATION POLICY 
 
The DENR Memorandum Circular 99–20 series (1999), states that tree registration is a 
government requirement encouraging registration of all private tree plantations (Mangaoang 
et al. 2006). The policy establishes a system of cross-checking legally and also illegally 
harvested timber, especially timber that may be coming from natural forests where logging is 
currently prohibited. DENR Memorandum Circular 97–09 series (1997) also states that tree 
registration on private land will make harvesting and transport of timber easier. 
 
The types of plantations that can be registered as specified in DENR Memorandum Circular 
99-20 series (1999), include newly established plantations, fully established plantations, and 
mature plantations. Registration of trees can be made anytime but it is recommended by 
DENR that trees be registered early because early registration is easier and faster, and 
would mean early access to free technical assistance from DENR (Mangaoang et al. 2006).  
 
The processes involved in tree registration include submission of all the required documents 
to the concerned Community Environment and Natural Resources Office (CENRO), field 
inspection by the CENRO personnel, and issuance of the Certificate of Tree Plantation 
Ownership (CTPO). The required documents which shall be submitted together with the tree 
registration application include letter of intent, certified photocopy of land ownership award, 
land title, or tax declaration of untitled alienable and disposable land (A&D) with pending 
application for titling. A certification of tree plantation ownership from the barangay captain or 
municipal mayor is also a part of the required documents. In cases where the applicant is not 
the sole owner of the land, an authorization from his/her co-owner(s) shall be secured and 
form part of the required documents. 
 
The conduct of field inspection and inventory of trees by CENRO staff is part of the process 
that demands payment of transport cost, per diem and sometimes food by the requesting 
tree farmer registration applicant. As per DENR Memorandum Circular 97–09, this activity is 
intended to validate the existence of the tree farm being registered, and assist the farmer 
applicant in filling-in the required tree plantation record and in making the sketch and full 
description of the area where the trees are planted. 
 
STAKEHOLDERS’ VIEWS AND PERCEPTIONS ABOUT TREE REGISTRATION 
 
Results of the studies conducted under the ACIAR Tree Farmer Project by Gravoso et al. 
(2007), Gabrillo et al. (2007), Germano et al. (2007) and Jesusco et al. (2009) revealed 
some major views and perceptions of tree farmers, timber processors, LGU staff, and even 
CENRO personnel about the tree registration policy and its implementation as follows: 
 
Tree Registration is Costly 
 
Considering the long distance of tree farms to the CENR offices concerned, tree registration 
often entails substantial travelling expenses for food and transport on the part of the 
smallholders. Under the normal situation, a farmer applicant has to visit their CENR Office at 
least two or three times before the application is approved and the tree registration certificate 
is handed to the applicant. In the worst cases, a farmer applicant may have to visit the 
CENR office more than three times which would imply an additional cost burden. 
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The more discouraging part of the process is the charging of transport expenses and a 
substantial amount per diem for living costs by the CENRO officer to the requesting farmer 
applicant during the conduct of field inspection and inventory. The reason behind this charge 
is that there is no budget allocation for tree registration policy implementation because this 
has not been considered as a key result area (KRA) of DENR. 
 
Tree Registration Takes Time and Effort 
 
Some tree farmers who took part in the survey studies made mention of the delays in the 
processing of their application for tree registration that they had experienced at the CENR 
office. This could be due to the irregular appearance of the tree registration officer at the 
CENR office, which forced them to go back several times to follow up their application. 
 
The Process is Laborious 
 
The 100% tree inventory requirement and tree farm sketch map development are part of the 
constraining elements that discourage smallholders from registering their trees. These 
requirements demand more time and service from the CENRO staff because the farmers 
may not have the capacity to complete or assist in these tasks. This would mean an 
additional burden in terms of cost on the part of the farmer applicant. 
 
The Problem of Accessibility to CENRO 
 
The inaccessibility of the CENR office has led to a substantial number of smallholders 
finding the tree registration process costly. This is particularly true for tree farm owners who 
are situated a long distance from the concerned CENR office. The strictly CENRO-based 
coverage and non-flexible tree registration system of DENR (where farmers cannot seek 
registration at the nearest CENRO if they do not fall in that CENRO’s territory) and the lack 
of tree registration sub-stations to cater for prospective applicants located in distant places 
has made tree registration difficult and costly. 
 
CONSIDERATIONS FOR IMPROVING TREE REGISTRATION POLICY 
IMPLEMENTATION 
 
Findings from the various surveys made on tree registration reveal several key points to 
consider for improving the implementation of the policy. These key considerations are as 
follows: 
 
Tree Farmers’ Knowledge and Awareness  
 
It can be expected that improving the knowledge and awareness of tree farmers about the 
tree registration policy, including the requirements and processes involved, will make tree 
registration a less cumbersome and more attractive endeavour. This would encourage the 
interest of smallholders to register their trees with the DENR. The ‘Primer on Tree 
Registration, Harvesting, Transport and Marketing in Private Lands’ extension booklet 
developed by the ACIAR Tree Farmer Project is one approach that has proven effective in 
improving the smallholder tree farmers’ awareness and understanding of the policy.  
 
Distance and Accessibility to Tree Registration Stations 
 
One of the most discouraging factors affecting the smallholders’ desire to register their trees 
is the long distance of CENROs from their places of living and farming, which entails 
significant travel cost, time and effort on their part. The number of times they have to travel 
to follow up their applications for approval and the release of their tree registration 
certificates aggravates the situation. An alternative tree registration scheme is necessary, a 
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scheme that will eliminate the problem of distance and accessibility to tree registration 
stations that most smallholders are currently experiencing. 
 
Paperwork Requirements 
 
Simplifying paperwork requirements to a level that smallholders will be capable of 
completing themselves will make tree registration more attractive for them. Land title and 
proof of inspection by CENRO staff may be sufficient justification of land and tree farm 
ownership by the applicant. A certification of ownership from either the barangay captain or 
the municipal mayor as a required application document may not be necessary anymore.  
 
Processes Involved 
 
Simplifying the processes involved in tree registration, particularly the conduct of field 
inspection and inventory would make the process less burdensome and costly on the part of 
the smallholders. A sampling procedure in the conduct of the tree inventories can be a more 
efficient and cheaper option compared to the existing one-hundred percent inventory system 
of DENR.  
 
Smallholders’ Limited Capacity 
 
The requirements and processes involved in the implementation of the tree registration 
policy should take into account the smallholders’ limited capacity to shoulder costs, 
understand and follow complicated documentary requirements and procedures, and their 
ability to devote time and effort to tree registration considering their priority to spend more 
time and effort on earning a living. An improvement to the implementation of the tree 
registration policy is, therefore, necessary as a response to the smallholders’ limited capacity 
and resources for coping with government regulations. Simplifying these requirements and 
procedures would make tree registration more acceptable on the part of the smallholders. 
 
LOCALIZING TREE REGISTRATION POLICY IMPLEMENTATION 
 
In view of the problems and constraints that smallholder tree farmers often experience and 
which have discouraged them from registering their trees, localizing tree registration policy 
implementation is seen as an appropriate alternative scheme to replace the taxing existing 
tree registration system of the DENR. In a discussion meeting in Maasin City in Southern 
Leyte Province attended by the City Councillor for the Environment, City Agriculturist, 
CENRO-Maasin Tree Registration Officer, and staff of the ACIAR Tree Farmer Project, the 
idea of trialling a localized tree registration scheme was agreed upon with the intention of 
making the process more convenient and less burdensome, and therefore more likely to 
encourage smallholder tree farmers to register their trees. Localized tree registration is 
herewith referred to as the transfer of responsibility of coordination and processing of tree 
registration applications to city, municipal and barangay local government units, with the 
authority of approval and retention of issuance of tree registration certificates in the hands of 
the DENR/CENRO authorities.  
 
Localizing tree registration is believed to ease the burden of distance and inaccessibility of 
CENROs for the smallholders as coordination and processing of applications can be made 
within each of their respective local communities. Smallholders, therefore, will be protected 
against incurring the high cost for transport and food in the processing of their applications. 
Furthermore, payment for CENRO staff transport and per diem during field inspection will 
also be avoided because field inspection and validation activity can be done by the 
authorized LGU staff.  
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The localized tree registration version is also considered to be more efficient because 
sufficient personnel are always available at the LGU offices to receive and process 
applications and conduct field inspections. The process is a sound response to CENRO’s 
lack of personnel and budgetary problem which is currently preventing them from effectively 
and efficiently performing the task. This alternative scheme is looked upon as a workable 
strategy because the process takes into account the provision of support for coordination 
and processing of tree registration applications by the LGUs without disregard for the 
DENR/CENRO’s authority to approve and issue tree registration certificates. 
 
THE LOCALIZED TREE REGISTRATION PROCESS 
 
The proposed localized tree registration process that is intended to be piloted by the City 
Government of Maasin, in coordination with the CENRO-Maasin and the ACIAR Smallholder 
Forestry Project, is shown in Figure 1. 
 

 

Deputized/trained DA-LGU/MENRO 
technicians disseminate tree 

registration application forms and 
guidelines in Barangay Tree 

Registration Centres; conduct 
orientation seminars 

Deputized and trained Barangay Tree 
Registration Center In-charge facilitate 

distribution and accomplishment of 
applications and other required 

documents; Barangay Tree Registration 
Centres serve as collection points for 

tree registration applications 

DA-LGU/MENRO technicians collect 
tree registration applications from 

Barangay Tree Registration Centres 
and deliver to Municipal Tree Register 
Centre for evaluation and processing 

DA-LGU/MENRO technicians conduct  
field inspection/tree inventory and 

validation 

DA-LGU/MENRO Tree Registration In-
charge endorses approval/disapproval 

of tree registration applications and 
submits to CENRO Tree Registration 

In-charge of Municipal Tree 
Registration Centre 

CENRO Tree In-charge review and 
validate endorsed qualified and approved 

applications for endorsement to CENR 
Officer and issuance of CTPO 

CENRO Tree Registration In-charge 
delivers CTPO issuances to Municipal 

Tree Registration Centre for 
distribution to respective tree farmer 

recipients in barangays 

Figure 1. The proposed localized tree registration process 
 
The proposed localized scheme aims to tap the services of barangay, municipal or city 
government staff in the information, education and communication campaign to improve the 
awareness and understanding of smallholder tree farmers and other stakeholders in 
communities about tree registration policy. Local governments are also bound to provide 
support in the distribution, accomplishment, collection and processing of application forms at 
the barangay, municipal and city levels. Field inspection and validation of tree farms will be 
conducted by the DA-LGU/MENRO staff, who will make the endorsements for the approval 
or disapproval of applications to the CENRO Tree Registration In-charge for review, before 
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approval and issuance of the tree registration certificate is made by the CENR Officer 
concerned. 
 
As can be seen in Figure 1, the intention of the proposed scheme is to make tree registration 
easy, less costly, and more efficient in the interest of tree farmers, especially the less 
privileged smallholders. 
 
SOME IMPLICATIONS OF LOCALIZING TREE REGISTRATION 
 
The localized scheme for tree registration appears to be a better alternative to make the 
process less costly and easy for the benefit and interest of tree farmers, especially the 
smallholders. This alternative scheme, however, has a number of important implications, as 
listed below: 

 
1. There is a need to capacitate and deputize if not authorize the DA-LGU/MENRO staff 

to receive, process and evaluate tree registration applications to assist CENROs. 
2. There is a need to capacitate and deputize or authorize a Barangay Tree Registration 

In-charge to distribute and collect applications, and to assist in the conducting of field 
inspections and inventories. 

3. There is a need to establish Tree Registration Centres at the barangay, municipal 
and city LGU levels. 

4. The localized scheme would entail an additional task and workload for the DA-
LGU/MENRO and for the barangay council. 

5. The localized scheme may also entail additional cost for the LGUs. 
6. The CENRO Tree Registration In-charge should have a regular weekly or monthly 

schedule at the City or Municipal Tree Registration Centres to collect, review and 
evaluate applications. 

7. The scheme would involve minimal budget implication for CENROs. 
8. The DENR/CENROs must be willing to entrust some of the tree registration tasks to 

the LGUs. 
9. The LGUs must be willing to accept and support the tree registration task. 
 

CONCLUSION  
 
The existing DENR requirements and processes involved for tree registration seem 
‘unfriendly’ and discouraging, especially for resource-poor smallholder tree farmers, which 
basically is discouraging them from engaging in tree farming. Localizing tree registration is 
believed to be a sound reforming strategy that will make the process ‘easy and friendly’ and 
help promote tree farming among smallholders. Localizing tree registration is challenging but 
is expected to encourage the involvement and support of a wider range of stakeholders, 
especially at the community level, and therefore would become more efficient and 
sustainable. This alternative scheme is hoped to help establish a better working relationship 
between DENR/CENRO and the local communities towards promoting smallholder and 
community forestry, which is consistent with the DENR’s desire to foster genuine ‘co-
management’ of forests and natural resources with local communities. 
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19. USERS’ REACTIONS TO THE PRIMER ON 
TREE REGISTRATION POLICIES: LESSONS 
FOR DESIGNING EXTENSION MATERIALS 
AND IMPROVING INFORMATION FLOW 

 
Rotacio Gravoso, Eduardo Mangaoang, Maria Anabelle Gerona, 
Arturo Pasa and Steve Harrison 
 
 
In the Philippines, only a few farmers and plantation owners register their tree farms with the 
Department of Environment and Natural Resources (DENR), the office in charge of tree 
registration. One of the major reasons is their lack of knowledge of government policy on 
tree registration. To help improve the flow of information and understanding of tree 
registration policies among smallholder tree farmers and other stakeholders, a Primer on 
Tree Registration, Harvesting, Transport and Marketing Policies on Private Land was 
developed. Produced through the participation of stakeholders, including tree farmers, the 
DENR and local government officers, police and timber dealers, the Primer is highly visual 
and has been released in English as well as Waray-Waray and Cebuano dialects. This 
paper reports findings of focus group discussions conducted to gauge user reactions to the 
Primer. The Primer was considered as a valuable source of information about tree 
registration policies. Aside from being comprehensible, FDG participants found it attractive, 
and perceived it to be intended for them and free from content that confused them. However, 
farmers suggested that illustrations need to be improved by making the persons portrayed 
more presentable and reflective of their actual tree farm operations. Participants said that 
aside from the Primer, the flow of information on tree registration policies could be improved 
through the use of multi-media including posters, radio broadcasts, and presentation of 
seminars for farmers. 
 
 
INTRODUCTION 
 
In the Philippines, the need to strengthen the dissemination of tree registration policies has 
been emphasized in many studies which invariably show that while tree registration is a 
major requirement for marketing farm-grown logs and sawn timber, only a few farmers and 
plantation owners have been able to register their trees with the DENR (Emtage et al. 2004). 
One of the major reasons for the low registration rate is their lack of knowledge and 
understanding of government policy and regulations for tree registration. Only a few farmers 
claim to know how to register trees while others think that registering trees is costly. Herbohn 
et al. (2004) presented evidence relating to large differences in the rates of tree registration 
between the Community Environment and Natural Resource Offices (CENROs) throughout 
Leyte Island. It appears that differences are due largely to the complexity of the regulations 
and variations in the way CENRO personnel understand and implement them. 
 
A ‘Primer’ was developed to help improve the flow of information and understanding of tree 
registration and harvesting policies, and transport and marketing regulations on private land 
among concerned stakeholders. Designed to provide basic information on tree registration 
policies (Gordon et al. 2007), the Primer was produced as part of the project on Improving 
Financial Returns of Smallholder Tree Farmers in the Philippines (ACIAR project 
ASEM/2003/052) funded by the Australian Centre for International Agricultural Research. 
The design of the Primer is a product of the collaborative efforts of farmers, researchers, 
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DENR staff and timber buyers. The Primer has been distributed to selected users and is 
published in three versions – English, Waray-Waray and Cebuano. 
 
Experiences in communication projects invariably point to the need to determine the 
intended audience’s reactions to communication material prior to mass production. The 
reason is that audience’s reactions to a communication serve as a measure of the likelihood 
that the communication will be effective (Bertrand 1978; Haaland 1984; US Department of 
Health and Human Resources 1984). For example, because farmers have a pictorial 
vocabulary that is unique to their own culture (Gravoso and Stuart 2000), this pictorial 
vocabulary warrants consideration in developing illustrations for communication materials 
designed for farmer groups. The need to produce materials that fit the culture of the people 
has been suggested by the US Department of Health and Human Services (2002), which 
notes that culture is the predominant force shaping values and behaviour.  
 
This study was conducted to generate information that can help improve the Primer’s 
effectiveness, and focuses on the factors of effectiveness discussed by Bertrand (1978), 
namely comprehensibility, attractiveness, acceptability, self-involvement and 
persuasiveness. 
 
THE PRIMER ON TREE REGISTRATION POLICIES 
 
The process of developing the Primer followed participatory and collaborative methods. 
Stakeholders including tree farmers, timber dealers, staff of CENROs, the police, and 
university researchers participated in the design and development activities, through a series 
of workshops and small group drafting work. A detailed description of development of the 
Primer can be found in Gordon et al. (2007). Prior to printing and release of prototype 
copies, the Primer was subjected to evaluation by DENR staff to check on the accuracy of 
the information it contained. Upon approval by the DENR staff, the prototype copies were 
printed. Figure 1 depicts the cover page. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Cover pages of the English, Cebuano and Waray-Waray versions of the Primer 
 
RESEARCH METHOD 
 
The study elicited perceptions of the effectiveness of the Primer and sought suggestions for 
its improvement, through a series of focus group discussions (FGD). The FGD is recognized 
as an effective method for stimulating discussions of issues among project beneficiaries (e.g. 
Krueger 1988; Debus 1988). 
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In the series of FGDs, the participants consisted of farmers, extension workers, officers of 
the Community Environment and Natural Resources Office (CENRO), and the Local 
Government Units (LGUs). Participants from the LGUs were composed of the staff of the 
municipal agricultural officer (MAO) who were mostly the local extension workers, and 
officers of the Philippine National Police (PNP), Bureau of Internal Revenue (BIR), and 
Municipal Development Planning Office (MDPO). These offices are integrated into the LGUs 
to deliver the services required by their constituents. These groups of participants were 
chosen because they were the main intended audience of the Primer. Individual participants 
from the various groups were selected on the basis of their involvement and interest in 
plantation forestry.  
 
The FGDs were conducted in the municipalities selected by the ACIAR project on Improving 
Financial Returns of Smallholder Tree Farmers in the Philippines. Table 1 summarizes the 
sites and the groups who participated in the FGDs. The FDGs typically involved 10 to 12 
participants, and were coordinated by either the CENR officer or the Municipal Agricultural 
Officer (MAO). FGD participants in the farmer groups were all male, claiming that they are 
the major decision-makers in their farm activities. For the extension, LGU and CENRO 
groups, participants were dominated by females, most of the staff in these offices being 
female.  
 
Table 1. Locale of the FGDs and the participants 
  
Site Farmers Timber dealers LGUsa CENRO 
Libagon Yes Yes Yes No 
Maasin City Yes No Yes Yes 
Bato Yes Yes Yes No 
Baybay No No No Yes 
Albuera No No No Yes 
Isabel Yes Yes Yes No 
Leyte Leyte No No Yes No 
Palo No No No Yes 

a Participants from the LGUs were composed of DA technicians, police and staff of the various 
departments of the local government units at the municipal levels.  

 
The FGDs aimed to gather information on participants’ exposure to the Primer, and their 
perceptions of the comprehensibility, attractiveness, acceptability, self-involvement and 
persuasiveness of the Primer (Table 2). They were also asked to suggest other means to 
disseminate information on tree registration policies.  
 
The FGDs were usually conducted in municipal offices with a VSU faculty member in 
development communication serving as moderator. Prior to the discussion, participants were 
first told about the purpose of the activity and it was stressed that everyone’s opinion is 
equally important. More specifically, they were told that their comments and suggestions 
would be used as guides in revising the Primer. 
 
Two secretaries recorded the proceedings of the discussion, one recording the discussions 
in a notebook and the other writing highlights of the discussion on a large Manila sheet 
placed in front of participants. Before concluding the FGD, the issues discussed and 
recorded by the secretaries were summarized, and highlights were recorded on Manila 
paper. In general, participants actively contributed ideas. The FGDs typically lasted for about 
two hours, and were terminated when the researchers noted that no new information was 
emerging from the discussions. 
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Table 2. Brief description of the factors of effectiveness used in evaluating the Primer 
 
Factors of 
effectiveness 

Description Key question 

Comprehensibility Extent to which the ‘Primer’ was 
perceived as understandable by the 
respondents.  

What for you is the message of 
this Primer? 

Attractiveness Extent to which the ‘Primer’ was 
perceived as ‘catchy’ by the respondents. 

What part of the Primer attracts 
you?  

Acceptability Extent to which the ‘Primer’ was 
perceived as acceptable to the 
respondents.  

Did you notice some parts of the 
Primer that may offend people like 
you? Are there parts in the Primer 
which annoy you? 

Self-involvement Extent to which the ‘Primer’ is perceived 
as intended for them.  

For whom do you think this Primer 
is intended? 

Persuasiveness Extent to which the ‘Primer’ was found 
encouraging them to do something. 

Does the Primer encourage you to 
do something? What action does 
the Primer suggest you take?  

 
FINDINGS FROM THE FOCUS GROUP DISCUSSIONS 
 
Farmers’ Feedback 
 
The study solicited feedback from farmers. Table 3 summarises their comments and 
suggestions and presents the revised illustrations. Based on the unanimous suggestions of 
the participants, the illustrations were developed in colour. 
 
Comprehensibility. Data obtained from the farmers indicated that the Primer is 
understandable. This could be gleaned from the answers to the question, ‘What do you think 
is the message this Primer wants to convey?’ According to the farmers, the Primer 
encourages them to register their tree plantations, and informs them about the procedure for 
registration, as well as the legalities in harvesting, transporting and marketing timber. 
Farmers also said that the Primer is easy to read and understand because of the 
illustrations.  
 
Attractiveness. According to the farmers, the Primer is attractive, particularly because of the 
green cover. They said that when placed side by side with other publications, the Primer 
stands out. Farmers pointed out that one element that makes it attractive and worth picking 
up is the picture of a tree on the cover and the word ‘trees’ (kahoy in the farmers’ dialect). 
According to them, after the landslides in Southern Leyte and mudslides in St. Bernard, 
Southern Leyte, people are once again appreciating the value of trees. These two landslides 
caused the loss of life of a significant number of people. Farmer-participants said that the 
inside pages of the Primer are attractive because of the illustrations.  
 
Acceptability. Farmer-participants said that the Primer does not contain anything that offends 
or insults them. In general, they judged that all the information it contained is true, especially 
those who already have registered their tree farms.  
 
When asked to examine the visuals on the cover and inside pages, various comments and 
suggestions were made, as summarized in Table 3. About the previous set of illustrations, 
farmers said that the idea of wearing a hat inside an office is unbecoming, and that they 
remove their hats as a sign of respect when visiting a government office. They suggested 
that the farmer in the illustration should ‘remove his hat’. The farmers also felt that due to the 
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absence of a farmer or any person in illustrations 2 and 3, it appears that the drawing could 
be promoting illegal tree felling and transport operations. Thus, in the revision, the farm 
(illustration 2) should have a farmer. Likewise, the drawing of the truck (illustration 3) should 
include people – preferably the timber owner and his companions. 
 
For illustration 4, the farmers felt that the illustration portrays the farmer as uneducated, 
malnourished, poor, and a person who does not care about personal hygiene because he 
looks dirty. In reality, according to them, when they have a visitor such as a CENRO staff 
member, they wear tidy clothes. 
 
As for illustration 5, farmers said that the trees look like mango trees. Timber trees are tall, 
while the trees in the illustration are short. They also said that in practice the branches of 
timber trees, even if trimmed, spread irregularly. In the illustration, however, the tree 
canopies are almost uniform.  
 
For illustration 6, farmers observed that the tree plantations are unhealthy and seem to lack 
the care of the owner. The farmer is portrayed as malnourished. While some participants 
correctly identified that the farmer is carrying a child, others said that the farmer is carrying a 
pet – a dog or a monkey. Thus, they suggested that if that was a child, the illustration should 
portray the farmer as letting the child see the beauty of trees – as if they are strolling around 
the farmers’ tree plantation. To improve the illustration of a tree plantation, farmers 
suggested including a blooming plantation with many trees, not just a few. 
 
With regard to illustration 7, farmers said that the DENR staff and the farmer look unhygienic 
(a perception that could have been influenced by the dark shading in the illustration). 
However, they commended that the farmer is observing office etiquette in that he has 
removed his hat. They stressed that the farmer should be portrayed as clean because in 
reality, when they visit an office, they try their best to observe proper grooming. 
 
For illustration 8, farmers said that this illustration depicts a dangerous way of cutting trees. 
They pointed out that there are people in the direction that the trees would fall. They also 
commented that the size of the fallen trees seems unbelievable. They reported that based 
on experience, when they stand beside a newly felled tree, the logs should only be knee-
high. They therefore suggested that in the revision, the position of the persons be changed 
and that the appropriate proportion of the log diameter and person’s height be observed.  
 
For illustration 9, farmers felt that it depicts an illegal operation because they could not see 
DENR personnel and police officers. In their opinion, a truck carrying timber without any 
person visible, aside from the driver, must be illegal. Thus, they suggested that in the revised 
version, DENR personnel and PNP officers should be standing near the truck talking with the 
driver and the owner of the timber, with the owner showing the papers required.  
 
As for illustration 10, farmers observed that the furniture shop looks empty. Some even said 
that it resembles a funeral home because the piece of furniture in the back of the shop looks 
like a coffin. Thus, they suggested ‘filling’ the shop with more furniture products and making 
it more attractive, noting that adding people (customers) in the drawing will make the 
illustration less confusing. 
 
With regard to illustration 11, farmers said that the hammock (duyan in the Cebuano dialect) 
is too high, and would be impossible to climb into. Generally, they did not like this illustration 
because having a ‘duyan’ depicts laziness. To take a rest (i.e. a siesta), farmers said that 
they just build a small hut. However, other farmers said that they actually have hammocks 
on their tree farm for their children who accompany them to the field.  
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Table 3. Summary of respondents’ comments and suggestions and the revisions 
recommended in the illustrations 
 
No.  
 

Illustration Illustration and critical 
comments by FGD 

participants 

Revision based on the 
comments  

 
 
1 

 
 

 
 

 
 
Farmers’ comments: 
farmer’s behaviour 
unbecoming because 
he is wearing a hat 
inside an office 
Recommended 
revision: remove 
farmer’s hat 

  

 
 

 
 

 
 
2 
and 
3 

 
 

 

 
 
Suggests an illegal 
logging process 
because the farm does 
not a have farmer 
Recommended 
revision: draw a farmer 
on the farm. 
 

 
 

 

 
 
 
4 

 
 

 
 

 
 
 
Farmer looks 
malnourished 
 
Recommended change: 
make farmer look 
healthy 
 

 

 
 

 
 
5 

 
 

 

 
 
The trees are not timber 
trees but mango trees 
 
Recommended 
revision: make the 
trees look like timber 
trees 
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Table 3 (Cont.) 
 
No.  
 

Illustration  Illustration and critical 
comments by FGD 

participants 

Revision based on the 
comments  

6 

 

 
Farmer looks as if he is 
carrying a monkey; 
farmer and child look 
unhealthy 
Recommended 
change: drawing 
should depict farmer 
and child strolling about 
on their tree farm  
 

 

7 

 

 
Farmer and DENR staff 
look messy, unclean 
and unhappy 
Recommended revision: 
make them look clean 
and happy  
 

 
8 

 

 
Cutting of the tree 
poses danger as the 
felled tree will hit the 
other farmers 
Recommended 
revision: change the 
positions of farmers 

 
9   

This seems to be an 
under-the-table 
negotiation because 
there are no persons in 
the illustration 
Recommended 
revision: DENR staff 
should be with the 
policeman  

10 

 

 
Furniture shop is empty; 
looks like a funeral 
home 
Recommended 
revision: fill the shop 
with more furniture and 
make it look more 
attractive 
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Table 3 (Cont.) 
 
No.  
 

Illustration  Illustration and critical 
comments by FGD 

participants 

Revision based on the 
comments  

11 

 

 
Hammock or duyan too 
high; dangerous to the 
farmer sleeping; 
impossible for the 
farmer to get to it 
Recommended 
revision: lower the 
hammock (duyan) 
 

 

 
Self-involvement. When asked, ‘For whom do you think this Primer is intended?’, farmers 
said that the Primer is for farmers like themselves, police, DENR CENRO staff, timber 
dealers and others interested in tree growing. 
 
Persuasiveness. Farmers stated that the Primer encourages them to register their tree 
plantations to avoid problems during harvest and during timber transport. They also pointed 
out that the Primer encourages them to register their plantation immediately upon 
establishment.  
 
Problems Related to Tree Registration Experienced by Farmers 
 
Aside from reactions to the Primer, the study also sought to determine the problems 
hindering tree registration in the respective localities. The problems reported, by FDG site, 
are summarised in Table 4. Surprisingly, farmers from Libagon and Maasin said that they 
have not encountered problems in registering their tree farms.  
 
Table 4. Problems related to tree registration reported by tree farmers 
 

Local government unit Problem encountered  
Libagon Maasin Bato Isabel Leyte Leyte 

CENRO is too far No No Yes Yes Yes 
Registration cost is high No No Yes Yes Yes 
Registration takes time No No Yes Yes Yes 
 
One problem reported by other CENRO districts is the distance to the CENRO office where 
they have to file tree registration. According to them, tree registration services are 
inaccessible because the CENRO serving their municipality is too far from their farm. A case 
in point is the farmers from Bato who have to file registration papers at Baybay City, about 
30 km away from Bato town. 
 
Another problem, according to farmers, is that the total cost of tree registration is too high. 
Farmers from Bato, Isabel and Leyte, Leyte said that contrary to the policy that tree 
registration is free, in reality is expensive because they have to pay a per diem (Php800, 
USD16) and gasoline allowance for CENRO staff who inspect their tree farm. They also 
have to provide meals and snacks. Another problem reported by farmers is the fare for 
travelling to the CENRO Office. The following statement by a farmer captured this sentiment: 
‘Fare alone from Bato to Baybay is 35 pesos. Aside from fare, you need to spend for food. 
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The problem, however, is that we are unable to get our registration papers in one day. We 
still need to go back to follow-up these papers’. A similar story was narrated by farmers in 
Isabel, who by law have to go to Albuera in Leyte to complete and submit their tree 
registration application form. Travel from Isabel to Albuera involves a one-hour bus ride to 
Ormoc and then a 30-minute jeepney ride to Albuera.  
 
Another complaint concerns the time taken for tree registration to be completed. This 
problem arises, for example, when the person-in-charge of tree registration is on leave or 
away. ‘This situation requires us to go back to Albuera which means another expense’, 
according to a farmer from Isabel.  
 
Feedback by the Timber Dealers 
 
As part of the intended audience of the Primer, reactions of the timber dealers were sought.  
 
Comprehensibility. According to the timber dealers, the Primer is about the importance and 
the process of registering private tree plantations. They pointed out that tree farmers need to 
follow the procedures and guidelines to avoid problems during harvesting, and timber 
transport and marketing. For their part, they said that they usually ask the tree growers to 
show the required papers when purchasing timber.  
 
Attractiveness. The timber dealers rated the Primer as attractive on the grounds that its 
dominant colour is green, it deals with trees, it is illustrated, and it is easily noticed when 
placed together with other publications. Like the farmers, timber dealers felt that tree planting 
has again become a ‘hot’ topic in the light of the environmental catastrophes that have struck 
Leyte Island in recent years. 
 
Acceptability. The timber dealers did not see anything in the Primer that would offend or 
annoy them. However, they suggested that the illustrations need to be made more realistic, 
that is, not cartoon-like.  
 
Self-involvement. When questioned about the intended audience of the Primer, the timber 
dealers identified farmers, timber dealers like themselves, agricultural technicians from the 
municipal office, police officers, and anyone else interested in trees. They reiterated that the 
Primer is an important reference in avoiding hassles during harvest, transport and marketing 
of timber. 
 
Persuasiveness. According to the timber dealers, the Primer suggests to tree growers that 
they should register their tree farms. Considering that dealers have to buy timber from legal 
sources only, they said that they would inform farmers about the value of registering their 
tree plantations. 
 
Reactions from the Local Government Unit Staff and CENROs 
 
LGUs officers including local extension workers of the MAO, police officers, BIR and DPO 
were included in the FGDs conducted at Libagon, Maasin, Bato and Isabel. In general, these 
LGU staff approved of the Primer. However, they concurred with the suggestion to improve 
the illustrations. A case in point is the illustration of the PNP inspecting the papers related to 
the delivery of lumber (illustration 9). They said that such an inspection is done by both the 
police and the DENR, so the illustration should reflect this fact. Further, to improve the 
Primer, participants from the LGUs suggested including local names and pictures of the 
premium tree species. They pointed out that tree species have different names in different 
regions or provinces in the Philippines. A picture will promote understanding of these 
species.  
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In general, the staff of the Community Environment and Natural Resources Offices 
(CENROs) welcomed the Primer. However, each CENRO has their own interpretation of the 
provisions of the policies. As a result, they also use forms unique only to their CENRO. The 
CENRO staff also agreed to include the local name and photos of the premium species 
listed. They explained that tree species in the Philippines are known by different names and 
in dialects. Showing the pictures will promote common understanding of these premium 
species.  
 
Suggestions to Improve Flow of Information on Tree Registration Policies 
 
FGD participants were asked for their suggestions on how to improve the flow of information 
on tree registration policies, and provided the comments as summarized below. 
 
Distribution of the Primer. Timber dealers said that aside from the local government units, 
barangay officials and CENROs, they could help distribute the Primer to farmers. They 
stressed their motivation to encourage farmers to register their tree plantations to ensure 
their timber purchases are from legal sources. Extension workers and CENROs had similar 
suggestions. The extension workers stated that because of their lack of knowledge of 
forestry laws, the Primer will be of great help to them.  
 
Use of posters. Aside from the Primer, participants suggested the use of a poster or poster-
calendar. They said that a poster or poster-calendar highlighting the simple steps and 
requirements of tree registration could be distributed and placed in public view in strategic 
places, such as barangay halls and stores.  
 
Use of radio. The use of radio programs has also been suggested. FGD participants pointed 
out, however, that their communities are not reached by the broadcasts from Visayas State 
University (VSU) radio station DYAC (DY for radio stations in the Visayas and AC for 
agricultural college). Those who participated in the School-on-the-Air, a series of radio 
broadcasts on tree registration policies produced by Radio DYAC in early 2007, 
acknowledged the potential of radio programs to reach intended users because these 
programs focus on agriculture, health, nutrition and other relevant issues. In Libagon, they 
suggested broadcasting information on tree registration on Radio DYSL (SL meaning 
Southern Leyte), also a government-owned station.  
 
Seminar presentations. All groups consistently suggested conducting seminars or even 
briefing sessions on tree registration policies and procedures, especially for barangay 
captains and other barangay leaders. They felt that these leaders could help disseminate the 
information to their constituents. In their respective barangays, these village leaders could 
explain the value of – and procedures involved in – tree registration.  
 
Extension workers commented that if the suggestion to involve them in tree registration 
activities is implemented, they need to thoroughly understand the relevant policies, 
requirements and procedures. The extension workers stated that because tree registration 
falls under the mandate of DENR, they lack of knowledge of its procedures, and stressed 
that their current extension activities related to tree growing are focussed on fruit trees. To 
maximize impacts of the training, extension workers said that appropriate forestry support 
materials such as instructional videos should also be provided to them. 
  
IMPLICATIONS AND RECOMMENDATIONS 
 
Based on the feedback gathered from the FGDs, the Primer has been perceived as 
effective, and rated as understandable, attractive, acceptable, self-involving and persuasive. 
However, respondents gave a number of suggestions to improve the material. Among these 
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are the revisions of the illustrations and addition of the local names and photos of the 
premium species. 
  
In view of the farmers’ comments on the illustrations, it is clear that acceptability of extension 
material is improved if it is designed based on the culture and day-to-day appearance of the 
farmers. According to Gravoso and Stuart (2000), farmers’ day-to-day appearance and the 
images they see on their farms and communities, constitute their pictorial vocabulary. Thus, 
illustrations should be designed based on these images.  
 
The findings of the National Health Institute of the US Department of Health and Human 
Services (2002) are similarly confirmed in this study. Their portrayal as observing 
appropriate behaviour and being happy and ‘equal’ in status to the DENR field staff 
appeared to be important to the farmers. This is obvious in the repeated suggestions to 
‘remove’ the farmer’s hat in the office and to project farmers as ‘clean’ not only in the office 
but even on their farms, and to redesign illustrations so that the farmers do not appear to be 
engaged in illegal activities. It would appear that the details (such as shading) in the original 
illustrations underestimated the level of sophistication of the target audience. 
 
In terms of their experiences in registering their tree farms, farmers in Bato, Isabel and Leyte 
Leyte raised issues about the distance of the CENROs, expenses involved, time needed to 
process their tree registration, and the low price of timber. In view of these problems, 
farmers suggested some mechanisms to simplify the tree registration process and make the 
services more accessible to them. One of the strategic ways is for the LGU office, through its 
Municipal Agricultural Office (MAO), to accept tree registration applications and deputize 
extension workers to perform tree registration activities.  
 
FGD participants also suggested the use of posters, radio and seminars to improve the flow 
of information on tree registration policies. This recommendation underscores the need to 
use a multi-media approach to information dissemination, as suggested by researchers in 
communication for rural development. Experience from the field shows that communication 
activities that apply the multi-media approach could reach much greater numbers of the 
intended audience.  
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2O. PROSPECTS FOR ASSIGNING DENR 
STAFF IN LGUS TO FACILITATE TREE 
REGISTRATION 

 
Leo Poculan 
 
 
This paper sets out some of the formal arrangements under which responsibility sharing and 
devolution of responsibilities in relation to forestry can take place in the Philippines. The 
arrangements between the Department of Environment and Natural Resources, Department 
of the Interior and Local Government and Local Government Units are defined under various 
instruments, including the Republic Act 7160, Department Administrative Orders, Joint 
Memoranda Circulars and Memoranda of Agreement. Experiences from a case study in the 
Silago Local Government Unit demonstrated that a close working arrangement can be 
established between the various government agencies. 
 
 
INTRODUCTION 
 
In the Philippines, the Department of Environment and Natural Resources (DENR) is the 
primary government agency responsible for the conservation, management, development 
and proper use of the country’s environment and natural resources, specifically forest and 
grazing land, mineral resources, including those in reservation and watershed areas, and 
land of the public domain, as well as the licensing and regulation of all natural resources. 
This responsibility is set out under Executive Order No. 192, series of 1987. 
 
KEY PROVISION FOR DEVOLUTION OF FOREST MANAGEMENT FUNCTIONS 
TO LOCAL GOVERNMENT UNITS  
 
The key provisions for devolution of forest management functions to Local Government Units 
(LGUs) are set out in Republic Act 7160 (Local Government Code of the Philippines). 
Pursuant to national policies and subject to supervision, control and review of the DENR, the 
municipality shall be involved in the implementation of community-based forestry projects, 
which include Integrated Social Forestry programs and similar projects, management and 
control of communal forest with an area not exceeding 50 km2, establishment of tree parks, 
greenbelts, and similar forest development projects. 
 
POLICIES OF THE DENR AND DILG IN RELATION TO DEVOLUTION OF 
FOREST MANAGEMENT FUNCTIONS 
 
In response to the Republic Act 7160, the DENR has issued Department Administrative 
Order (DAO) 92–30. This sets out guidelines for the transfer and implementation of DENR 
Functions devolved to local government units. Also, the DENR together with the Department 
of the Interior and Local Government have issued DENR–DILG Joint Memorandum Circular 
(JMC) No. 98–01, which sets out procedures for the DENR–DILG–LGU Partnership on 
Devolved and other Forest Management Functions. These two agencies have also issued 
JOINT DENR–DILG Memorandum Circular No. 2003–01, strengthening and institutionalizing 
the DENR–DILG–LGU partnership on devolved and other forest management functions. 
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CASE STUDY OF LGU AND DENR PARTNERSHIP IN SILAGO  
 
A partnership between the DENR and the Silago LGU has been set up which provides an 
example of the way in which cooperation may take place between these agencies with 
regard to forestry. This involves a Memorandum of Agreement in relation to the Greening 
Philippines Program, including a production sharing agreement. 
 
Municipal Ordinance No. 17 had been developed by the LGU requiring the planting of forest 
trees every month of October as sponsored by SB Member Hon. Policarpo T. Cruzada, Jr., 
Chairman of the Environmental Committee. Seedling production is taking place under co-
management of the Silago LGU, DENR and Office of the Congressman. GPS training is 
being provided in preparation for the inventory of planted trees during tree registration. 
Hands-on training of GPS has been provided to forest rangers and Environment and Natural 
Resource (ENRO) officers. Forest rangers and the ENRO staff have jointly observed forest 
tree plantations after inventory as part of the application for tree registration.  
 

 

Figure 1. GPS training in preparation for the inventory of planted trees during tree 
registration 
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Figure 2. Hands-on training for forest rangers in the use of GPS 
 
This case study illustrates the potential of retaining responsibility for tree registration and 
harvest and transport approval by the DENR, but assigning DENR staff to the LGU to work 
closely with them in tree registration and associated regulatory procedures. 
 





21. RESEARCH AND DEVELOPMENT FOR 
SMALLHOLDER FORESTRY 

 
Romulo Aggangan and Faustina Baradas 

 
 
The Philippines Council for Agriculture, Forestry and Natural Resources Research and 
Development (PCARRD) is involved in a wide variety of activities in support of agriculture 
and forestry. Smallholder forestry is an area of primary concern because R&D initiatives for 
the Forestry and Environment (F&E) sector because the key beneficiaries and partners in 
R&D generation, technology management and adoption are also those engaged in 
smallholder agroforestry, farm forestry and community forestry. Some particular priorities 
concern sustainable supply of wood materials, woodfuel utilization and energy accounting, 
production of improved forestry seedlings, forestry growth and yield modelling, and 
production of information, education and communication (IEC) materials. 
 
 
INTRODUCTION 
 
PCARRD recognizes the relevance of smallholder forestry initiatives in the Philippines as 
one of the more socially-inclined strategies that provide for multiple products and community 
benefits for farm families engaged in farm forestry, agroforestry and community forestry 
while at the same time ensuring sustainable management of the environment. As such, we 
were thankful to the organizers of the ACIAR Smallholder Forestry Research Project 
Workshop for inviting us to share some of our priority R&D activities that are akin to or 
associated with smallholder forestry. 
 
Being one of the sectoral councils under the Department of Science and Technology (DOST) 
that provides the central direction for crafting responsive science and technology (S&T) 
activities in agriculture, forestry and natural resources (AFNR), this paper discusses the 
presentation of PCARRD’s Integrated medium-term S&T Agenda (STA). This integrated STA 
serves as the guidepost for collective undertaking and investments with and among our 
major S&T stakeholders in the AFNR sectors to enable them to flourish and achieve greater 
impact as envisioned under Philippine Agriculture 2020. An overview is provided of 
PCARRD’s Forestry and Environment cluster’s R&D priority commodities or products 
primarily anchored on the STA was likewise highlighted. 
 
PCARRD’S INTEGRATED S&T AGENDA (STA)   
 
The integrated STA sets out PCARRD’s commitment to initiate high impact Science and 
Technology (S&T) activities for the medium term (2006–2010) in the AFNR sectors. The 
STA is unique in itself for various reasons. Firstly, it is collectively derived and partnership 
driven since the identified agenda for cooperation and partnership are common and 
harmonized among various AFNR stakeholders (DA, DENR, DOST and CHED). This 
likewise ensures that prioritization and choice of commodities are based on common 
concerns hence investments on major S&T activities is also a collective undertaking among 
participating institution and users. This further guarantees that the national, regional, sectoral 
and institutional S&T agendas of the National Agriculture Research System (NARS) are well 
integrated. Secondly, it is industry cluster-oriented and product driven because it takes into 
account the transformation of a basic product or commodity into its various value-adding 
forms within the supply chain. Thirdly, it is relevant in that it takes off from work done in the 
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past and stems from current desired program objectives. Fourth, it is need-based and area 
focused because it allows for program and institutional linkages and integration. Fifth, it is 
workable and realistic since it considers the current priorities of most stakeholders. 
 
Essentially, with a focus on fewer but strategic areas of S&T investments the integrated STA 
hopes to: 
 

1. maximize use of limited resources available; 
2. ensure impact of R&D on local the economy and increase the relative contribution of 

S&T towards economic development; 
3. ensure greater S&T program complementation; and  
4. be consistently relevant to the major public programs. 

 
How Was the S&T Agenda Crafted? 
 
To heighten R&D relevance and facilitate identification of solutions to specific problem areas 
and the development of useful products, a thematic approach serves as basis in the 
development of priority R&D programs under the STA. Below are the focus of the five 
thematic areas considered in the crafting of the STA: 
 

• Poverty alleviation and food security – secures sources of productivity growth and 
income diversification. 

• Global competitiveness - ensures that all parts of the agricultural enterprise chain are 
operating as efficiently as possible, so as to keep the overall production costs at a 
minimizing in an environment in which product prices will continue declining. 

• Frontier and cutting-edge science – focuses on the development and familiarization 
with modern S&T-based systems and modalities, innovations, techniques, 
methodologies, tools and equipment to boost local research development and 
extension (RDE) capabilities to world-class standards. 

• Natural resource management and sustainable development – development, 
documentation, evaluation and application of environmentally friendly and effective 
indigenous resource management practices and technologies, disaster or hazard 
mitigation, climate change mitigation and adaptation, biodiversity conservation, 
ecotourism development and management, and vulnerability assessment and 
rehabilitation or protection of ecologically fragile areas. 

• Support to allied agricultural and forestry services – includes (a) development of 
innovative and modern S&T-based methodologies, tools and equipment to enable 
regulatory agencies perform better surveillance, evaluation, detection and 
certification work in a faster, cheaper, more accurate and reliable manner following 
the prescribed product quality standards and other biosafety requirements; and (b) 
provision of science-based information to policy-makers, decision-makers, and 
government negotiators to international agreements. 

 
Following the above thematic areas, PCARRD’s strategic S&T directions focus on four 
banner programs, namely: (a) knowledge and technology generation; (b) policy analysis and 
advocacy; (c) R&D results utilization; and (d) capability building and governance. These 
banner programs in turn are anchored on the DOST’s major final outputs (MFOs), which 
address diffusion of knowledge and technology, generation of new knowledge and 
technology, development of S&T human resources, and provision of S&T services. 
 
Thus, as reflected in Figure 1, the STA was crafted in order to unify and facilitate 
harmonious interaction of the S&T banner programs with the thematic program areas, thus 
paving the way for a more clear-cut S&T direction. The harmonized S&T directions focused 
on specific desired products (e.g. planting materials, banana chips, ecotourism areas, 
biofuels) with an industry cluster orientation. The formulation or crafting was efficiently 
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undertaken through a series of national sectoral or industry consultations at both the regional 
and local levels. Through these consultations, regional priority commodities were identified 
under the 10 industry clusters in the AFNR across the 14 geographical regions (Table 1). A 
particular commodity is considered as major when six or more consortia have expressed 
commitment to support and carry out the commodity’s R&D initiatives. On the other hand, a 
commodity is considered as minor when less than six consortia signified support for the 
R&D. 
 
Further consultations were undertaken to streamline/prioritize the top three regional 
commodities or products from the initially identified commodities in the various consortia 
nationwide. Table 2 shows the prioritized key commodities/areas for funding consideration.   
                  
 

 
Harmonized S&T directions 

     (What do we all have to do to get 
what we want?) 

Industry cluster-oriented/product-
driven  
Need-based and area-focused 
Collectively derived/partnership driven  
Workable/realistic 

S&T banner programs      
(Programs that would bring us to what 

we want to be, based on our 
collective mandates) 

Knowledge and technology generation 
Policy analysis and advocacy 
R&D results utilization  
Capability building and governance  

Funding concentration on 
identified priority activities 

S&T goals and current challenges     
(What do we all want?) 

Poverty alleviation and food security 
Global competitiveness 
Frontier and cutting edge science 
Natural resource management and sustainable 
development 
Support to allied public services 

 
 
Figure 1. Conceptual framework in the crafting of the S&T Agenda 
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Table 1. Commodities under various industry clusters vis-à-vis regional priority concerns 
 

Regions Industry 
cluster 

Commodity 

C
ar

 

R
1 

R
2 

R
3 

R
4 

R
5 

R
6 

R
7 

R
8 

R
9 

R
10

 

R
11

 

R
12

 

C
ar

ag
a 

1 Mango  √ √ √ √  √ √  √  √ √  
2 Banana   √  √     √  √ √ √ 
3 papaya     x          
4 Pineapple     x x         
5 Pill      x         
6 Durian            x x  
7 Jackfruit         x      

Export fruit 
crops 

8 Pummelo            x   
1 Vegetables √ √ √ √ √    √  √    
2 legumes   x x           

Vegetables, 
legumes and 
rootcrops 3 Root crops x x       x x     

1 Coffee x    x          
2 Abaca      x  x x x    x 

Coffee, 
abaca and 
rubber 3 Rubber          x     

1 Coconut     x x  x  x  x   Coconut and 
oil palm 2 Oil palm             x  
Ornamental 
plants 

1 Ornamental 
plants 

x    x   x       

1 Rice x  x x        x   Rice and 
white corn 2 White corn  x       x    x  
Sugarcane 1 Muscovado 

sugar 
      x        

1 Poultry    √ √ √ √ √     √  
2 Swine x   x x      x    

Swine, 
poultry and 
yellow corn 3 Yellow corn   x x x      x    

1 Goat  √ √ √     √  √  √  
2 Cattle      x         

Pasture  
and 
ruminants 3 Carabao    x    x       

1 Woodfuel and 
biofuels √ √ √ √ √ √ √ √ √ √ √ √ √ √ 

2 Environmental 
services √ √  √ √ √ √ √   √ √ √  

3 Furniture and 
handicrafts 

 x   x x x    x    

4 Lumber and 
panel products 

    x         x 

Forestry 

5 Poles and piles              x 
Number of commodity per 
consortium 

8 8 9 11 15 9 6 9 6 7 7 8 9 5 

 √  Major commodity 
 x  Minor commodity 
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Table 2. Regional priority commodities of the PCARRD Consortia. 
 
Commodities Top 3 STA 

HARRDEC (CAR) 1. Vegetables 
2. Coffee (Arabica) 
3. Environmental services 
    (Watershed management) 

Vegetables 
Root crops 
Coffee 
Ornamental plants 
Rice 
Swine 
Woodfuels and biofuels 
Environmental services 

ILARRDEC (Region1) 1. Furniture and handicrafts 
2. Vegetables (organic) 
3. Root crops 

Mango 
Vegetables 
Root crops (yam) 
White corn 
Goat 
Woofuels and biofuels 
Environmental services 
Furniture and handicrafts 

CVARRD (Region 2) 1. Peanut 
2. Banana 
3. Goat 

Mango 
Banana 
Vegetables 
Legumes (peanut) 
Rice 
Yellow corn 
Goat 
Woodfuels and biofuels 

CLARRDEC (Region 3) 1. Vegetables 
2. Goat 
3. Environmental services  
(   Watershed management) 

Mango 
Vegetables 
Legume 
Rice 
Poultry 
Yellow Corn 
Swine 
Goat 
Carabao/buffalo 
Woodfuels and biofuels 
Environmental services 

STARRDEC 1. Lumber and panel products 
    (Malapapaya) 
2. Banana 
3. Coffee (organic/Arabica) 

Mango 
Banana 
Papaya 
Pineapple 
Vegetables 
Coffee 
Coconut 
Ornamental plants 
Swine 
Poultry 
Yellow corn 
Woodfuels and biofuels 
Environmental services 
Furniture and handicrafts 
Lumber and panel products 
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Table 2. (Cont.) 
 
Commodities Top 3 STA 

BCARRD (REGION 5) 1. Pili 
2. Coconut 
3. Abaca 

Pineapple 
Pili 
Abaca 
Coconut 
Poultry 
Cattle 
Woodfuels and biofuels 
Environmental services 
Furniture and handicrafts 

WESVARRDEC (Region 6) 1. Muscovado sugar 
2. Poultry (native chicken) 
3. Mango 

Mango 
Muscovado sugar 
Poultry 
Woodfuels and biofuels 
Environmental services 
Furniture and handicrafts 

CVCIRRD (Region 7) 1. Abaca 
2. Coconut 
3. Carabao 

Mango 
Abaca 
Coconut 
Ornamental plants 
White corn 
Poultry 
Carabao 
Woodfuels and biofuels 

VICARP (Region 8) 1. Jackfruit 
2. Goat 
3. Root crops 

Jackfruit 
Vegetables 
Root crops 
Abaca 
Goat 

WESMARRDEC (Region 9) 1. Rubber 
2. Coconut 
3. Agroforestry - Jatropha 

Mango 
Banana 
Root crops 
Abaca 
Rubber 
Coconut 
Woodfuels and biofuels 

NOMCARRD (Region 10) 1. Bamboo-engineered bamboo 
    products 
2. Goat 
3. Swine/yellow corn 

Vegetables 
Swine/yellow corn 
Goat 
Woodfuels and biofuels 
Environmental services 
Furniture and handicrafts 

SMARRDEC (Region 11) 1. Banana 
2. Environmental services 
3. Pummelo 
 

Mango 
Banana 
Durian 
Pummelo 
Coconut 
Rice 
Woodfuels and biofuels 
Environmental services 

CARRDEC (Region 12) 1. Rubber 
2. Goat 
3. White corn 

Mango 
Banana 
Durian 
Rubber 
Oil Palm 
White corn 
Goat 
Woodfuels & Biofuels 

CCARRD ( Region 13) 1. Abaca and banana – disease- 
    free planting materials 
2. Woodfuels and biofuels 
3. Lumber and panel products 

Environmental services 
Banana/abaca 
Woodfuels and biofuels 
Lumber and panel products 
Poles and piles 

 182



Improving Financial Returns to Smallholder Tree Farmers in the Philippines 
 

FORESTRY AND ENVIRONMENT (F&E) SECTOR: R&D PROGRAM 
 
Under the PCARRD STA the F&E sectors, R&D concerns focus on two major and three 
minor commodities. The major commodities address products and services relating to (a) 
environmental services and (b) woodfuels and biofuels, while the minor commodities cater 
to: (a) furniture and handicrafts, (b) lumber and panel products and (c) poles and piles. 
Similarly, through a series of sectoral consultations various target products for these 
commodities were identified and served as core bases in the prioritization for funding R&D 
initiatives. Table 3 shows the summary of the priority commodities along with their respective 
products. 
 
Table 3. F&E commodity R&D program 
 
Industry cluster Priority commodities Target products 

Environmental services, 
woodfuels and biofuels 
(major commodities) 

Environmental services – improved 
watersheds/ reliable supply of safe and 
clean water/ soil and water management 
technologies/ land and water use 
protocol/ conservation technologies/ 
disaster and hazard mitigation measures/ 
heavy metal sequestration and 
bioremediation measures/ microbial 
processes/ composted waste/ organic and 
bio- fertilizers/ biogas technology/ agro-
ecotourism/ micro-biota diversity 
conservation/ natural hazard vulnerability; 
woodfuels and biofuels – Jatropha-based 
biodiesel/ bio-ethanol from cassava and 
sorghum.   

Forestry 
(2 major and 3 
minor commodities) 

Furniture and handicrafts 
Lumber and panel 
products, poles and piles 
(minor commodities) 
 
 

Furniture and handicrafts – bamboo 
shoots/ engineered bamboo  
 
Lumber and panel products 
 
Poles and piles 

 
It is notable that R&D initiatives for the F&E sector commodities encompass smallholder 
forestry as among its priority concern. This is so because the key beneficiaries or partners in 
R&D generation, technology management and adoption are also those engaged in 
smallholder forestry activities, i.e. agroforestry, farm forestry, community forestry. For 
instance, in the case of woodfuels, there is still much concern for R&D because there is still 
urgent information and technology required to ensure that it can sustainably provide for the 
energy or fuel requirement of the household and industrial sector. In fact, the Development 
Academy of the Philippines (DAP) had projected the demand in 2016 to be about 28.3 
million metric tons in the household sector alone, and about 105.4 million metric tons 
combined supply potentials of both forest and non-forestlands. On the other hand, the 
Revised Forestry Development Master Plan indicates that the national firewood demand for 
the next 25 years is expected to grow to 52.1 million cubic meters in 2015 from about 44.4 
million cubic meters of firewood in 2000. These scenarios further reinforce the need to adopt 
more responsive and appropriate policies and strategies to ensure improved fuelwood 
availability through an improvement in production, conversion, distribution and utilization 
technology. 
 
To achieve these goals, some of the potential strategies and action programs that could be 
addressed include the following:  
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Strategies 
 

1. Overcome problems related to production, harvesting, conversion, distribution and 
utilization. 

2. Improved understanding of the contribution of woodfuels to supply the energy needs. 
3. Participation of communities and private sectors in wood energy development. 
4. Coordinated action among inter-related sectors, i.e. forestry, agriculture, energy, 

health, environment and local government. 
 
Action programs 
 
1. Improvement of information base 

• Production and utilization data 
• Demand and supply drivers 
• Cost and benefits of policy options 
• Energy potential accounting of various agricultural, agroforestry and forestry 

production systems 
 
2. Integration of woodfuel species in agriculture, agroforestry and CBFM areas 

• Technical assistance in the establishment and maintenance of fuelwood plantation 
• Providing start-up low-cost planting materials 
• Providing incentives to private landowners to plant fuelwood species 
• R&D on the identification and evaluation of woodfuel species and on the silviculture 

of woodfuel production 
 
3. Development and adoption of improved conversion and utilization technologies    

• Improved conversion such as briquetting, gasification and pyrolysisT 
• Improved cookstove 
• Co-generation 

 
4. Promote awareness and acceptance of woodfuel as a major energy source 

• Production of relevant IEC materials 
• Product and technology demonstration of woodfuel conversion and utilization 

technology 
• Packaging wood-based fuel for use even in urban areas and for industrial use 
• Investment promotion of woodfuel technologies 

 
5. Harmonizing policies to support the woodfuel industry  
 

• Simplifying the processing and awarding of tenurial instruments to encourage 
communities to plant fuelwood species 

• Instituting a more liberal policy on woodfuel harvesting and marketing 
 
6. Improving the functioning of the wood-based energy market  

• Resource pricing and valuation 
• Quality standards for wood-based fuel and energy products 

 
Similarly, the F&E commodities of lumber, panel products and pole and piles require  equally 
important  R&D attention to ensure sustained supply of raw material wood sources from 
industrial tree plantations (ITPs) established by farming families and communities in the 
uplands. The uncertainty of raw material supply from established plantations is still attributed 
to some technological problems. These include: shortage or inadequate quality of planting 
materials with resulting low productivity, poor silvicultural practices both at the nursery and in 
the plantations; unsustainable harvesting practices; low sawn timber recovery rate from logs; 
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insect pests and diseases damage; cumbersome policies on harvesting and transport of logs 
and finished products and tree farmers do not benefit from value added through processing.  
 
To address these issues and concerns the following R&D strategies should be given due 
attention: 
 
Research components: 
  
1. Production of high quality planting materials 

a. Progeny trials on some ITP species cum seed orchards 
b. Development of hybrids cum macropropagation of the best hybrids and elite mother 

trees 
 
2. Provision of viable harvesting technologies, which are cost-effective, environmentally 
friendly and suitable for SH farmers 
 
3. Efficient utilization of selected ITPs  
    – develop log and lumber grading rules for ITPs 
 
4. Biometric and economic studies 
    – refine or develop growth and yield prediction models for smallholder plantations; value 

chain analysis; supply and demand scenarios for crop product pricing; quantify impacts 
on employment, household income and CO2 sequestration 

 
5. Integrated pest management for ITPs – develop or initiate a pest and disease forecasting 

system 
 
6. Social dimensions of smallholder ITP – dynamics in tree farming (TF) endeavour 

participation, management schemes); ID constraints and opportunities; LGU roles and 
benefits; identify and recommend appropriate institutional mechanisms for improved TF.   

 
Development components 
  
1. Review of existing technologies on nursery and plantation development 
2. Documentation and review of utilization technologies for ITPs  
3. Production of high quality planting materials 
4. Information, education and communication campaign on ITP in the region 
5. Policy studies on forest plantations – to assess policy effectiveness in promoting 

sustained TF activities. 
 
Indeed, the foregoing discussions amply underpin that PCARRD STA focus particularly on 
the thematic areas on poverty alleviation, natural resources management and sustainable 
development, and are very much supportive of the principles espoused by smallholder 
forestry in the Philippine context. 
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22. BRINGING AGROFORESTRY 
TECHNOLOGY TO FARMERS IN THE 
PHILIPPINES: A COMPARISON OF TWO 
EXTENSION ASSISTANCE REGIMES 

 
Jack Baynes, John Herbohn and Iean Russell 

 

 
The response of farmers to personalised forestry and agroforestry extension assistance has 
not been well documented in the Philippines, thus providing the impetus for this research in 
which the effectiveness of extended on-farm assistance was compared with more limited 
assistance. In four municipalities on Leyte Island, farmers responded positively to an 
extended program which helped them overcome problems in germinating and growing 
seedlings and establishing trees on their land. A limited assistance program which sought to 
make use of farmers’ familiarity with growing and raising plants was relatively unsuccessful, 
with lower preparation of tree planting sites and a higher rate of abandonment. Allowing 
farmers freedom to select aspects of technical advice which suited their personal 
circumstances, encouraged a high degree of cooperation between extension staff and 
farmers, but some farmers employed poor tree establishment techniques and some sites 
were inappropriate for growing trees. Destruction of sites by flooding and grazing also 
caused farmers to blame extension staff even though these risks had been discussed with 
them beforehand. This suggested that a more interventionist approach would be appropriate 
for site selection although it may reduce recruitment. The number of farmers recruited 
through local government staff was low, but attendance by neighbours at locally held 
demonstrations was high, suggesting an avenue for further recruitment. Overall, the program 
was successful in shifting the initiative for further planting from extension staff to those 
farmers who received extended extension assistance.  
 
 
INTRODUCTION 
 
The imperative for reforestation in the Philippines is well recognised (Harrison et al. 2000) 
and was the impetus for a recently completed extension program which was undertaken on 
Leyte Island as one of the activities of the Australian Centre for International Agricultural 
Research (ACIAR) Project ASEM/2003/052, Improving Financial Returns to Smallholder 
Tree Farmers in the Philippines. The program was designed to assist smallholders to grow 
timber trees on their land and the focus of this paper is an evaluation of the methodology 
and results of the program.  
 
The background to the extension program is that following uncontrolled logging of native 
forest on the island of Leyte over the last 50 years, large-scale sawmilling has collapsed 
(Severino 2000), with native forest now mainly confined to inaccessible and remote areas. 
Timber is either imported or sourced from coco-lumber sawmills on roadsides which produce 
low-quality timber for domestic use. However, some farmers have planted timber trees, 
either as monocultures or intercropped with cash crops, coconut palms, fruit trees or the 
shade tolerant abaca palm (Abaca musilis). In the rural landscape, their main competitor for 
land use is coconuts. One of the main species used for timber plantations is mahogany 
(Swietenia macrophylla).  
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The scattered occurrence of tree farms suggests that forestry is not feasible for Filipino 
farmers, most preferring short-term crops because they need cash income (Snelder et al. 
2007). This presents difficulties in assisting farmers to make decisions about timber tree 
management because while biophysical aspects of tree growing are well described in the 
literature, the aims and aspirations of Filipino farmers in this regard are less well understood. 
The need for reforestation is well reported in the literature, and many government and non 
government agencies have initiated forest management and tree planting programs. 
However, the problem remains how to support and encourage farmers to bring it about.  
 
Carandang et al. (2006) found that seed supply for semi-commercial nurseries in the central 
and southern Philippines is a perennial problem. Similarly, in Leyte, lack of availability and 
quality of planting stock are restricting the uptake of agroforestry, seedlings used in most 
smallholder plantings being of such a low quality that mortality is high and growth poor 
(Gregorio et al. 2004; Gregorio et al. 2007). This suggested that an extension program which 
increased the seedling supply to farmers may be successful. For the production of seedlings, 
other extension programs have used a variety of approaches, e.g. Russell and Franzel 
(2004) found central publicly funded nurseries in Kenya to be expensive, whereas in Haiti, 
Murray and Bannister (2004) expressed a strong preference for professionally grown 
seedlings. Similarly, for the ‘Good Roots’ program in the Philippines, Wallace (2006) 
regarded a main nursery as essential to support subsidiary nurseries in villages. However, 
balsa plantations in Papua New Guinea have been promoted by the International Tropical 
Timber Association with a do-it-yourself nursery manual for villagers (Howcroft 2002).  
 
The underpinning rationale of this extension program was that improvements to the long-
term adoption of small-scale forestry are most likely to be achieved through the provision of 
technical advice which assists farmers to help themselves, in this case to raise seedlings in 
home nurseries and to grow the trees on their farms. Joint venture arrangements, as 
reported by Murray and Bannister (2004) to recruit farmers in Haiti, were not considered. In 
addition, in accord with the current ethos of rural extension that programs are expected to be 
participatory (Brown 1999), farmers would be free to adapt technical information to their 
personal circumstances.  
 
This paper describes the evaluation of an extension program on Leyte Island in which home 
nursery, tree establishment, thinning and pruning technology was offered to small-scale 
farmers in the municipalities of Libagon, Dulag, Bato and Leyte Leyte, between September 
2005 to December 2007. Because so little was known about whether or how farmers would 
respond to extension assistance, data collection tracked farmers’ actions throughout the 
program to provide a chain of quantitative and qualitative evidence. The next section 
describes the design and delivery of the extension program. Subsequent sections describe 
the results and an evaluation of the success of the program, according to four evaluation 
criteria. 
 
RESEARCH METHOD 
 
Local government units (LGUs) in the Philippines exert a strong influence over the lives of 
villagers and permission to enter and engage with to local communities is obtained from 
barangay captains1 and municipal mayors. Consequently, permission to recruit farmers was 
first obtained from municipal mayors in liaison with DENR. Written invitations for farmers to 
be included in the extension program were then distributed to barangay captains who 
advised farmers of the offer of extension assistance. For farmers in Libagon and Dulag 
(Figure 1), extension assistance was offered in 2005 and 2006 and for farmers in Leyte 
Leyte and Bato extension assistance was offered in 2006 and 2007. 
 
                                                 
1 A barangay is the smallest unit of local government in the Philippines, and is equivalent to a village. 
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Figure 1. Map of Leyte Island showing principal cities and the municipalities of Libagon, 
Leyte Leyte, Dulag and Bato in which the extension program was undertaken 
 
Because the cost-effectiveness of a hypothetically expanded program would be increased if 
farmers proved capable of growing and establishing seedlings without extensive training, the 
extension program was offered in two regimes to test the necessity for extended assistance. 
In an extended assistance regime, farmers were offered on-site assistance to collect seed, 
grow seedlings, prepare sites and establish trees. In a limited assistance regime, farmers 
were only offered assistance to collect seed and grow seedlings. The extension program 
was undertaken as four case studies of farmers’ response to the differing levels of 
assistance. In Libagon and Dulag, farmers were offered extended assistance and in Bato 
and Leyte Leyte, farmers were offered limited assistance.  
 
For both regimes, assistance was offered in sequential steps which were timed to coincide 
with the ripening of mahogany seed in the months of December to February. Farmers were 
recruited in the months of July to October and taken on a field tour which provided farmers 
with an introduction to nurseries, silviculture, marketing and timber harvesting legislation. In 
Leyte, field tours or ‘cross visits’ are an established extension technique in which farmers 
inspect other farmers’ practices and have discussions with technical experts (Balbarino et al. 
2002). In the same manner that Sood and Mitchell (2006) in India found that farmers’ 
perceptions of agroforestry are a key determinant influencing adoption, the underlying theme 
of the field tours was to encourage a positive perception of agroforestry technology.  
 

 189



Bringing Agroforestry Technology to Farmers in the Philippines 

Because farmers could only be expected to be absent from their farms for a day, the 
schedule limited the depth of treatment of topics about which farmers may have been 
interested. Hence, at the end of the tour, farmers were asked whether they wished to be 
involved in the program and arrangements were made to visit them in their homes to discuss 
further technical assistance. In following weeks, interviews were held with each farmer to 
establish that the family owned land on which they wished to grow trees and that there were 
no impediments to their involvement in tree growing activities. Arrangements were then 
made to schedule further extension assistance. 
 
In Libagon, Bato and Leyte Leyte, extension staff obtained permission to collect seed pods 
from a stand of mature mahogany trees and farmers were invited to join an excursion to 
collect seed. From trees of superior growth and form, farmers were shown how to collect 
seed pods, extract the seed and dry and store it so as to maintain seed viability. 
Unfortunately, mature trees could not be found in Dulag and farmers in this municipality were 
supplied with seed collected in Libagon. 
 
By February of 2006 for farmers in Libagon and Dulag and 2007 for farmers in Leyte Leyte 
and Bato, all farmers had been visited and shown how to mix potting soil and set up and 
maintain a home nursery. As a small motivational gesture, farmers were given several 
seedling trays or 100 polybags. At this stage, all farmers had attended two interactive 
demonstrations of setting up a home nursery and one demonstration of setting out, planting 
and maintaining trees in the field. Farmers in Bato and Leyte Leyte were then not re-visited 
until the end of the program but farmers in Libagon and Dulag were offered assistance to 
plant and stake their trees. The visits were scheduled after farmers had cleared the sites of 
competing vegetation and had burnt or cultivated the site to remove excess growth of the 
perennial grass Imperata cylindrica (imperata). All farmers were revisited for a final interview, 
one year after planting in Libagon and Dulag and six months after planting in Leyte Leyte 
and Bato. 
 
Data Collection Carried out in Conjunction with Extension Activities  
 
Data collection was carried out in conjunction with each extension activity and included 
written reports by extension staff and visual observations made by external visitors. ACIAR 
staff also held a mid-program workshop to review extension activities and to make 
recommendations for future programs. Farmers were also asked to evaluate the 
effectiveness of program activities during a final on-site inspection and extension staff 
classified each site according to the risk of damage from fire2, flood3, typhoon4, difficulty of 
access and density of overstorey canopy. Extension staff also recorded the regularity of site 
maintenance, mainly the slashing of weeds. To check that invitations had accessed the total 
cohort of farmers who may be interested in growing trees, one year after the initial 
plantations had been established, signs were erected in Libagon and Dulag which invited 
passers-by to contact the ACIAR office for extension assistance.  
 
 
 
 
                                                 
2 Fire is a major cause of loss of planted forest in the Philippines, deliberate burning of grassland or 

rice straw often leading to fire escape into the forests (Dart et al. 2001).  
3 River banks are susceptible to flooding by typhoons and young seedlings particularly are liable to be 

washed away. 
4 The Central Philippines are affected by severe typhoons with a frequency for any particular area of 

one in every 3–4 years (Dart et al. 2001). Sites which are situated adjacent to rice fields are liable to 
typhoon damage because the water table is high for most of the year and trees do not develop deep 
roots.  
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Criteria Used to Evaluate the Program 
 
The extension program was evaluated according to four criteria. First, the recruitment 
process was evaluated according to the number of farmers who were recruited and the 
potential for further recruitment. Second, farmers’ response to extension techniques and the 
delivery of technical information was used as a guide to the extension and teaching 
methodology which would be appropriate for a scaled-up program. Third, farmers’ 
enthusiasm and commitment to the establishment and maintenance of trees was analysed to 
determine whether they were genuinely interested in growing trees or just interested in the 
program for whatever material benefits it may bring. Finally, the success of the program was 
assessed as being dependent on shifting the initiative for further reforestation from extension 
staff to farmers.   
 
Results and Evaluation of the Effectiveness of the Extension Program 
 
Because the extension program was conducted as case studies of the effect of extended 
and limited assistance, each in two municipalities, four sets of data were collected overall. In 
this paper, data have been amalgamated where appropriate and only differentiated where 
necessary to show differences between the results achieved by the two assistance regimes.  
 
Farmer Recruitment and Demographic Characteristics  
 
Overall, 52 farmers from 36 barangays in the four municipalities attended the field tours and 
40 participated in the program (Table 1). ACIAR staff commented that smallholders 
attending the field days appeared to be both poor and relatively well-off. The principal reason 
for farmers not joining the program after the field tour was that they were tenants or co-
owners and could not come to an agreement about the harvesting of trees with the other 
parties involved. However, ACIAR staff commented that some farmers would have joined the 
field tour to see what material benefits it could bring. The number of farmers involved in 
extension activities declined throughout the program, attrition mainly being caused by failure 
of home nurseries and destruction of planted seedlings by flood, fire and grazing.  
 
Table 1. Participation in extension activities by smallholders in four municipalities in Leyte 
 
Municipality  Farmers who 

attended field 
tour 

Farmers who 
participated in 
the program 

Farmers who 
planted 

seedlings 

Site survival  
at  

12 months 
Libagon  16 13 12 11 
Dulag  11   9   7   3 
Leyte Leyte 14   9   3 n/a 
Bato 11   9   6 n/a 
Total 52 40 28 n/a 

 
The demographic characteristics of the volunteer-farmers in all four municipalities were 
similar and each group included farmers who were community leaders, being past or present 
local organisation office-bearers. The average age of farmers in the municipalities ranged 
between 47 and 55 (Table 2) and overall, 43% of the farmers had part-time employment or 
were semi-retired. In all municipalities, both the number and the area of the farms indicated 
that a relatively wealthy cohort of farmers had been selected, compared to poorer 
smallholders who are often not landowners but tenants. Although up to 33% of farmers had 
received some form of agricultural training or had been involved in previous aid projects, 
most of the training had been of very short duration.  
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Table 2. Demographic characteristics of smallholder participants in the extension program  
 
Demographic 
characteristics  

Municipality of 
Libagon 

Municipality 
of Dulag 

Municipality of 
Leyte Leyte 

Municipality 
of Bato 

Average age (years) 53 55 47 55 
Average area of farms (ha) 6.1 3.1 17.3 4.0 
Average number of farm 
holdings 

   3    3      1    2 

Main farm crop  Coconuts Coconuts Coconuts Coconuts 
Received prior agricultural 
training (%) 

14 10  10   33 

Present or past LGU office-
bearers (%) 

38 56  33   67 

 
Findings from Initial Interviews with Farmers 
 
Analysis of interviews conducted with 45 farmers in all four municipalities after the field tour 
revealed few inhibitions towards tree planting. Because farmers in the Philippines have a 
traditional reluctance to supply information which they feel may be used by taxation 
authorities, the questions were phrased as four general themes:  
 

1. What are the main reasons for farmers wanting to grow trees? 
2. What are the main constraints to growing trees? 
3. Which problems can farmers overcome by themselves? 
4. Which problems are beyond farmers' capacity to overcome?  
 

Overall, 95% of farmers wished to sell their trees when they had grown to a marketable size, 
to use them for house timber, or as a bequest. Lack of seed or seedlings was cited a major 
constraint to the establishment of plantations by 70% of farmers. Farmers’ unawareness of 
the requirements of DENR harvesting legislation appeared to have been successful 
addressed during the field day, because only 24% of the interviewees considered that 
compliance with the legislation may cause them problems in the future. Damage to trees 
from fire or grazing was almost universally seen as a threat until the trees were established. 
Although only 63% of farmers had secure and sole title to their land, the remainder indicated 
that they could negotiate with other family members or co-owners to plant and harvest trees.  
 
Scheduling of Extension Activities  
 
Recruitment of farmers in Libagon, Leyte Leyte and Bato proceeded with the cooperation of 
LGU staff who undertook to distribute notices advising of impending visits. Farmers showed 
a reluctance to prioritise meetings with extension staff and a variety of excuses was used by 
even those who the most committed. The excuses were various – the weather was too hot, 
the rice harvest was in progress, relatives were sick and children had weddings or 
graduation ceremonies. In order to collect data concerning the growth of seedlings and the 
progress of out-planting, it became necessary for extension workers to visit farmers at their 
houses to schedule subsequent visits.  
 
Participation in extension activities was also lower when activities were not located at sites 
close by to farmers’ homes. The seed collection excursion was designed to show farmers 
where seed could be found in succeeding years and farmers were asked to travel to the 
seed collection site. Extension staff commented that heavy rain on all three excursions may 
have reduced attendance, particularly in Leyte Leyte municipality where attendance was 
only 33%. It was evident that some farmers wished to be given seed rather than collect it 
themselves. In contrast, the nursery demonstrations were arranged to be held at host 
farmers’ homes at a location convenient to two or three farmers and attendance was almost 
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100%. For those farmers who had already planted trees, an offer was made to demonstrate 
thinning or pruning techniques. Not one farmer in all four municipalities accepted the offer.  
 
Extension staff advised the host farmer that neighbours were welcome to attend the nursery 
demonstration and as many as 18 people attended and participated in the demonstration. 
Many of the neighbours asked for mahogany seed and polybags. Unfortunately, time 
constraints did not permit recruitment of neighbours into the program. However, extension 
staff commented that many neighbours were willing and enthusiastic and they represented a 
cohort of farmers who could be recruited if the opportunity arose.  
 
Farmers’ Success in Growing Seedlings in Home Nurseries 
 
In Libagon and Dulag, the months in which farmers raised seedlings (November 2005 to 
March 2006) were unusually wet, with rain falling almost every day. Consequently, home 
nurseries which were unprotected from the rain had little chance to dry out. Fungal infections 
rotted seeds or killed seedlings in almost every nursery and predation by chickens and rats 
was severe for seedlings which were placed on the ground. Also, some seedlings became 
desiccated when farmers neglected to water them. In contrast, the weather was fine when 
farmers were germinating and growing seedlings in Leyte Leyte and Bato (November 2006 
to February 2007) and the main causes of seedling loss were desiccation and predation.  
 
Differences between weather conditions in the two pairs of municipalities provided an 
opportunity to evaluate the effect of extended assistance in which extension staff visited 
farmers three times and advised them to discard the soil in which seedlings had rotted and 
to sow a fresh batch of seed. Farmers responded to advice to elevate seedlings above 
ground level to increase air-flow and to remove them from the reach of chickens and rats. 
Extension staff reported that without multiple visits to each nursery and personal 
encouragement, many farmers would have abandoned efforts to grow seedlings and that the 
extension program may have collapsed. In Libagon and Dulag, the repeat visits helped to lift 
the success rate of nurseries growing more than 50 seedlings to 86% compared with 72% in 
Leyte Leyte and Bato. In these latter two municipalities, the lack of contact with extension 
staff appeared to have resulted in a loss of enthusiasm, farmers even resorting to 
explanations which extension staff believed to be untrue.  
 
Tree Planting and Survival Rates 
 
Although only 27% of farmers in Libagon and Dulag accepted an offer of assistance from 
extension staff to set out, plant and stake trees, the farmers who accepted this assistance 
told extension staff that the procedures were new to them and they valued being shown the 
correct procedure. In all four municipalities, many other farmers planted seedlings in 
positions adjacent to coconut palms where the seedling would be suppressed. The 
percentage of sites which were ploughed, fenced and fertilised was higher (Figure 2) in the 
two municipalities in which extended assistance was provided.  
 
Notwithstanding the high level of acceptance of extension advice, a final on-site survey 
revealed that weed control had been maintained on only 62% of sites in Libagon and Dulag. 
On the remainder of the sites, weeds were competing with the new seedlings and restricting 
their growth. 
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 Site preparation method 
 
Figure 2. Higher levels of site preparation in Libagon and Dulag for an extended assistance 
regime, compared to site preparation in Leyte Leyte and Bato for a limited assistance regime 
 
In all four municipalities, the low average number of trees planted (136 trees for Libagon and 
Dulag and 115 trees for Leyte Leyte and Bato, Table 3) reflects the limited space on 
individual farms for timber trees. One site was burnt in Libagon and in Dulag the trees on 
three sites were washed away by a flood. After these events, the owners refused to have 
any more contact with extension staff. Grazing of seedlings on another site provoked a 
similar reaction from the owner. Consequently, in Dulag the positive publicity emanating from 
the excellent growth of trees on three sites was balanced by the destruction of trees on four 
other sites. 
 
Table 3. Summary tree planting statistics 
 

Site characteristic Municipalities of Libagon 
and Dulag 

Municipalities of Leyte Leyte 
and Bato 

No. of sites planted  19 (86%) 9 (53%) 
Mean number of trees planted  136 115 
Site survival after 6 months 19 (100%) 9 (100%) 
Site survival after 12 months 14 (74%) Not applicable 

 
The tree growth rate was noticeably less on infertile sites which were eroded and dominated 
by imperata. The mean height of 30 (one year old) trees on four eroded, imperata sites, four 
relatively fertile farm sites and four sites adjacent to rice fields was 57, 135 and 187 cm, 
respectively (Figure 3). Tree growth on these sites is consistent with the fertility of the 
hapludand/humitropept, eutropept and eutropept/tropaquept soil associations (Baynes et al. 
2007) on which they were planted.  
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Figure 3. Mean height of mahogany trees at one year of age, growing on 
eutropept/tropaquept, eutropept and hapludand/humitropept soils 
 
The area of all but three sites was approximately 0.1 ha and typically represented a small 
portion of a farm which was presently under-utilised, or a separate parcel of land which was 
situated some distance from the family home and from which annual crops were liable to be 
stolen. In all four municipalities, only three sites were approximately one hectare in size and 
in each case the farm was planted to trees because the owners were retired and unable to 
farm their land intensively. 
 
Suitability of Planting Sites 
 
The characteristics of the sites chosen by farmers for planting were broadly similar (Table 4) 
for both pairs of municipalities. Only 21% of sites overall were situated on infertile or eroded 
steep sites. Most tree planting (82% overall) occurred on flat or rolling terrain and even in the 
most mountainous municipality, Libagon, 58% of sites were planted on land with a slope of 
less than 15°. Only 7% of sites (two sites in Libagon) were situated in a remote location 
where access for harvesting would be difficult. Trees were integrated with other crops in 
75% of sites, the most common situation being planting tree seedlings underneath coconuts 
and bananas. However, 7% of the sites were planted underneath a dense canopy which the 
mahogany seedlings were unlikely to receive enough sunlight to grow to merchantable size.  
 
Overall the percentage of sites which are infertile, eroded, steep, sited in a remote location 
or planted underneath a dense canopy was 39% (Table 5). Trees planted on these sites are 
unlikely to grow to produce commercial sawlogs (typically 200 mm x 200 mm squared 
flitches of various lengths) within the commonly quoted timeframe of 10–15 years for 
commercial trees in Leyte. 
 
Table 4. Characteristics of sites chosen by farmers for reforestation 
 
Municipality 
and number 
of sites 

Infertile or 
eroded and 
steep sites 

(%) 

Trees planted 
on flat or 

rolling terrain 
(%) 

Remote 
sites 
(%) 

Trees 
integrated 
with other 
crops (%) 

Trees 
planted 

under dense 
canopy (%) 

Libagon (12) 42   58 17   67   8 
Dulag (7)   0 100   0 100   0 
Leyte Leyte (3)   0 100   0   67 33 
Bato (6) 17 100   0   67   0 
Total (28) 21 82   7   75   7 
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The location of each farm was plotted onto a map of the slope of the terrain of Leyte Island 
(Figure 4). In Bato and Leyte Leyte, farmers chose planting sites in the valleys leading to the 
sea. In Dulag, farmers planted trees adjacent to rice fields rather than on the steeper land to 
the north and west and in Libagon, farmers planted trees adjacent to the coast as well as the 
mid-slopes leading to the mountains (Figure 4 and Figure 5). 
 

 
 
Figure 4. Locations of 28 planting sites in the municipalities of Leyte Leyte, Dulag, Libagon 
and Bato, Leyte Island 
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Figure 5. Locations of 12 planting sites on the lowlands and mid-slopes of the municipality of 
Libagon  
 
In all four municipalities, 21% of sites were classified as being fire-prone, i.e. steep, and 
covered with imperata which dries off in the dry season to produce a flammable understorey. 
Extension staff considered that the incidence of flood-prone sites was unduly weighted by 
three sites which were planted on the Dagitan river in Dulag, this being a relatively unusual 
planting site in the context of Leyte island. However, 11% of sites were situated on land 
adjacent to rice fields and these sites were considered to be prone to damage in typhoons 
because they are unprotected by surrounding vegetation and the restricted vertical root 
development of trees growing in this situation. Therefore 32% of sites overall may be 
considered as being liable to damage from either fire or typhoons in their early years. 
 
Farmers’ Final Evaluation of the Extension Program  
 
Farmers’ responses to questions in a final interview were coded into general themes which 
provided insights for the conduct of a hypothetically expanded program. Farmers in Libagon 
and Dulag all made comments about the growth of their seedlings, (e. g. slow growing or 
affected by tip borer) which indicated that they had taken a keen interest in them. In Leyte 
Leyte and Bato 33% of farmers criticised the seed as being of poor quality, even though their 
neighbours achieved excellent germination results. In response to a question about what 
advice they would offer for future ACIAR programs, a higher proportion of farmers (62%) 
prioritised the provision of technical advice ahead of material assistance and finance. Ninety 
percent of farmers also indicated a strong preference for advertising a similar program 
through personal contact or in individual villages rather than demonstration farms or signs.  
 
Thirteen farmers in Libagon and Dulag were asked to list neighbours or family with whom 
they had discussed or shown their trees. The farmers were able to list 51 neighbours or 
family, and 15 neighbours were interviewed by extension staff. Almost all (14) of the 
neighbours expressed an interest in being included in a potential expansion of the program. 
Extension staff were only able to identify one farmer in Libagon who has subsequently 
collected mahogany seed and one neighbour in Dulag who had established trees. 
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DISCUSSION 
 
The data gathered in the two pairs of municipalities provided a chain of evidence which was 
often complementary or additive in addressing the effectiveness of the program for the four 
evaluation criteria.  
 
Criterion 1: Recruitment of Farmers to the Extension Program 
 
For the first criterion, recruitment of farmers in all four municipalities was consistently low, 
even though invitations to participate in the program were distributed by LGU staff and no 
restrictions were placed on participant numbers. The mix of both relatively wealthy and 
poorer farmers at the field days indicated that the recruitment process would not appear to 
be biased. However, the demographic characteristics of those farmers who subsequently 
participated in the program indicated that they constituted a cohort of smallholders who are 
relatively well-off, have secure title to relatively large areas of land and who are semi-retired 
or have outside employment. A major constraint to agroforestry adoption in Panama – 
complicated harvesting legislation (Fisher and Vasseur 2002) – did not apply in this program 
because most farmers indicated that they would avoid harvesting legislation by using trees 
for on-farm use. A complementary issue to the low recruitment of farmers is that the sub-
hectare area of most plots suggests that similar to the findings of Bannister and Nair (2003) 
in Haiti, (where typical landholdings are smaller than 3 ha), trees are planted in hundreds, 
not thousands. 
 
The failure of signs as a method of recruitment may be explained by farmers’ very strong 
preference for recruitment to be made at the personal or barangay level. Despite the political 
necessity for entrance to communities to be made with the cooperation of municipal mayors 
and LGU staff, the results suggest that the large numbers of interested neighbours who 
attended the nursery demonstrations and expressed interest in growing trees are a cohort of 
farmers who would welcome extension assistance. Extension staff suggested that political 
affiliations may have prevented some farmers being invited to join the extension program.  
 
Overall, the experience of this program suggests that recruitment may be best achieved by a 
two-stage process, first by establishing trust and rapport with a first cohort of farmers, as 
happened in this program, and then by using them as the traditional ‘farmer-champions’ in 
order to recruit more farmers at the barangay or farm level. This may require a program of 
repeat visits. A potential danger of this approach is that an expanded program would begin 
to mimic one aspect of the now discredited ‘Training and Visit’ extension approach – high 
recurrent costs, which Anderson et al. (2006) ascribed as being the major cause of the 
downfall of that system.  
 
Criterion 2: Farmers’ Response to Extension Techniques and the Delivery of 
Technical Information  
 
For the second criterion, evidence documenting the transfer of home nursery and tree 
establishment technology was unequivocal in the effectiveness of extended assistance 
compared to limited assistance. Farmers’ prioritisation of technical assistance above 
financial assistance indicated that tree growing is not feasible for many Filipino farmers 
unless they are taught how to cope with problems which may occur. This response is 
consistent with the willingness of almost all farmers in Libagon and Dulag to act on technical 
advice and the low rate of abandonment of nurseries by farmers in these municipalities 
compared to farmers in Leyte Leyte and Bato municipalities. By restricting the main 
extension input to technical advice, the program avoided creating the dependency 
relationship between farmers and extension staff which is described by Franzel et al. (2002) 
as potentially introducing bias in farmers’ responses and Chokkalingam et al. (2006) as 
reducing their personal investment. 
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Technology transfer during plantation set-out, planting and staking phase was also only 
successful when farmers received on-site assistance. Murray and Bannister (2004) reported 
that extension programs in Haiti encourage farmers to make decisions concerning final 
seedling deployment, but in this program farmers did not prove adept in setting out 
plantations. When verbal descriptions and extension literature were used as a substitute for 
on-site visits, some farmers planted seedlings adjacent to mature coconuts or underneath 
dense canopies where the seedlings will become suppressed.  
 
Effective technology transfer was also observed to be time-dependent. Ideally, the timeframe 
for extended assistance should be extended until trees have outgrown weeds. Fortunately, 
most sites on which farmers chose to plant trees were on fertile soil and flat or rolling terrain. 
Trees planted on these sites were observed to have grown through the weeds in the first 
year. However, while Harrison et al. (2000) noted that the main opportunity to reforesting 
land in the Philippines is on the sloping upland areas which are not suitable to annual crops, 
few sites in these areas were chosen.  
 
For the 21% of sites overall which were situated on infertile soil dominated by imperata, 
abandonment of weed control before trees are fully established may substantially reduce 
their growth. The traditional silvicultural techniques of fertilising or ploughing are not feasible 
on these sites because of the expense of fertiliser and steepness of the terrain. An 
alternative view of farmers’ reluctance to control weeds on these sites is that the sites 
complied with a key requirement for agroforestry proposed by Cannell et al. (1996), – that 
trees should use resources that crops do not – because the land was unused or 
underutilised. Farmers may have understood and accepted the technology of tree 
establishment, but on infertile sites – using Cramb’s (2000, p. 12) metaphor of farmers 
‘shopping around for technological ingredients which they incorporate into their own recipes’ 
– they selectively applied it. Deliberate use of an agroforestry system in which trees are 
integrated with annual crops, as reported by Nissen et al. (2001) and Bertomeu (2006) on 
the nearby island of Mindanao, was minimal.  
 
Criterion 3: Farmers’ Enthusiasm and Commitment 
 
For the third criterion, evidence of the effect of extended assistance in maintaining farmers’ 
commitment to the establishment and maintenance of their trees was provided in the higher 
percentage of sites in Libagon and Dulag for which intensive site preparation, fertiliser or 
fencing was used, compared to Leyte Leyte and Bato. The higher abandonment of sites in 
Leyte Leyte and Bato suggested a lower level of farmers’ personal commitment in these 
municipalities. However, even in Libagon and Dulag, the high level of sites (38%) which 
were not being maintained, one year after planting suggested that by the end of the 
program, enthusiasm for site maintenance was waning.  
 
Farmers’ attitudes and commitment to the program were also affected by the destruction of 
sites by natural disasters. The high percentage (48%) of all sites being at risk from fire, flood 
or typhoon presents a public relations challenge because a more interventionist approach to 
deciding the suitability of sites may reduce recruitment, but a laissez-faire approach to site 
selection may result in public relations problems in subsequent years. Protection of 
seedlings from grazing may be reduced by using temporary fences. These fences are 
typically constructed of split bamboo or tree branches which are cheap and readily available 
throughout much of tropical Asia. However, protection of seedlings from fire is more difficult 
to achieve and Tacconi et al. (2007) suggested that in the tropics, fires must be seen as a 
land management process rather than just a problem to be suppressed or mitigated. In any 
case, Murdiyarso and Lebel (2007) suggested that reducing the incidence of fire in 
Southeast Asia through regulations may be impeded by a lack of independent and effective 
judicial systems. In this situation, the best approach by extension workers may be to 
encourage neighbour-to-neighbour cooperation.  
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Criterion 4: Shifting the Initiative for Planting of New Areas from Extension Staff to 
Farmers 
 
For the fourth criterion, the timing of the final survey, only one year after initial planting, was 
such that minimal adoption and diffusion had occurred. It is possible that farmers are 
adopting their traditional ‘wait and see’ attitude to agricultural innovations. However, the 
universal support for the program by farmers whose sites were not destroyed is 
encouraging. For farmers in Libagon and Dulag, the program has shifted the initiative for 
growing further trees from extension staff to farmers. For those farmers who accepted the 
full extension package, a ‘top-down’ delivery of technical information supported by 
encouragement and personal farm visits has been successful and these farmers do not need 
further assistance. In contrast, limited extension assistance without encouragement and 
reinforcement of technical principles did not engender commitment and self-efficacy in Leyte 
Leyte and Bato.  
 
The spontaneous interest by neighbours in nursery demonstrations at the homes of host 
farmers is promising for self-recruitment for a continuing program rather than diffusion. 
Consequently, comments from both extension staff and LGU officials that silvicultural 
techniques are not well understood by farmers suggest that a quick exit strategy for a 
program of this nature is not possible. The cost of extension assistance per farmer is likely to 
be correspondingly high. However, for this program, the dedicated and unfailingly diplomatic 
hard work of ACIAR extension staff in Leyte provided insight for the direction of future 
agroforestry extension.  
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The Smallholder Forestry Project funded by the Australian Centre for International 
Agricultural Research (ACIAR) has generated information and technologies that can benefit 
smallholder tree farmers, forestry administrators including those in the Department of 
Environment and Natural Resources (DENR), timber dealers, researchers and students. 
There is a need to package and disseminate these information and technology products for 
them to reach the intended users. This paper describes strategic ways through which 
findings of ACIAR-smallholder forestry research can reach its potential audience. A 
distinction is made between two types of technologies – hardware and software – and 
attention is drawn to the potential communication barriers in disseminating them. Comments 
are made on communication methods that can be applied to disseminate the project outputs.  
 
 
INTRODUCTION 
 
The ACIAR-funded Smallholder Forestry Project in the Philippines has produced information 
and technologies beneficial to smallholder tree farmers, forestry administrators including 
those in the Department of Environment and Natural Resources (DENR), timber dealers, 
researchers and students. However, for these technologies to be used by the intended 
clients, they have to be packaged and disseminated in a way that is comprehensible, 
appealing, acceptable and persuasive. This paper suggests ways through which findings of 
ACIAR-Smallholder Forestry research can reach its potential audience. 
 
In agricultural production, technologies can be classified into two types, namely hardware 
(plant varieties which have higher yields, machines which cut down on labour requirements 
and software, information or knowledge-based technologies (Rogers 1995), such as tree 
registration. The first type is relatively easy to communicate. These technologies are 
generally disseminated through agricultural extension systems.  
 
Knowledge-based technologies, on the other hand, are often more difficult to communicate 
because these products are not as visible as plant varieties and there are cognitive and 
psychological barriers such as selective processes that operate when a person receives 
information (Schramm 1973; Rogers 1995). Selective processes – including selective 
exposure, selective perception, selective attention and selective retention – could affect 
communication with the target adopters. For example, based on their needs, attitudes, and 
other psychological factors, people tend to pay attention to some messages and ignore 
others (Krech and Crutchfield 1971). Thus, despite constant bombardment with information, 
an individual tries to cope through selection of what is perceived. Selection is largely 
automatic, as new perceptions are made to fit strongly held attitudes, beliefs or behaviour 
(Schramm 1973). 
 
A major challenge exists in the disseminating of the research outputs. The technologies and 
information generated through the Smallholder Forestry Project will remain simply research 
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outputs unless communicated and applied by the intended clients. To add value to these 
studies, results have to be taken further – that is, they need to be synthesized, distilled and 
communicated. As Gates (1999) emphasized, ‘Knowledge is power! Power comes not from 
knowledge kept but from knowledge shared’. 
 
TECHNOLOGIES AND INFORMATION FOR SMALLHOLDERS 
 
Tree Registration Policies, Harvesting and Transport of Timber Products from Timber 
Lands  
 
Tree registration is not only simple but also advantageous to farmers. By registering their 
tree farms, farmers will be able to harvest their trees and transport logs or sawn timber with 
little hassle. However, despite the fact that the process is simple and a major requirement for 
marketing farm-grown logs and sawn timber, only a few farmers and plantation owners 
register their trees with the DENR (Emtage et al. 2004). One of the major reasons is their 
lack of knowledge and understanding of government policy and regulations on tree 
registration. Only a few farmers claim to know how to register trees while others think that 
registering trees is costly. Herbohn et al. (2004) found evidence of large differences in the 
rate of tree registration between CENROs throughout Leyte Island.  
 
The Smallholder Forestry Project has produced and distributed the Primer on Tree 
Registration, Harvesting, Transport and Marketing Timber from Private Lands. Published in 
three versions – English, Waray-Waray and Cebuano – the Primer has been found to be an 
effective medium for disseminating the tree registration policies. In fact, many farmers not 
covered by the project have requested copies of the Primer. However, research conducted 
by Gravoso et al. (in press) showed that aside from the Primer, tree registration policies 
should be disseminated through various forms of media, including radio, posters and video. 
Likewise, these authors suggested holding workshops at the barangay level. This need for 
the use of a multi-media approach was emphasized in their reports because many residents 
in the community do not yet understand the tree registration policies.  
 
Farmers continue to complain about the long process and the high cost they incur for 
registering their tree farms. They also believe that the process is complicated. Thus, to 
simplify the process, reduce cost and shorten the time for registration, they suggested that 
filing of applications for tree registration should happen at the municipal agricultural offices. 
They stated that extension workers are more visible in their communities so they could 
follow-up the status of the registration papers without having to go to the CENRO which may 
be located many kilometres away from their communities. The extension workers at the 
municipal agricultural offices expressed willingness to take on the responsibility provided 
they are given the necessary training on the tree registration process. They suggested the 
use of instructional videos in support of this training.  
 
List of Measured Tree Farms in the Leyte Island  
 
The Project team has carried out timber inventories on a sample of tree farms on Leyte 
Island. Data collected or estimated include location of planted areas, tree species and age, 
realizable volume for harvest age and brief biophysical characteristics of the tree farms. This 
information is now available in an Access Database. This database could be made available 
for marketing purposes. Further, information about the sampled tree farms could be 
published on the bulletin boards of the local government units, barangays and CENROs, and 
in other strategic places. In this way, the tree farms could be advertised to potential buyers, 
and the farmers will be encouraged to register their trees. The list may also serve as a basis 
for providing technical support and monitoring activities on the part of the DENR. Timber 
buyers would have access to information about sources of timber ready for harvest.   
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Volume and Yield Tables 
 
A booklet featuring tables for volume and yield of timber may be produced. These volume 
and yield tables could be used by tree farmers for estimating the volume of harvest from 
their tree farms at harvestable age. DENR staff could use the tables as a guide when making 
inventories and estimating growth and volume of potential harvest from a tree farm. 
 
Simple Tree Farm Inventory Techniques  
 
The project team has developed a simple but accurate technique for carrying out inventories 
of tree farms. A manual called ‘Tree Farm Inventory Made Easy’ could be produced and 
made available to the DENR (including CENROs) and LGUs. Staff of DENR and LGUs could 
then adopt these simple yet relatively precise steps for conducting a farm inventory. This 
manual should also be made available to lecturers in forestry to use among their references 
for teaching tree inventory making. An instructional video about these techniques may prove 
useful to illustrate to intended users how this technique should be applied.  
 
List of Registered and Unregistered Tree Farms in Leyte  
 
Based on the survey data, the project team has prepared a list of registered and 
unregistered tree farms in Leyte. This list can serve as a guide for DENR, PENRO and 
CENRO staff in encouraging tree registration among all tree farmers. The list will also assist 
DENR field staff to check the legality of transported tree farm wood products. 
 
List of Prospective Timber Buyers in Leyte and Cebu  
 
Among the problems consistently reported by farmers is the lack of timber buyers. When 
they need cash, farmers are often forced to sell logs to buyers in the locality even if at a very 
low price. The project team has developed a systematic list of timber buyers in Leyte and 
Cebu. This list should be posted on bulletin boards located in strategic places for farmers to 
obtain information on the species of timber, quality and quantity, log size, and the price 
timber buyers are willing to pay for wood products. This information will also serve as a 
guide for tree farmers in matching their wood production activities to market needs.  
 
Method for Conducting Socio-Economic Survey of Smallholders  
 
Under the project, the process of conducting surveys following the protocol of The University 
of Queensland had to be refined because this did not work with smallholders. The project 
team has documented the steps taken to refine the process. Lessons from field experiences 
may be made more widely accessible as part of instructional materials for employees from 
DENR and LGUs who are conducting field surveys. Lecturers and students can also benefit 
from this instructional material, which it will provide them with fresh perspectives on the 
topic.  
 
CONCLUDING REMARKS 
 
Communication can be employed effectively through collaborative and inter-disciplinary 
planning, design, implementation and evaluation of communication activities. This 
collaboration will enable project implementers to discover the real problems and determine 
how potential users of technology should deal with these problems. The existing 
communication infrastructures, including the Techno-Gabay Centres located in strategic 
places throughout the Philippines, may be used as venues for distribution. Timber dealers, 
extension workers, and even universities could also serve as channels for disseminating this 
information. The new information and research experiences can also be integrated into the 
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formal and non-formal programs of academic and training institutions. Now that the project 
funding of the ACIAR Smallholder Forestry Project has ended, DENR, the academics and 
other entities concerned with the development of the country’s forestry sector should take on 
the responsibility for the dissemination of this information and technologies.  
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24. BRINGING AGROFORESTRY 
TECHNOLOGY TO FARMERS IN THE 
PHILIPPINES: IDENTIFYING CONSTRAINTS 
TO THE SUCCESS OF EXTENSION 
ACTIVITIES USING SYSTEMS MODELLING 

 
Jack Baynes, John Herbohn, Iean Russell and Carl Smith 

 
 
We present a systems modelling approach to evaluating the success of an agroforestry 
extension program in Leyte the Philippines. During the program, variables which are intrinsic 
to farmers’ socio-economic and farming systems were found to have influenced the uptake 
and acceptance of extension advice. Evaluation of the program therefore depended on 
identifying the variables and their interdependencies and assessing their relative influence 
on program outputs. For this purpose, a systems approach which encourages breaking 
systems into component variables, but also acknowledges the context of problems, assisted 
construction of models. Using both empirical data collected during program activities and 
input from stakeholders, Bayesian Belief Network (BBN) modelling was undertaken to 
predict critical success factors for the four main extension activities, namely recruitment, the 
effectiveness of written extension materials, development of farmers’ self-efficacy in nursery 
and silvicultural management and attrition of participating farmers. A key predicted constraint 
to program recruitment is farmers’ perception of harvest security and whereas this variable 
can be partly addressed through dissemination of information on harvesting legislation, title 
security cannot. Differing levels of farmers’ education flow through to differences in predicted 
reading ability, comprehension of extension literature and possible misconstrual of 
information. The variable most critical to the development of farmers’ self-efficacy is 
extended problem-solving support.  
 
 
INTRODUCTION 
 
This paper describes the use of systems modelling to evaluate an agroforestry extension 
program which was undertaken over three years as one of the activities of the Australian 
Centre for International Agricultural Research (ACIAR) project ASEM/2003/052, Improving 
Financial Returns to Smallholder Tree Farmers in the Philippines. Systems modelling was 
chosen because other approaches are less suitable for the evaluation of agroforestry 
extension. Statistical analysis is best suited to experimental research which is difficult to 
evaluate if interventions involve human interaction (Rossi et al. 2004). Economic approaches 
require long-term data collection and the usefulness of structured surveys suffers because 
the context of responses is often ignored (Pretty et al. 1996).  
 
An evaluation process which includes the viewpoints of stakeholders may also be more 
appropriate than approaches in which assessments are conducted by external experts using 
predetermined indicators of success (Cramb and Purcell 2001; Owen 2006). Although the 
evaluation of development assistance in the past has often neglected the complex 
processes behind assistance uptake, it is no longer acceptable to disregard them 
(Henderson and Burn 2004; Henriksen and Barlebo 2007). Hence, systems modelling, which 
includes breaking problems down into component variables, considering interactions 
between them, recognising the dangers of narrow model boundaries and the importance of 
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qualitative as well as quantitative data (Sterman 2002), matched the evaluation needs of this 
program. In particular, systems modelling permitted inclusion of the subjective human-
behavioural variables which had been observed throughout the program to affect outputs.  
 
Systems modelling also permits prediction of outputs for alternative input scenarios and for 
extension programs, this is useful to identify critical success factors or impediments. 
Identification of variables which are within the capacity of program managers to control, 
allows input-dependent prediction of upper and lower limits of program success. If qualitative 
variables are included and stakeholders are used to assess their influence, models may be 
populated with data which reflect stakeholders’ ‘real life’ assessment of situations. This 
increases the validity and reliability of models when they are used to predict the success of 
extension programs in similar situations.  
 
The extension program used as a case study in this paper was designed to provide answers 
to three research questions (RQs): 
 

RQA. What extension activities and information are appropriate to recruit smallholder 
farmers in Leyte and to develop their self-efficacy so that they are able to continue 
the establishment of trees without further extension assistance? 

RQB. Will an extension program which offers technical advice and assistance be 
effective in improving the uptake of timber tree establishment and the silvicultural 
management of tree farms? 

RQC. What are the constraints, opportunities and resource requirements involved in 
scaling up an extension program as described in RQB, from the local to a wider 
level? 

 
The program had been conducted as case studies in four municipalities in which farmers 
were assisted to grow seedlings in home nurseries and establish plantations of Swietenia 
macrophylla (mahogany). Evidence collected throughout the program and during a final 
survey indicated that the effectiveness of extension activities was influenced by social, 
cultural, and biophysical issues. The program superimposed extension system variables on 
the farming system and where this occurs, feedback effects are often difficult to discern 
(Sterman 2002). 
 
The first focus of this paper is the application of systems modelling to four aspects of the 
overall extension system: contacting and recruiting farmers, the effectiveness of written 
extension materials, development of farmers’ self-efficacy and attrition of participating 
farmers over the course of an extension program. The second focus is an evaluation of the 
methods adopted for the elicitation of information from stakeholders. A final focus is the 
usefulness of the models to supply answers to the three RQs. 
 
RESEARCH METHODS 
 
The extension program is reported in Baynes et al. (2009 in press) and a précis is presented 
below. Between 2005 and early 2008, assistance was offered to farmers in Leyte to grow 
seedlings in home nurseries and establish trees. The program consisted of recruitment, 
initial training and extension assistance to farmers in the municipalities of Libagon, Dulag, 
Leyte Leyte and Bato, the Philippines (Figure 1). Recruitment was made through local 
government unit (LGU) officials after permission had been granted by the municipal mayor. 
The program was designed to provide assistance in two formats. For volunteer-farmers in 
the municipalities of Dulag and Libagon, assistance was provided via a field tour which 
included an overview of small-scale forestry. The tour was followed by extended assistance 
to grow seedlings and establish trees, mainly mahogany. For farmers in the municipalities of 
Leyte Leyte and Bato, extension assistance was restricted to the field tour, collecting seed 
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and setting up a home nursery. Compared to farmers in Bato and Leyte Leyte, farmers in 
Libagon and Dulag therefore received three extra site visits, where in addition to assistance 
to set up a home nursery, they were advised how to prepare sites, plant and maintain trees. 
The rationale underpinning the delivery of two assistance regimes was that if farmers are 
capable of establishing trees once they are initially competent in growing seedlings, then a 
hypothetically scaled-up extension program would be more cost effective if extended 
assistance is not necessary.  
 
Although extension activities were well received, overall recruitment was low, many farmers 
did not use the written extension materials and the number of farmers who initially 
participated, declined throughout the program (Table 1). Farmers initially displayed a very 
low level of nursery and tree-growing processes. Unexpected problems (e.g. persistent rain 
or predation of seedlings by chickens and rats) caused severe loss of farmers’ confidence 
unless extended assistance was supplied. These problems prompted extension staff to 
identify and document variables which had influenced the success of the program.  
 
 

Recruitment of farmers 
through LGU officials 
in Libagon, Dulag, 
Leyte Leyte and Bato 

 
 
 
 
 
 

Introductory field 
day and invitation 
to join the program 

 
 
 
 
 
 

Training to collect 
seed and initiate 
home nurseries 

 
 
 
 

For farmers in the 
municipalities of Libagon 
and Dulag – technical 
support to grow seedlings 

For farmers in the 
municipalities of Leyte 
Leyte and Bato – no 
further assistance 

 
 
 
 
 
 
 
 
 

Technical support to out-
plant trees 

 
 
 
 
Figure 1. Stages in the conduct of the extension program, showing the delivery of extended 
extension assistance to farmers in the municipalities of Libagon and Dulang but not Leyte 
Leyte and Bato 
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Table 1. Participation in extension activities by smallholders in four municipalities in Leyte 
 

 

Municipality Number of farmers  
initially participating  

in the program 

Number of farmers 
 who established trees 

Site survival after one 
year 

Libagon 13 12 11 
Dulag   9   7   3 
Leyte Leyte   9   3   – 
Bato   9   6   – 
Total 40 28  

Identification of System Variables 
 
To identify variables which had affected program outputs, data were collected as descriptive 
statistics, trip reports, visual observations, translated conversations with farmers, and 
opinions supplied by ACIAR extension staff. For each of the main extension activities, the 
variables were classified as either those which were addressed through program activities or 
those which were not (Table 2). It became apparent that even though the variables were 
imprecise and often best expressed as a probability, they could be arranged as a causal 
network in which parent variables influenced subordinate variables through to program 
outputs. This prompted the arrangement of the variables as a causal network and 
construction of preliminary models.  
 
Table 2. System variables which were or were not addressed in the extension program 
 
Main extension 
program activities 

Variables which had  
been addressed 

Variables which had not 
been addressed 

Recruitment Recruitment approach through LGU 
officials or advertisements 
Farmers’ understanding of harvest 
legislation 
Farmers’ perceptions of certainty of 
harvest 

Land use 
Land availability  
Security of title 
Political favouritism 
Mayoral support 
LGU employee support  

Written extension 
materials 

Language in which materials are 
printed 
Text length 
Type of material (poster or pamphlet) 
Style of graphics  

Farmers’ reading ability   
Farmers comprehension of 
written materials 
Farmers’ construal of the 
meaning of written materials 

Development of self-
efficacy 

Competence in performing skills 
Understanding of underpinning theory 
Opportunity to ask questions  and 
clarify issues 
Extended support to reinforce 
technical training 

General education 
Social confidence 
 

Attrition of participating 
farmers 

Initial offer of assistance 
Extended support to reinforce 
technical training 
Destruction of sites through fire or 
grazing 

Initial self-efficacy1 
Initial feasibility 
Unexpected problems 
 

 
 

                                                 
1 Self-efficacy is defined in the appendix. 
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Construction of System Models 
 
Choice of a systems modelling approach was complicated by the inclusion of both 
quantitative and qualitative variables, and the need to predict program outputs for varying 
levels of inputs. A clear visual display was also required to facilitate easy comprehension of 
models by stakeholders who were to be asked to validate model structure. Using these 
criteria, spreadsheets, mathematical models, multi criteria analysis and decision trees were 
not considered useful because they are difficult to explain to stakeholders (Cain 2001). In 
addition, causal loop diagrams do not represent the logical flow of extension activities. 
Neither is the concept of ‘stock flow’ diagrams (accumulation and changes to quantities in a 
system) easily aligned to modelling imprecise qualitative influences. However, Bayesian 
Belief Network (BBN) graphical models are suitable for probabilistic modelling through their 
ability to model cause and effect within systems.  
 
BBNs consist of nodes (boxes) which represent system variables (each node having two or 
more classes), links which represent causal relationships and probabilities which quantify the 
chance that a node will be in a particular state given that its input (or parent) nodes are in 
particular classes. The graphical component of a BBN is called an influence diagram and 
consists of nodes and links. The mathematical component of a BBN uses Bayes formula to 
calculate the probability of the occurrence of an event (a conclusion) conditional on the 
occurrence of other events, (a premise). Variables which can be identified as causally 
influencing the outcome of other variables are linked into a network and variables further 
along the chain are modified by the influence of variables higher up. BBNs therefore show 
the logical consequences of linking the user’s understanding of parts of a system into an 
integrated whole (Jensen 2001; Cain 2003). They are becoming an increasingly popular 
modelling tool in environmental management because they allow for the integration of 
biophysical, economic and social variables (McCann et al. 2006; Uusitalo 2007).  
 
In Netica™ BBN modelling software, links encode the conditional dependencies between 
variables in probability tables. Probabilities inserted into the tables may be derived from 
empirical evidence or a personal belief and must be based on defensible evidence and 
reasoning (O’Hagen 2003). Alternatively, if the evidence is taken from a population which is 
being modelled, then the frequency distribution implicit in that data may be used as an 
approximation of the desired probabilities (Norsys 2007). The software also provides a 
sensitivity analysis capability which calculates entropy reduction to identify those parts of a 
model which most affect output variables.  
 
For model construction, data were sourced from descriptive statistics which had been 
collected throughout the program and qualitative data derived from interviews, written 
opinions, visual observations by ACIAR staff and feedback from local government unit (LGU) 
officials. Overall, 52 farmers initially expressed interest in the program, with sub-sets of 
farmers involved in various aspects. This provided estimates of some variables which were 
likely to be more reliable than stakeholders’ subjective opinions. However, other variables 
were qualitative and subjective, (e.g. farmers’ reading ability) and were not easily estimated. 
Where necessary, this prompted sourcing of data from stakeholders in order to populate 
models.  
 
Preliminary models of the four main extension activities were constructed following general 
recommendations for model construction. These are that models should be made as 
parsimonious as possible – capturing the main factors that link a program to its outcomes – 
without making models so complex that the sensitivity of the output variable to input 
variables is swamped by intermediate variables and validation becomes confusing (Cain 
2001; Donaldson and Gooler 2003; Marcot et al. 2006). It was not possible to involve 
stakeholders directly in the construction of preliminary models. Therefore, after initial 
development, the preliminary models were pre-validated by an expert group of three Filipino 
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researchers, ready for formal validation by stakeholders at a workshop in Leyte. Definitions 
of key variables are described in Appendix 1. 
 
Supply of Personal Assistance to Stakeholders at the Validation Workshop 
 
Validation of the preliminary models was premised on the definition proposed by Cain et al. 
(2003) that the validity of data elicited from stakeholders is contingent on inducing them to 
offer their own perspectives and participate in discussion. Because the results of the 
workshop could be compromised if shyness, reading or writing difficulties inhibited 
participants from responding fully to questions, we decided to employ a one-to-one ratio of 
assistants to stakeholders. The task of the assistants was to translate if necessary, 
recapitulate information or instructions, elicit a comment and to record a verbatim reply to 
each question. Fourteen staff were available to assist with the workshop and the number of 
stakeholders was also consequently set at 14.  
 
Validating Model Structure and Populating the Models 
 
The workshop had two objectives, to validate the structure of the preliminary models and 
where necessary, to populate the models. Using a simple model, a Cebuano-speaking 
facilitator first demonstrated the calculation of conditional probability. Each of the four models 
was shown to the participants and the meaning and definition of the variables were explicitly 
described. Stakeholders were then asked to comment whether they thought that the models 
and their constituent variables were realistic, and an accurate representation of the 
influences which affect farmers’ motivation and engagement in small-scale forestry. They 
were also asked whether variables should be added, deleted or re-ordered. Finally, they 
were asked to assess the probability of the occurrence of each variable. 
 
To indicate the likelihood of variables taking a particular state, participants were asked to 
indicate their opinion on a Likert scale and to make a written comment. To ensure that 
responses were only used when participants had understood the question, whenever 
stakeholders did not record a comment which matched their response on the Likert scale, 
their response was treated as invalid. Valid Likert scale responses were averaged and the 
resulting mean probabilities entered into BBN probability tables. If two or more parent 
variables influenced a child variable, participants were asked to weight the influence of the 
variables in elicited probability tables using the procedures described by Cain (2001).  
 
Stakeholders comprised seven participants who actively farmed their land (farmers) and 
seven participants who were not actively involved with the physical labour of farming (non-
farmers). The non-farmer group comprised stakeholders who had outside employment or 
positions in local government. It was possible that socio/economic differences between the 
farmer and non-farmer groups may have caused them to respond to questions differently. 
Therefore, because the sample size was small, for four variables, a non-parametric Mann-
Whitney rank-sum test was performed for data supplied by both groups to test whether the 
farmer and non-farmer group had responded differently. The variables were: 
 

1. On non-intensively managed farms, the probability of farmers having land on which 
to plant trees 

2. The likelihood of political favouritism affecting recruitment in municipalities 
3. Farmers’ ability to read paragraphs, written in their local dialect 
4. The incidence of insecure title to land.  

 
These variables were chosen because they were examples of variables which were wholly 
or partly beyond the capacity of the extension program to control and which may become 
critical impediments to the success of a hypothetically expanded program. 
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RESULTS OF THE WORKSHOP 
 
Stakeholders validated the structure of three models, i.e. the recruitment of farmers to an 
agroforestry extension program, the usefulness of extension materials and the development 
of self-efficacy. They also supplied almost all of the data which was used to populate the 
models. For a fourth model which described the attrition of participating farmers throughout a 
program, stakeholders validated the structure of the model but empirical data which had 
been collected during the extension program were used to populate probability tables.   
 
For most questions, the assistants were able to record a comment which indicated that 
stakeholders understood the nature of questions. Overall, only 6.5% of responses were 
rejected because farmers did not supply a valid comment.  
 
For the four variables to which the Mann-Whitney rank-sum test was performed for data 
supplied by the farmer and non-farmer groups, a test of probability estimates assigned by 
both groups showed that for each variable, there was no significant difference between the 
responses obtained from each group (P >= 0.05, two-tailed test). Data from all 14 
stakeholders were therefore processed as one dataset. 
 
Model 1: Farmers Recruited to an Agroforestry Extension Program 
 
In preliminary questions, stakeholders provided a demographic snapshot of ‘typical’ farmers 
in Leyte. The average age of farmers in Leyte was estimated as being over 50, with 35% of 
them having only elementary education or not having attended school. Approximately 30% 
of farmers were estimated as being poor tenant farmers with a consequent low level of 
involvement in community affairs. 
 
Stakeholders suggested that Model 1 should be treated first as the level of contact achieved 
with farmers at the municipal level (Figure 2) and second as the recruitment of farmers at a 
personal level (Figure 3). Stakeholders accepted that contact with farmers at the municipal 
level is affected by land-use, mayoral support, employee support and political divisions 
(Figure 2). Once farmers have been contacted, however, they considered that recruitment is 
contingent on land availability and farmers’ perceptions of harvest certainty, as described in 
Figure 3. Harvest certainty was seen as being influenced by farmers’ security of title to their 
land and their understanding of harvest legislation.  
 

Approach_through_LGU
yes
no

 100
   0

Mayoral_support_for_project
strong support
mild support

98.0
2.00

Farmers_contacted
high
low
very low
none

75.4
24.6
   0
   0

Land_use
not intense
intense

 100
   0

LGU_contact
high
low
none

75.4
24.6
   0

Political_favouritism
no
yes

42.0
58.0

Radio_or_signs
yes
no

   0
 100

Employee_support
strong support
mild support

98.0
2.00

 
 
Figure 2. BBN model of the level of initial contact with farmers achieved through LGU staff 
or radio and signs  
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Title_certainty
certain
uncertain

44.0
56.0

Understanding_of_harvest_leg
high
low

 100
   0

Recruitment
high motivation
low motivation
no

24.6
31.4
44.0

Potential_land_availability
yes
no

56.0
44.0

Land_use
not intense
intense

 100
   0

Farmer_contacted
yes
no

 100
   0

Harvest_certainty
yes
no

44.0
56.0

 
 
Figure 3. BBN model of influences which affect the motivation of farmers to be recruited to 
an agroforestry extension program  
 
In Figure 2, the predicted level of support from municipal mayors is strongly influenced by 
the intensity of land use in the municipality. If typical farms are not intensively cultivated, 
strong mayoral support is highly probable (i.e. 98%), whereas if land in the municipality is 
typically intensively harvested, agroforestry or protective tree planting is not a political priority 
and the probability of strong mayoral support is predicted to be only 38%. This finding 
mirrors the results of the extension program and indicates that agroforestry programs are 
much more likely to be supported by elected officials and LGU staff in situations where land 
is not seen as being profitably used for annual crops.  
 
For land which is not intensively farmed and where no political tensions exist in the 
community, the predicted probability of achieving a high level of contact with farmers is 96%, 
compared to 61% where divisions exist. Using empirical data collected during the program, 
the model was constructed so that the probability of contact with farmers is ‘very low’ if only 
radio announcements or signs are used to contact farmers. Despite detailed planning and 
execution, recruitment through these media in the municipalities of Libagon and Dulag 
(signs) and Baybay (radio) had been an almost complete failure. Stakeholders’ commented 
that although political favouritism is a normal factor of rural Filipino life they envisaged that 
the culturally appropriate way to gain access to communities is via elected politicians.  
 
For farms which are not intensively managed, stakeholders rated the probability of land 
being available to grow small numbers of trees2 as being 56% compared to 38% for land 
which is intensively managed. On intensively managed land therefore, stakeholders still saw 
considerable scope for small-scale tree planting. Several stakeholders commented that 
farmers would always have a preference for growing annual crops, but that the security of 
these crops is difficult on plots of land some distance from the family home. 
 
The probability of farmers having a high understanding of harvest legislation (25.6%) had 
been derived from interviews with 39 farmers during the extension program. In addition, at 
the workshop stakeholders considered that the probability of farmers having security of title 
was only 56%, this issue being a serious impediment to the development of farms in the 
Philippines. Using these data, only 11% of farmers are predicted to be certain of harvesting 
their trees (‘harvest certainty’, Figure 3). Alternatively, if an extension program provides 
information sessions so that all farmers have a high understanding of relevant legislation, the 
predicted probability of harvest certainty rises to 44%. An upper limit to the realistic likelihood 
of farmers being highly motivated to join an extension program is predicted to be 25% for a 
scenario in which harvest certainty is raised through an educational program and land use is 
not intense.  
 

                                                 
2 The number of trees was nominally set as being at least 50 trees. 
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Model 2: Effectiveness of Written Extension Materials which are Used as an Extension 
Aid 
 
The purpose of Model 2 is to supply answers to RQA by predicting the effectiveness of 
written extension materials as instructional aids or as ‘stand-alone’ documents. Using the 
design of extension materials which were developed for the program as a guide, the initial 
model was developed with ‘language’, ‘text length’, ‘document length’, ‘graphics’ and ‘type of 
material’ as parent variables. Key measures of effectiveness are farmers’ comprehension of 
written material and the correct construal of meaning.  
 
Stakeholders accepted the structure of Model 2 and provided data which predicts that 
farmers’ reading ability is affected by both the language in which material is presented and 
the length of text, either phrases or paragraphs (Figure 4). Stakeholders’ assessment of 
farmers’ reading ability was that reading skills decline with increased text length and with 
departure from the local dialect to the national language or English. For extension material 
presented as phrases, the predicted probability of farmers having a high level of reading 
competency – in their local dialect (Cebuano or Waray Waray), Tagalog (the national 
language) and English – is 97, 84 and 58%, respectively (Table 3), whereas if material is 
presented as paragraphs, the predicted percentage of farmers having a high level of reading 
competency declines from 62 to 59 and 38%, respectively. These results preclude use of 
written material which is written in other than the local dialect.  
 

Type_of_material
poster
pamphlet

 100
   0

Graphics
Filippino narrative
not Filipino narrative

 100
   0

Comprehension
high
low

78.7
21.3

Effectiveness_as_stand_alone
high
low

52.7
47.3

Construal
correct
incorrect

67.0
33.0

Reading_ability
high
low

62.0
38.0

Language
local dialect
Tagalog
English

 100
   0
   0

Text_length
phrases
paragraphs

   0
 100

 
 
Figure 4. BBN model of the effectiveness of written extension materials as stand-alone 
extension aids 
 
Table 3. Predicted probability of farmers being able to read either phrases or paragraphs in 
their local dialect, Tagalog or English  
 
Language Text presented as 

phrases 
Text presented as 

paragraphs 
Farmers having ‘high’ reading ability 
in their local dialect (%) 

97 62 

Farmers having ‘high’ reading ability 
in Tagalog (%) 

84 59 

Farmers having ‘high’ reading ability in 
English (%) 

58 38 

 
Stakeholders expressed a strong preference for ‘Filipino style’ narrative graphics rather than 
annotated diagrams. Using narrative graphics, and for extension material presented as 
pamphlets, the predicted probability of farmers having a high comprehension of extension 
material declines from 92% if farmers’ reading ability is high, to 57%, if farmers’ reading 
ability is low.  
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It would have been inappropriate to ask stakeholders about the extent to which farmers may 
misconstrue the meaning of extension information. However, previous interviews with 
farmers in which they had been asked to validate written extension materials, had indicated 
that their misconstrual of illustrations concerning pruning and thinning was 17% and 33%, 
respectively (Baynes et al. 2007). For scenarios where written material is presented as 
pamphlets, written in paragraphs in a local dialect and with narrative graphics, the predicted 
correct construal of extension material when used without verbal assistance declines from 
62% (where the misconstrual rate is 17%) to 50% (where the misconstrual rate is 33%).  
 
Model 3: Development of Farmers’ Self-efficacy 
 
Model 3 addresses the need for farmers to develop self-efficacy (RQA) and the resource 
requirements for a scaled-up program (RQC). Stakeholders accepted that farmers’ social 
confidence during participation in extension activities is affected by their social status and 
their level of education. Hence, the principles of adult learning, as described by Knowles 
(1984), may not be applicable to some Filipino farmers because limited education and low 
social rank may inhibit them in extension situations. Consequently, Model 3 was modified so 
that farmers’ social confidence is modelled as a surrogate of farmers’ education (Figure 5).  
 

Individual_competence
yes
no

 100
   0

Theory_session_effectiveness
high
low

68.5
31.5

Theory_based_learning_activity
simple
complex

 100
   0

Prac_session_effectiveness
high
low

72.9
27.1

Social_confidence
high
low

65.0
35.0

Extended_question_session
yes
no

50.0
50.0

Self_efficacy
high
low

81.5
18.5

Tech_reinforcement
yes
no

 100
   0

General_education
higher than elementary
elementary or lower

65.0
35.0

 
 
Figure 5. BBN model of the development of farmers’ self-efficacy through training followed 
by technical reinforcement 
 
In this model, if farmers’ social confidence is high, predicted self-efficacy declines with the 
reduction of inputs from an optimal state, (i.e. individual competence, simple theory, 
extended questions and extended assistance) from 92 to 44% where inputs are in their most 
negative state (Table 4). Similarly, if farmers’ confidence is low, self-efficacy declines from 
77 to only 37% (Table 4).  
 
A sensitivity analysis was undertaken of the sensitivity of ‘self-efficacy’ to variation in ‘prac 
session effectiveness’, ‘theory session effectiveness’ and ‘technical reinforcement’. The 
entropy reduction – the uncertainty of the output variable which is expected to be eliminated 
if the true value of other variables is known – was 6.6% for ‘technical reinforcement’, 4.0% 
for ‘practical session effectiveness’ and 2.7% for ‘theory session effectiveness’. These 
results indicate that extended assistance is the most critical success factor for the 
development of self-efficacy.  
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Table 4. Predicted probability of farmers achieving self-efficacy through the provision of 
practical and theory training and technical reinforcement 
 
Technical 
reinforcement 

Practical 
competence 

Type of 
theory 

delivery 

Questions 
encouraged

Farmers with 
high social 

confidence who 
achieve high 
self-efficacy 

Farmers with low 
social confidence 
who achieve high 

self-efficacy 

Yes Yes Simple Yes 92 77 
Yes Yes Simple No 79 71 
Yes Yes Complex No 76 70 
Yes No Complex No 71 65 
No No Complex No 44 37 

 
Model 4: Attrition of Participating Farmers throughout the Program 
 
Using data which had been collected during the extension program, Model 4 describes the 
attrition of participating farmers throughout a program of this nature (Figure 6). The main 
variable within program managers’ capacity to control is the provision of extended 
assistance. The model provides a response to both RQA and RQB by predicting the 
percentage of sites which are planted and survive, depending on the level of extension 
assistance. The model shows a decline in participation because: farmers already know how 
to establish trees; they decide that tree establishment is not feasible; unexpected problems 
occur; they lose interest over a period of time and planted trees are destroyed by grazing or 
fire (Figure 6).  
 

Continue_with_nursery
yes
no
not initiated

68.5
8.47
23.0

Unexpected_problem
no
yes

 100
   0

Establish_trees
yes
no
not initiated

68.5
8.47
23.0

Grazing
grazed
not grazed

5.30
94.7

Nursery_initiated
yes
no

77.0
23.0

Assistance_accepted
yes
no

77.0
23.0

Initial_self_efficacy
low
high

96.2
3.80

Initial_feasibility
feasible
not feasible

80.0
20.0

Initial_support_offered
yes
no

 100
   0

Survive
yes
no
not planted

61.4
7.07
31.5

Destroyed
destroyed
not destroyed

10.3
89.7

Fire
fire
no fire

5.30
94.7

Extended_support_offered
yes
no

 100
   0

 
 
Figure 6. BBN model of attrition of farmers’ participation in an agroforestry extension 
program 
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Only 77% of farmers who accept an invitation to an introductory field day are predicted to 
initially participate in a program and receive training to begin a home nursery. Some farmers 
are then predicted to lose interest and participation falls to 68% even if no severe problems 
occur (Table 5).  
 
If expected problems are encountered at the nursery stage, and extended assistance is not 
provided, the predicted attrition of participating farmers is very severe, only 7% of farmers 
growing seedlings to the planting-out stage. In addition, if encouragement and extended 
assistance to plant trees are not provided the predicted establishment rate of sites is 
reduced to only 4%. Finally, for this scenario, a predicted loss of approximately 10% of sites 
which are destroyed in the first year, reduces the percentage of surviving sites to only 3%. 
Even if farmers do not encounter unexpected problems, if encouragement and support are 
not offered, the predicted tree establishment rate is only 36%, a reduction of almost half of 
participating farmers because they gradually lose interest or are distracted by other 
activities.  
 
Table 5. Decline in predicted percentage of farmers participating in an extension program   
 
Scenario Farmer participation with 

extended assistance (%) 
Farmer participation with 

initial assistance (%) 
Encounter severe nursery 
problems but persist 68 7 
Establish trees 68 4 
Site survival after one year 61 3 

 
DISCUSSION  
 
One of the principal advantages of a systems approach to extension evaluation is that 
identification of system variables and assessment of their importance provides a rich picture 
of the socio-economic context in which extension takes place. A complementary 
disadvantage is that there is also the potential for stakeholders to accept spurious influences 
out of a sense of politeness or indifference. It is a Filipino characteristic to try to 
accommodate other viewpoints and attitudes (Carson 1978; Goldoftas 2006) and culturally 
sensitive variables may be ignored or glossed over in a workshop situation.  
 
The ability of BBNs to accommodate imprecise estimates of qualitative variables is also 
highly advantageous in extension, which by definition is concerned with subjective human 
values and attitudes. Unfamiliarity with the concept of probability can limit the extent to which 
stakeholders can provide probability estimates and a variety of methods have been used to 
elicit data, e.g. a consensus based approach followed by expert group review (Henderson 
and Burn 2004) or a semi-structured questionnaire (Cain et al. 2003). Henriksen and Balebo 
(2007) used stakeholder opinion to populate models of groundwater management, but found 
that explaining BBNs was demanding and time consuming. For this workshop, ACIAR staff 
commented that without the individual assistance supplied to every stakeholder, little 
response may have been elicited from less socially-secure stakeholders. Personal 
assistance permitted translation and repetition of questions to individual stakeholders. 
ACIAR staff commented that this elicited responses which were genuine and considered.  
 
For program managers the ability to analyse the sensitivity of program outputs to inputs may 
assist planning and re-direction of resources away from activities which are likely to be less 
successful. In addition, prediction of limits to program outputs allows appraisal of the 
fundamental worth of programs. A difficulty with this type of evaluation is that it must be 
carried out ex poste once the variables have been identified and their importance at least 
tentatively assessed. An ex ante evaluation may invite model construction based on 
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speculation. For this program, several variables (e.g. farmers attitude to fencing or fire 
control) emerged only late in the program and the importance of a key impediment (title 
security) only emerged at the final workshop.  
 
Usefulness of the Models to Supply Answers to the Three Research Questions 
 
In providing a response to RQA, i.e. ‘What extension activities and information are 
appropriate to recruit smallholder farmers in Leyte and to develop their self-efficacy so that 
they are able to continue the establishment of trees without further extension assistance’, 
modelling showed that nursery-based technical information in particular, was valued by 
farmers and that personal assistance was highly effective in achieving technology transfer. A 
comparison of the predicted levels of contact with farmers for different levels of land-use 
intensity and political favouritism indicated that these variables are not critical impediments 
to an extension program. Contact with farmers is reduced substantially where political 
cronyism exists. However, stakeholders’ comments – that it is unrealistic to expect an 
extension program to work in a politics-free environment – indicated that the influence of this 
variable may be unavoidable. In a similar manner, stakeholders saw considerable scope for 
planting small numbers of trees adjacent to intensively managed land. Recruitment is 
predicted to be less where these variables are not in a favourable state, but not critically.  
 
Stakeholders’ insistence that a low level of recruitment will be achieved if title security and 
harvest legislation issues are not resolved, indicated that these issues are critical 
impediments for an extension program of this nature. Strengthening land tenure and harvest 
rights is often described as a prerequisite for increased agroforestry adoption, e.g. in 
Panama (Fischer and Vasseur 2002), in Haiti (Murray and Bannister 2004) and in Sumatra 
(Suyanto et al. 2005). Our results indicate that in the Philippines, unless land tenure and 
harvest rights are secure, the adoption of agroforestry is unlikely to rise above its low 
existing level. Whereas farmers’ knowledge of harvesting legislation can be easily remedied, 
title security cannot. Unfortunately the complexities of Filipino law preclude a simple remedy 
for farmers with insecure title. Addressing farmers’ awareness of harvesting legislation is 
therefore a critical success factor for program recruitment and an opportunity which may be 
exploited in a scaled-up program.  
 
As a further response to RQA, for the predicted 38% of farmers who have difficulty reading 
paragraphs written in their local dialect, the usefulness of written extension material is 
marginal. This is in accord with the findings of Kiptot et al. (2006) in Kenya, that technical 
information must be simplified to help farmers’ understanding of complex principles. In this 
case, even when graphics are included to bolster comprehension, approximately one farmer 
in four is predicted to fail to comprehend written materials. The consequences of 
misconstrual of the intended meaning of extension literature are potentially more serious. 
Farmers’ mental model of the world may be likened to an invisible force which guides their 
actions (Eckert and Bell 2005). Hence, for agroforestry extension in Leyte, this modelling 
indicates that use of written extension materials, if not supported by verbal explanations, is 
questionable.  
 
For RQB, i.e. ‘Will an extension program which offers technical advice and assistance be 
effective in improving the uptake of timber tree establishment and the silvicultural 
management of tree farms’, the effectiveness of extension assistance is provided in the high 
level of predicted self-efficacy achieved when learning conditions are optimised to 
accommodate farmers with limited education and self-confidence. Self-efficacy is a 
precursor to adaption and experimentation with technology. Hence, because farmers’ 
innovations are entry points for technology development and adoption (Katanga et al. 2008), 
variables which affect the development of self-efficacy are key drivers of program success. 
In this program, the predicted 35% of farmers who may be apprehensive in learning 
situations is concerning. These farmers are less likely to develop initial self-efficacy and are 
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more dependent on reinforcement of skills and knowledge. Even in situations where farmers 
achieve initial competence, only extended assistance may enable farmers to deal with 
contingencies. Consequently, if unexpected problems occur and extended assistance is not 
provided, the predicted loss of farmers’ participation is predicted to be catastrophic.  
 
It was initially expected that lack of a production to commercialisation (P-C) chain for timber 
trees may be a constraint. A well-identified P-C chain provides crops with a distinct adoption 
advantage (Kwesiga et al. 2003; Clement et al. 2004), but in this program farmers had 
previously identified domestic use (to build a house) as a main reason for growing trees. For 
the development of small-scale forestry in Leyte, the development of a P-C chain may be an 
opportunity, but farmers did not identify it as a constraint.  
 
As a further response to RQB, the refusal of approximately a quarter of farmers who attend 
an introductory extension activity to then participate in a program may not be an important 
negative influence. ACIAR staff commented that some farmers may enquire about a 
program to see what material benefits it may bring and a proportion of farmers are likely to 
be unable to come to an arrangement with parents, siblings or landlords which will allow 
them to participate. An early loss of participation of farmers from a program may not imply 
that recruitment methods are at fault.  
 
Unfortunately, a predicted loss of approximately 10% of sites planted in the first year is a 
serious impediment to the further adoption and diffusion of tree establishment. Negative 
publicity emanating from the destruction of trees is a serious impediment which is not fully 
apparent in the model. Fencing is a prerequisite if there is a risk of trees being grazed and 
any form of fire control (e.g. liaison with neighbours) is highly advisable.  
 
A response to RQC is collectively provided by responses to RQA and RQB. For a 
hypothetically expanded program, a constraint is that contact with farmers is only likely to be 
effected through elected officials. However, an opportunity to maximise recruitment is 
provided if farmers’ fears of being unable to harvest trees in the future are addressed by 
providing information on harvesting legislation. Resource requirements for a hypothetically 
expanded program are predicated by the limited usefulness of written extension material and 
farmer’s preference for personal contact with extension staff. Finally, the negative impact of 
farmers’ reaction to the loss of trees through grazing or natural disasters represents a 
system variable over which program managers may have little control.  
 
CONCLUSION 
 
For the evaluation of this extension program, systems modelling provided insights into the 
values and socio-economic conditions of farmers which would have been difficult by other 
means. Use of the BBN modelling approach permitted construction of preliminary influence 
diagrams in which rearrangement of variables and causal links could be undertaken until a 
logical model emerged. Without the willing cooperation of stakeholders, validating and 
populating preliminary models would have been very difficult.  
 
The system variable common to all four models is farmers’ education and knowledge, either 
through their understanding of harvest legislation, comprehension and construal of written 
information, development of self-efficacy or their ability to cope with problems. Systems 
modelling highlighted the difficulty of targeting the cohort of farmers most in need of 
extension assistance – those with low education and social position. If these farmers are not 
explicitly targeted in program design, then the program may mainly benefit mainly richer or 
better educated farmers. Hence, to maximise the effectiveness of a hypothetically expanded 
program, extended assistance and support are necessary. Fortunately the high predicted 
success rate when extended assistance is provided indicates that programs of this nature 
may present an opportunity to help those farmers most in need.  
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Appendix 1. Definitions of Models and Key Model Variables 
 
Figure 2. ‘Farmers Contacted by an Agroforestry Extension Program’ 
 
The model predicts the likelihood of farmers (who are potentially predisposed to growing trees) 
being contacted and responding to an invitation to join an extension program which offers 
assistance to grow trees. 
 
Variable Definition of each state 
LGU contact ‘LGU contact’ is defined as ‘high’ in situations where more than 15 farmers 

(who may potentially be interested in growing trees) per municipality are 
contacted, invited to be included in program activities and respond to the 
invitation. ‘Low’ contact is defined as being contact with less than 15 farmers 
per municipality. 

Farmers 
contacted 

For the definition of this variable, it is assumed that farmers may be interested 
in information about growing and managing trees for a variety of reasons, e.g. 
planting, valuing, application of silviculture, curiosity or the material benefits 
which the program may bring. ‘Farmers contacted’ is defined as ‘high’ in 
situations where more than 15 farmers per municipality are contacted, invited 
to be included in program activities and respond positively to the invitation. 
‘Low’ contact is defined as being contact with less than 15 farmers and ‘very 
low’ contact is defined as being contact with only one or two farmers per 
municipality. 

 
Figure 3. ‘Farmers Recruited to an Agroforestry Extension Program’ 
 
The model predicts farmers’ motivation to join an agroforestry extension program. It is assumed 
that for farmers to join the program in a fully participative manner, they must have unused land 
for which there is no alternative use and they must have security of harvest.  
 
Variable Definition 
Potential 
land 
availability 

‘Potential land availability’ is defined as being ‘yes’ or ‘no’ depending on whether 
there is sufficient space to grow 50 or more trees, or not, either as a block, rows 
or as inter-plantings. 

Recruitment ‘Recruitment’ is defined as ‘high motivation’ in situations where farmers, after 
being introduced to the program, are motivated to join the program and supply 
necessary inputs to establish trees. ‘Low motivation’ is defined as occurring in 
situations where farmers join the program (often to see what material benefits it 
will bring) but soon lose enthusiasm and abandon their efforts or establish a 
minimal number of trees. ‘No’ recruitment is defined as a decision to not join the 
program. 
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Figure 4. ‘Effectiveness of Written Extension Materials as an Extension Aid’  
 
This model predicts the probability of farmers being able to comprehend (as a personal belief) 
written extension materials. The model also predicts the probability of farmers being able of 
construe the correct interpretation of written material which is available in information booths.  
 
Variable Definition 
Graphics ‘Graphics’ are defined as being the pictorial accompaniment to text.  
Language ‘Language is defined as being either the local dialect (Cebuano or Waray Waray), The 

Philippines national language (Tagalog) or English. 
Reading ability ‘Reading ability’ is defined as being ‘high’ in situations where farmers can read (i.e. 

understand words and sentence structure) texts of phrases or paragraphs. ‘Low’ 
reading ability is defined as the ability to only read simple well-known instructions and 
signs only. In this situation, farmers are heavily dependent on accompanying graphics. 

Comprehension ‘Comprehension’ is defined as the meaning which farmers place on text or graphics 
and is defined as being ‘high’ when farmers are able to decipher meaning from texts 
and graphics and ‘low’ when farmers are unable or only partly able to decipher a partial 
meaning from texts and graphics.  

Construal ‘Construal’ is defined as being an interpretation or mental construction which is put on 
text and graphics. Construal is defined as being ‘correct’ or ‘incorrect’ depending on 
farmers’ ability to construe the correct extension message or not.   

Effectiveness as 
a stand-alone 
extension aid 

‘Effectiveness of a stand-alone extension aid’ is defined as the percentage of farmers 
who both comprehend written extension materials and correctly interpret the extension 
message 

 
Figure 5. ‘Development of Farmers’ Self-efficacy’  
 
This model predicts the development of farmers’ self-efficacy – their development of self-
confidence to the stage where they are confident of growing seedlings and establishing trees in 
the future.  
 
Variable Definition 
General 
education 

‘General education’ is defined as being either ‘higher than elementary’ or ‘elementary of 
lower’. In the first category, farmers can read (i.e. understand words and sentence 
structure) of texts of phrases or paragraphs and can undertake simple mathematical 
computations, (e.g. calculate area from measurements of length and breadth). ‘Elementary 
or lower” is characterised by an inability to perform these functions.  

Individual 
competence 

‘Individual competence’ is aligned to level 3 of Bloom’s taxonomy for psychomotor skills, the 
‘yes’ state being achieved when farmers are able to repeat (after practice) skills which are 
shown to them. The ‘no’ state is defined as a lack of competence at level 3. The premise 
underpinning this use of the taxonomy is that it was developed by Bloom et al. (1956) and 
Bloom et al. (1971) as a hierarchy of levels of learning behaviour to assist the design and 
assessment of learning activities. For psychomotor skills, level 3 of Bloom’s taxonomy is the 
ability to repeat simple skills with precision, higher levels requiring integration of multiple 
skills. Therefore we used level 3 as being a minimum proficiency level which may lead to 
the development of self-efficacy. 

Theory- 
based 
learning 
activity 

‘Theory-based learning activity is defined as being the supply of underpinning theoretical 
information in an extension program. The ‘simple’ state of this variable is achieved at level 2 
of Bloom’s taxonomy for cognitive functions in which information is understood. The 
‘complex’ state of this variable is achieved when the delivery of theory exceeds level 2 and 
requires learners to apply, analyse, synthesise or evaluate information.  

Self-efficacy In general, ‘self-efficacy’ is defined as a personal belief about a capability to perform certain 
actions and exercise influence over life-affecting events (Sanna 1992; Bandura 1994). It is 
an important factor in determining subsequent adoption of technology (McGinty et al. 2008). 
In model 3, self-efficacy is defined as ‘high’ when farmers are sufficiently confident about 
undertaking the activity and lack of knowledge or skills is not an impediment. It is defined as 
‘low’ when farmers are not confident about undertaking the activity.  
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Figure 6. ‘Attrition of Participating Farmers throughout a Program’ 
 
This model predicts the attrition of farmers throughout a program, either because establishing 
trees is not feasible for them, they already have the required knowledge, they meet unexpected 
problems, lose interest or their trees are destroyed by natural disasters or grazing. 
 
Variable Definition 
Initial 
feasibility 

‘Initial feasibility’ is defined as being the initial practicality or possibility for farmers to 
establish and grow trees. It is defined as being ‘feasible’ or ‘not feasible depending 
whether farmers have the land, title security, finance and time to undertake 
agroforestry.  

Unexpected 
problem 

‘Unexpected problem’ is defined as being the occurrence, either ‘yes’ or ‘no’, of an 
event which causes severe unexpected problems which are beyond the capacity of 
farmers to manage.  
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The Community Environment and Natural Resources Office (CENRO) in Maasin City, 
Southern Leyte, uses two whiteboards as a tool for improving the flow of timber marketing 
information. Included in the information provided on the boards is a list of registered tree 
plantations, including their location and the estimated volume at harvest and a list of buyers 
in the locality. Focus group discussions with farmers, timber dealers, and representatives of 
the local government offices and the CENRO indicated the potential of the whiteboards for 
improving timber information flow. It has established a link between farmers and buyers 
improving the marketing of timber. Farmers are encouraged to register their trees so their 
names would appear in the list. Buyers, on the other hand, are able to locate the farmers 
and the tree species they have available. According to the extension workers, the 
whiteboards made the monitoring of tree farms easy. Considering the utility of the 
information contained in the whiteboard, farmers suggested that each barangay be provided 
with the same list on bond paper. An alternative means suggested to improve dissemination 
of timber marketing information is through the local radio station. 
 
 
INTRODUCTION 
 
Information boards serve an important community-building function. They may advertise 
services, events and people’s interests, and invite community members to communicate, 
participate, interact and transact (Churchill and Denoue 2003).  
 
According to McKee et al. (2004), evaluation can greatly enhance the effectiveness of 
communication materials and tools to cater for the information needs of the intended 
recipients. Particularly, testing communication materials among members of the intended 
audience for comprehension, aesthetic appeal, cultural acceptability and related factors will 
enable decision makers to benefit to the full extent from the communication they have 
initiated. 
 
The Community Environment and Natural Resources Office (CENRO) in Maasin City 
installed two whiteboards in front of their office in 2005 as an information dissemination tool 
to whoever may be interested in timber marketing. One whiteboard contained information on 
registered tree farms in the various barangays within Maasin City, and the other contained a 
list of buyers. Each board measured 4 feet by 8 feet (1.2 m x 2.4 m). One of the boards 
contained a list of about 160 registered tree plantations including the name of the owner, 
location of plantation, species planted and estimates of merchantable volume for some 
plantations (Cedamon et al. 2007). 
 
This paper reports on the effectiveness of the Maasin CENRO whiteboards in improving the 
timber marketing information flow between tree farmers and timber buyers. 
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RESEARCH METHOD 
 
As part of the project on Improving Financial Returns of Smallholder Tree Farmers in the 
Philippines (ASEM/2003/052), a study was conducted to evaluate the utility of the 
whiteboard as a timber market information tool. In November 2007, three (3) sets of FGDs 
were conducted with timber dealers, representatives from CENRO Maasin, representatives 
from the Department of Agriculture in Maasin, and non-government organizations and 
farmers at the CENRO Office (near to where the whiteboards are displayed) to assess the 
effectiveness of the whiteboard in terms of its aesthetic appeal and utility. There were eight 
to 10 participants in each FGD who had been contacted by an officer of CENRO. During the 
FGDs, participants were asked to comment on the utility of the whiteboards and to suggest 
better ways to hasten information dissemination on timber. The FDGs lasted at least an 
hour, the duration depending on the flow of the discussion. 
 
EVALUATION FINDINGS 
 
Since the time the whiteboards were established, CENRO personnel have been reporting 
that they were noticing a gradual increase in the number of farmers who registered their 
trees. A farm-to-market link has been established. Timber buyers and dealers hav been 
relieved of the hassle of locating the trees they need because of the timber seller 
whiteboard. Buyers reported that they have rid themselves of middlemen who unnecessarily 
push up prices of timber. The timber buyer whiteboard enables direct access for the farmers 
to the buyers. Conversely, CENRO personnel do not have consult their database every time 
particular information was needed because basic information related to timber marketing 
was provided on the whiteboard. Before the whiteboards had been installed, CENRO 
personnel still needed to search through the pages of their files for information about tree 
farmers in their jurisdiction whenever a buyer asked for information. After basic information 
related to timber marketing in the database had been transferred to the whiteboards, locating 
the tree farmers became easy.  
 
Aesthetic Appeal of the Whiteboards 
 
FGD participants were asked to evaluate the whiteboards on their aesthetic appeal, 
particularly on its attractiveness, visibility and comprehensibility, and completeness of 
information provided. The main assessment points made are summarized in Table 1. 
 
Attractiveness refers to the ability of the whiteboards to attract and hold attention as 
information delivery material. Participants declared that the whiteboards are noticeable from 
afar. They attract attention because they are white and contain information about timber 
marketing that particularly concern the buyers who need such information. The handwriting 
was neat and legible. 
 
When participants were asked when they had first noticed the whiteboard, the farmers group 
said that they had only recently started to notice it after a few visits to the CENRO office. The 
buyers said that they had first noticed it when they asked at the CENRO office for 
information about where they could buy trees and the personnel had directed them to the list 
of registered tree farmers on the whiteboards. Some participants, however, complained that 
the format was confusing.  
 
In terms of visibility, participants said that the handwriting size is too small. They stressed 
that for farmers and buyers who already are visually impaired like them, the information 
provided on the whiteboards are not highly readable. The participants also complained that 
the whiteboard is hidden from view. They stressed that for information delivery material, they 
should be situated where it can more readily be seen, even by people just passing by.  
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Table 1. Participants’ assessment of the aesthetic appeal of the whiteboards 
  
Criterion Participants’ assessment 
Attractiveness Noticeable from afar 

Eye-catching 
Format is confusing 

Visibility Handwriting is too small 
Hidden from view  

Comprehensibility and 
completeness of information 
provided 

Information provided must be in dialect to hasten understanding 
Information provided is not complete 
Names of farmers listed is not in alphabetical order 
Names of farmers on the list are not updated 
Lot numbers are not given 
Does not provide any information on buyers 

 
With regard to comprehensibility and completeness of the information provided on the 
whiteboards, the participants suggested that it should be in the local dialect. They 
recommended that the information already given be translated to Cebuano, the dialect of the 
local people, to hasten understanding.  
 
Participants also found that the information provided was not complete. It did not provide 
information on the lot number of the plantation for the buyers to easily locate them. The list 
was also not in alphabetical order and it had not been updated. 
 
Usefulness of the Whiteboards 
 
The participants were asked about the benefits they observed after the whiteboards had 
been set up. Their main reactions are summarized in Table 2. They claimed that the 
whiteboards are an effective vehicle for information delivery. Through it buyers are able to 
locate where the tree plantations are, where the farmers are and the tree species available 
on the farms. Therefore, the whiteboards had been able to establish a link between the 
farmers and buyers.  
 
The participants said that the whiteboards were able to provide information on who among 
the farmers in the communities had registered their trees. Thus, it also encouraged other 
farmers to follow those who were already on the list. ‘This means that if a resident cuts trees 
and his name is not on this list, chances are he is cutting illegally’, said a farmer who is also 
a barangay official.  
 
The buyers stated that the whiteboards helped them to make ‘good bargains’. They said that 
they do not buy timber from farmers who are not on the list because it means that their trees 
have not been registered.  
 
The CENRO personnel reported that the whiteboards had become especially useful to them 
for monitoring purposes and in providing technical assistance to farmers whenever needed.  
 
In terms of the economic benefits derived from setting up the whiteboards, the participants 
observed that the whiteboards were able to fast-track the marketing of timber because a link 
between the farmers and buyers had been established. Therefore, the use of middlemen 
who unnecessarily inflate prices of timber, had been avoided. According to them, this 
scheme benefited the farmers most because they could command a higher price for their 
timber. The buyers also were able to negotiate favourable deals directly with the farmers.  
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Table 2. Assessment on the usefulness of the whiteboards 
 
Criterion Perceived usefulness 
Information delivery Good vehicle for information delivery  

Establish link between farmers and buyers 
Buyers are able to locate the farmers and the tree species they have 
available 
Provide information on farmers with registered trees 
Serve as encouragement for other farmers to register their trees 
Monitoring of tree farms and species planted is maximized 

Economic benefits Fast-track the marketing of timber 
Minimize the use of middlemen 
Serve as guide to regulate prices of timber 

 
Since the tree farmer whiteboard provided a list of farmers with registered trees, the buyers 
claimed that they were able to compare prices of timber among farmers. This enabled them 
to get the best offer in the transactions they made. Thus, indirectly, as observed by the 
CENRO personnel, the whiteboards were able to serve as a guide to regulate prices of 
timber. 
 
Suggestions to Improve the Whiteboards 
 
Table 3 shows the participants’ suggestions to improve the whiteboards as an information 
delivery tool. Their main suggestion was to transfer the whiteboards to another location 
where people will be able to see them easily. The font size must be increased to make the 
boards more readable from a distance. They also suggested that the format be simplified to 
avoid confusion.  
 
With regard to the comprehensibility and completeness of information presented, 
participants suggested that the information be translated to Cebuano, the dialect of its 
intended audience. They also suggested that a listing of the buyers and their contact number 
be included on the whiteboard. All entries should be in alphabetical order and be updated 
regularly. Addresses, and specifically the lot number, should be included for easy location of 
farmers. One buyer also commented on the desirability of presenting updated prices of 
timber on the buyer whiteboards. 
 
Table 3. Suggestions to improve the whiteboards 
 
Criterion Suggestions 
Visibility Whiteboards should be transferred to another location where 

people can readily see them 
Font size should be increased 
Format should be simplified to avoid confusion   

Comprehensibility and 
completeness of information 
provided 

List should include buyers and their contact numbers 
The list (of tree farmers) should be in alphabetical order 
Details on both boards should be updated regularly 
Addresses (lot number) should be included for easy location of 
farmers 
Information provided should be in the local dialect 
Information on tree farmers should include: name, address, 
location of plantation, species, volume of harvest, number of 
trees and age of trees 
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Other Means to Enhance Information Delivery on Timber Marketing 
 
Recognizing the importance of linking the farmers to buyers, the participants were also 
asked about other ways that information delivery on timber marketing could be enhanced. 
The farmers suggested that the radio could serve as potent medium to deliver timber 
marketing information. They claimed that most of them listen to radio. Others suggested that 
the information presented on the whiteboards should be printed on paper and distributed to 
the various barangays regularly, which would be a cheaper alternative to the whiteboards. 
This way farmers and buyers could just visit their respective barangay halls when they need 
timber marketing information. Some also suggested that a seminar be organised to bring 
farmers and buyers together to discuss issues related to timber marketing.  
 
CONCLUSION 
 
Representatives of the stakeholders involved in timber marketing have indicated that the 
whiteboards at CENRO Maasin play an important role in linking farmers and buyers in 
Southern Leyte. They serve as an important vehicle for information delivery, narrowing the 
distance between the farms and the market. They also serve as an important monitoring 
system whereby farmers who have not registered their trees are encouraged to do so and 
thus have their names added to the list for potential buyers to locate them easily, as 
experienced by the farmers who already have their names posted on the tree farmer 
whiteboard. To some extent, it has become a status symbol for farmers to have their names 
included in the list of farmers with registered trees posted on the whiteboard.  
 
If the ‘whiteboard’ trial conducted in Maasin is to be replicated in other CENRO districts, it is 
important to consider the revisions suggested by the FGD participants to improve the 
whiteboards as an information delivery system on timber marketing.  
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This paper reviews opportunities and challenges of small-scale forestry proponents in the 
Philippines when engaging in carbon markets. The paper defines carbon markets and 
emissions offsets and summarises how planted and natural forests feature in both regulated 
and voluntary carbon markets are currently operating around the world. Three categories of 
constraints are identified for small-scale forestry proponents in the Philippines engaging in 
carbon markets: lack the knowledge and skills across the gamete of complex legal and 
technical issues required to fully engage in carbon markets; that transaction costs involved in 
growing, measuring and commercialising offsets through small-scale forests deter or impede 
engagement in carbon markets; and lack of professional networks with brokers and buyers 
of offsets to achieve an optimal sales price for their offsets. 
 
 
INTRODUCTION 
 
Carbon markets now encompass a substantial global industry; Capoor and Ambrosi (2008) 
estimated the value of ‘traded carbon’ to have exceeded US$64 billion in 2007. Carbon 
markets also feature as critical parts of the climate change mitigation strategies of many 
countries, and are much talked about for their role in helping to avert the disastrous 
economic, environmental and social implications of ‘business as usual’ climate change. The 
economic rationale for governments to use carbon markets is that individual ‘polluters’ differ 
in their marginal cost of pollution control, and that trading of offsets and permits provides an 
opportunity for polluters to find collectively the least expensive way to achieve environmental 
targets prescribed by governments. In doing so, carbon markets promote innovation in 
finding less expensive ways of reducing pollution, and have appeal as policy instruments 
because they are intended to minimise the cost of pollution control. 
 
In this paper, carbon markets are defined as those markets associated with the trade of 
greenhouse gas emissions offsets and government-issued permits to emit greenhouse 
gases. Further, greenhouse gas emissions offsets are defined as tradeable quanta (in 
tCO2e) of sequestered greenhouse gases or avoided greenhouse gas emissions that can be 
used by organisations to reduce their net reportable gas emissions. The focus is specifically 
on forest-related greenhouse emissions offsets (including both explicit and implicit reporting 
requirements). A forest is defined as an area that is dominated by trees having usually a 
single stem and a mature or potentially mature stand height exceeding 2m and with existing 
or potential crown cover of overstorey strata greater than about 20%. This definition includes 
planted forests and natural forests and woodlands. 
 
The United National Framework Convention on Climate Change (UNFCCC) and the 
Conference of Parties (COP) of the signatories to the treaty, have been at the centre of the 
international climate change policy debate since 1990. At COP 3 (held in Kyoto, Japan in 
1997) most developed countries agreed to legally binding national greenhouse gas 
emissions reduction targets, and these formed the basis of the Kyoto Protocol (KP). The KP 
also made provisions for the role carbon markets could play in helping nations meet their 
national emissions reductions targets. These KP provisions have formed the basis of most of 
the regulated carbon markets now operating around the world (Hepburn 2007). 
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The KP also included guidelines for how signatory countries to the UNFCCC treaty – which 
were grouped as either Annex I countries (developed countries) or non-Annex I countries 
(developing countries) – could trade offsets between each other. Whilst the guidelines for 
trading offsets between Annex I countries were agreed upon relatively quickly, the guidelines 
for trading offsets between Annex I countries and non-Annex I countries were more 
complicated and controversial. Ensuing negotiations amongst UNFCCC signatories over the 
five years following COP 3 led to the agreement of various flexibility mechanisms which 
allowed Annex I countries to fund emissions reduction activities in non-Annex I countries. 
These flexibility mechanisms included Clean Development Mechanism (CDM) projects. 
 
Forests have featured prominently in the international climate change policy debate. The role 
of forests as substantial sinks of greenhouse gases is recognised in the principles of Land 
Use and Land Use Change and Forestry (LULUCF) included in the UNFCCC and KP. 
Forests have been included in the discussion on carbon markets as important sources of 
greenhouse gas emissions offsets. Forest-based offsets can be derived from reforestation 
and afforestation activities that sequester greenhouse gas emissions. Forest-based offsets 
can also be derived from avoided greenhouse gas emissions resulting from changed forest 
management practices and from the use of forest products for bioenergy production instead 
of non-renewable energy sources. The measurement and commercialisation of offsets from 
forest-related activities is a complex and often costly process. Many of the constraints to 
forest holders engaging in carbon markets are associated with this process of taking offsets 
‘from forest to market’ (Eliasch 2008). 
 
INTRODUCTION TO REGULATED CARBON MARKETS 
 
A number of regulated carbon markets have evolved concurrently with the international 
climate change policy debate. Table 1 lists these markets and summarises the rules for the 
use of forest-based offsets in the respective markets. These markets include the European 
Union Emissions Trading Scheme (EUETS), the New Zealand Emissions Trading Scheme 
(NZETS), the California Global Warming Solutions Act 2007 (AB-32) and the proposed 
Australian Carbon Pollution Reduction Scheme (the CPRS, a nation-wide initiative proposed 
to succeed the state-based New South Wales Greenhouse Gas Abatement Scheme). 
Offsets from forest-based activities feature in all of these schemes, whether as domestic 
afforestation projects in the NZETS, AB-32 and CPRS, or as components of afforestation 
and bioenergy based CDM projects in the EUETS. Notably, one other significant regulated 
carbon market – the Regional Greenhouse Gas Initiative, which involves several states in 
the north-east of the USA and an emissions trading scheme – does not recognise forest-
related projects as legitimate offset activities. 
 
There are also a number of mandatory renewable energy use schemes in operation in many 
countries; for example, the Australian Mandatory Renewable Energy Target scheme of 2007 
aims to achieve 20% use of renewable energy in the nation’s total electricity consumption by 
the year 2020. In general, these schemes require electricity retailers to source specific 
proportions of total electricity sales from renewable energy sources according to a fixed 
timeframe. Some schemes include trading systems that allow retailers to buy and sell 
renewable energy permits. Whilst forest products feature as important sources of renewable 
bioenergy in many of the schemes, the schemes do not technically comply with the definition 
of carbon markets used in this article. As such, the constraints on forest holders engaging in 
mandatory renewable energy schemes (which are typically associated with how the 
economics of wood supply affect the financial viability of forest product-based bioenergy 
manufacturing facilities) are not included in this review. 
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Table 1. An overview of how forests feature in various regulated carbon markets 
 
Regulated carbon market Rules for offsets from forests 
European Union Emissions  
Trading Scheme 

Clean Development Mechanism (CDM) unrestricted, no 
domestic afforestation (within EU), no Reduced 
Emissions from Deforestation or Degradation (REDD) 

New Zealand Emissions  
Trading Scheme 

CDM unrestricted, domestic afforestation, no REDD 
 

California AB-32 Only domestic afforestation, no international forestry 
offset trade permitted, no REDD 

Australian Carbon Pollution 
Reduction Scheme 

No afforestation CDMs permitted, domestic afforestation 
heavily supported, no REDD 

Regional Greenhouse Gas 
Initiative (USA) 

No afforestation allowed, no REDD 

 
INTRODUCTION TO VOLUNTARY CARBON MARKETS 
 
In addition to regulated markets, a number of voluntary carbon markets have emerged, 
including multi-member trading forums such as the Chicago Climate Change (CCX) and 
over-the-counter trades (OTC) between a small number of organisations (usually three or 
four). Forests have also featured prominently in these types of voluntary carbon markets. For 
example, the CCX has included provisions for offsets from afforestation projects in its rules. 
 
Some corporations have provided funding in support of Reduced Emissions from 
Deforestation and Degradation (REDD) projects in non-Annex I countries on a voluntary 
basis. These constitute so-called voluntary carbon markets. Most of these types of voluntary 
carbon markets have formed organisational arrangements around the projects to measure 
and commercialise emissions offsets. It is debatable whether corporations invest in these 
voluntary markets primarily for emissions reduction benefits or whether they invest for 
broader benefits of corporate social responsibility, corporate image and marketing. 
Regardless, these voluntary markets typically work to support a variety of other ecosystems 
services and social benefits, and hence offer substantial value to multiple stakeholders.  
 
The establishment of regulated carbon markets in developing countries has been limited by 
the capacities of developing country governments to fund the establishment and operation of 
the regulated carbon market trading schemes. Moreover, regulated carbon markets rely on 
the ability of firms that emit large volumes of greenhouse gas emissions to fund the buying 
end of the carbon market value chain. Regulated carbon markets also typically involve a 
substantial impact on the Gross Domestic Product (GDP) of the host country. Developing 
countries and the corporate sector in developing countries typically have relatively low 
capacity to deal with these challenges. Some countries have however developed ‘payment 
for ecosystem service’ (PES) schemes with support from aid agencies (as recently reviewed 
by Lasco and Pulin 2009). 
 
Voluntary carbon markets include a global-over-the counter (OTC) market for carbon offsets 
and a number of voluntary exchange forums, most notably the Chicago Climate Exchange 
(CCX). The CCX is a voluntary market but is subject to self-imposed regulation in the form of 
a cap on emissions, allocation of emissions that are tradable, and permitted offsets. As a 
consequence, CCX credits tend to be relatively commoditized and the market tends to 
operate in a way akin to regulatory markets. The flexibility offered by the voluntary carbon 
market offers two main advantages over regulatory carbon markets, namely lower 
transaction costs and no pre-approvals are required. These features present particular 
advantages for small-scale projects. For example, establishment of CDM carbon offset 
projects must be approved by the UNFCCC’s CDM Executive Board. This is a time-
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consuming process, the cost of which can range from US$50,000 to US$250,000. Further, 
the total upfront costs of a small-scale CDM project have been estimated to account for 
between 14% and 22% of the net present value of the project’s revenue from carbon credits. 
In 2007, voluntary carbon markets grew by 165%. However, the voluntary carbon market 
remains only a small fraction (about 2.2% volume-wide) of the size of the regulatory carbon 
market, which in 2007 transacted over 2959 Mt of carbon dioxide equivalent, valued at over 
US$66.4 billion (Eliasch 2008). 
 
AFFORESTATION CLEAN DEVELOPMENT MECHANISM PROJECTS 
 
The best opportunity for forest holders from developing countries to sell offsets in regulated 
carbon markets lies in CDM projects. CDM projects are development projects that are 
intended to result in avoiding greenhouse gas emissions and sequestering greenhouse gas 
emissions. CDM projects must also comply with a set of sustainable development criteria. 
Under UNFCCC provisions, CDM projects take place in a non-Annex 1 country and can 
involve project proponents from both non-Annex 1 and Annex 1 countries. In order to use 
CDM in UNFCCC-related regulated carbon markets, CDM projects need to be certified by 
the CDM Executive Board, an organisational unit of the UNFCCC. CDM projects can be of 
various types, including those that involve renewable energy development, less emission-
intensive forms of production and afforestation projects. 
 
In order to use the emissions offset products generated by CDM projects in UNFCCC-
orientated regulated carbon markets (such as the European Union’s Emission Trading 
Scheme, EUETS and the proposed Australian CPRS), CDM projects need to be certified by 
the CDM Executive Board (CDM EB), an organisational unit of the UNFCCC. The relatively 
complicated CDM EB certification process usually takes two years and involves transaction 
costs (such as independent auditing) of between US$50,000 and US$250,000 per project 
(depending on the location, scope and nature of the project). Of the 1000 or so CDM 
projects certified to date by the CDM EB (and of the 4000 or so in the certification ‘pipeline’), 
the clear majority have involved a proponent from an Annex 1 country who has assisted with 
financing the project and technical aspects of the project planning and management. 
 
The avoided or sequestered emissions resulting from CDM projects certified by the CDM 
Executive Board are known as Certified Emission Reduction Units (CERs). One CER is 
equal to one tCO2e of avoided or sequestered emissions. CERs can be traded as offsets in 
a number of regulated carbon markets (e.g. EUETS, the proposed Australian CPRS and the 
New Zealand Emissions Trading Scheme). Between 2003 and 2008 the sales price for 
CERs traded in various forums associated with the EUETS ranged from below 1 Euro per 
CER to over 35 Euro per CER. During March 2009, the sales price was approximately 8 
Euro per CER.  
 
To date, CDM projects defined as bioenergy projects have been more common than 
afforestation projects. Wood products from afforestation projects can validly be used as part 
of certified CDM projects. It is unlikely however that wood products from natural forests 
would be accepted as part of certified CDM projects defined as biofuel projects, given 
potential conflicts with accepted conceptualisations of sustainable development in the CDM 
certification process. Afforestation projects can be designed for the exclusive purpose of 
producing wood for use in bioenergy CDM projects. Afforestation projects would need to be 
designed to comply with the additionality provisions of CDM projects. Afforestation projects 
can be used for a variety of types of bioenergy, including both local small-scale fuel use and 
larger industrial level use. To comply with CDM requirements, the projects must supply wood 
products to an energy manufacturer and that energy manufacturer must use those wood 
products as a renewable source of energy instead of using a non-renewable source of 
energy. Afforestation and reforestation CDM projects have been slow to materialize. As of 
December 2007, although many projects were undergoing validation, only one afforestation 
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and reforestation CDM project (in China) had been approved since the commencement of 
the market (FAO 2008; Humphreys 2008). This slow uptake may in part be due to the 
complexity of the rules related to the markets. UNFCCC rules related to afforestation and 
reforestation CDM, due to their technical complexity, took two years longer to negotiate than 
projects in other sectors such as energy (FAO 2008). Once established, it was found that the 
rules were too complex for small-scale projects, and simplified rules and procedures for 
small-scale projects in low-income communities were only recently approved. Another 
reason for slow uptake has been the relatively high transaction costs of afforestation and 
reforestation projects (FAO 2008). In the regulatory carbon market, demand is regulation-
driven and participants are primarily concerned with the least-cost means of meeting their 
allowances. Therefore, the lowest cost offset projects – which are most frequently not 
afforestation and reforestation CDM − tend to dominate the market (Humphreys 2008). 
 
REDUCED EMISSIONS FROM DEFORESTATION AND DEGRADATION 
 
REDD is not part of any regulated carbon market as yet, although there is talk that it may be 
included within the next five years. So all carbon markets associated with REDD are 
voluntary, that is, they involve a sponsor (typically a corporation or government organisation) 
which pays the forest owner to protect the forest, and whilst the sponsor cannot use the 
'saved' emissions to offset their regulatory-related emissions liabilities, the sponsor can use 
the offsets in their company reports to 'informally' offset emissions and they gain good 
publicity and keep numerous stakeholders happy by 'investing' in an environmentally, 
socially and climate-friendly project. The 'story' behind a REDD project is a key to its 
commercial success in voluntary carbon markets. To demonstrate verifiable carbon benefits, 
REDD projects must design and implement: (1) an initial carbon inventory; (2) a baseline 
(which is a ‘without-project’ scenario for future forecast emissions); (3) continuing carbon 
monitoring; and (4) a transparent measurement verification program. One of the major 
challenges for REDD projects in developing countries in the tropics is the lack of information 
and processes for collecting data in relation to GHG emissions resulting from forest 
changes. The established process to obtain this information at a national level (currently 
primarily for policy and decision-making) is through field-based forest inventories and remote 
sensing technology (FAO 2006b). Whilst this practice is well established in developed 
countries, many developing countries lack resources and institutional capacity (FAO 2006b) 
and therefore tend not to have the necessary data in order to assess the carbon storage 
value and issues of leakage without further assessment and the associated upfront costs. 
 
This limitation also extends to a lack of efficient monitoring and verification capacity.  
Monitoring and enforcement are costly and measurement of carbon sequestration is often 
complex, particularly with respect to assessments of soil organic carbon (Van Kooten and 
Sohngen 2007). A trade-off often occurs between greater accuracy in emission assessments 
and the costs of measuring and monitoring carbon sequestration. Greater accuracy may 
involve the use of more complex models and therefore more complex rules. This may create 
greater scope for manipulation and lead to higher costs of participation in carbon markets, 
which in turn may lead to lower participation and lower efficiency of the market in reducing 
emissions (Karsenty 2008). 
 
‘Permanence’ refers to the possibility of reversal of carbon benefits as a result of: natural 
disturbances such as fires and unusual weather events; lack of reliable guarantees that the 
original deforestation and degradation activities and the associated emissions will not return, 
and uncertainty as to land ownership. Given that many developing countries in the tropics 
have a lack of rule of law and high levels of corruption, and may also have a high degree of 
political instability, the risk that a project will not be permanent can be high. 
 
A number of strategies have been identified to guard against such reversals. Some 
examples include: establishing contingency carbon credits; establishing partial instead of full 
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credits for stored carbon, discounted according to the perceived risk to permanence; 
insurance by the buyer or seller where the insurer will substitute credits from another carbon 
sink at the time of default or the occurrence of fire (Van Kooten and Sohngen 2007); and use 
a rental system for sequestered carbon, where a credit is leased for a finite term. Apart from 
insurance, each of these strategies involves progressive payments for credits arising from 
continued conservation. 
 
‘Leakage’ is the risk that an REDD project will simply lead to increased deforestation outside 
the projects boundary, thereby displacing rather than reducing deforestation. For these 
reasons, leakage is considered a GHG externality. REDD projects are particularly prone to 
leakage because they typically involve the discontinuation or avoidance of an economic 
activity. If no alternative livelihood option is provided to the agents of that activity, this may 
simply lead to a direct displacement of activities to another location (Aukland et al. 2003).   
 
The challenges related to leakage are how to design a project to minimize leakage, how to 
quantify any leakage that does occur, and how to monitor possible leakage. Leakage can be 
anticipated and accounted for and it can also be controlled as part of project design by 
addressing the demands for products or resources (such as fuelwood). Leakage was 
prominent among the concerns of environmental advocacy groups in relation to including 
forest carbon sequestration in the CDM provisions of the Kyoto Protocol (Murray et al. 2004). 
 
A major challenge for REDD projects is how to ensure that sufficient economic incentives for 
conservation are paid to firms, farmers and populations adjacent to forested land who often 
act as agents of deforestation and degradation. In many cases, communities local to tropical 
forests have a tradition of living off the forest resources or have grown accustomed to the 
revenue earned from forest harvesting. If REDD projects restrict access to these forests, the 
projects must incorporate payments to those local communities or create alternative means 
of those communities addressing their livelihood needs over the term of the REDD project. A 
lack of success in designing and implementing these projects will substantially increase the 
risk of lack of permanence and of leakage (Brown et al. 2000). 
 
The exclusion of REDD from the Kyoto Protocol continues to be a highly contentious issue. 
This is not only because of the magnitude of potential benefits from REDD, but also because 
forestry is a major resource for many developing countries, and the exclusion of REDD 
therefore has a substantial impact on the priority given by those developing countries to 
REDD and climate change. The Kyoto Protocol rules currently take account of deforestation 
and degradation  (and therefore also avoided deforestation and degradation) only in that it is 
included in the calculation of annual net GHG emission levels of Annex I countries (i.e. 
developed countries). Avoided deforestation and degradation was however excluded from 
the flexibility mechanisms, most notably the CDM, and therefore avoided deforestation and 
degradation in developing countries essentially continue to have no value under the Kyoto 
Protocol. 
 
There are various reasons why REDD has been excluded from the Kyoto Protocol’s first 
commitment period. These reasons relate to concerns about: (1) whether carbon emitters 
could use forestry-based offsets as a means to avoid making the necessary changes to 
reduce their energy-related emissions (Totten et al. 2003); (2) whether rules to prevent 
leakage and achieve ‘additionality’ could be adequately adhered to by smaller-scale REDD 
projects (Persson and Azar 2007); (3) how the definition of a ‘forest’ in the Kyoto Protocol 
does not adequately accommodate notions of emissions loss through forest degradation 
(Totten et al. 2003); (4) whether sufficient ‘carbon value’ would flow to local beneficiaries; (5) 
the influence of political interests at an international level and (6) whether the magnitude of 
compensation required (to provide sufficient incentive to national governments to not pursue 
land development policies focused on land uses such as intensive agriculture that provide 
higher short-term economic returns) would be economically feasible. These are also issues 
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that are commonly referred to in the debate about climate change policy to criticize the 
authenticity of REDD projects and to cast doubt on whether an emissions credit saved 
through REDD is equivalent to an emissions benefits achieved through more controllable 
climate change mitigation strategies such as emissions reductions. 
 
Considering these issues, in December 2005, at COP11 of the UNFCCC, Papua New 
Guinea and Costa Rica (supported by many developing countries) proposed that emissions 
from avoided deforestation be included in an UNFCCC compensation scheme to provide 
financial incentives for reducing emissions from deforestation. Then in December 2007 at 
COP13 in Bali, the potential inclusion of REDD in an international GHG emission reduction 
regime was a key topic and the resulting ‘Bali Action Plan’ encouraged formally included 
REDD as a potential mechanism for reaching emissions reductions targets. The decision 
relating to inclusion of REDD into the second commitment period will not be made until the 
next COP15 convention in 2009 in Copenhagen. 
 
Despite there being no specific decision made to include REDD at COP13, the endorsement 
of the need to incorporate REDD has sent waves across the voluntary markets (Humphreys 
2008). In anticipation of a decision to include REDD in the post-Kyoto international climate 
regime, a number of countries and organizations have initiated programs to support efforts to 
reduce emissions from deforestation (FAO 2007). These programs aim to provide additional 
sources of funding for REDD projects and are expected to boost the likelihood of REDD 
project development. Examples include the World Bank’s BioCarbon Fund and Community 
Development Carbon Fund, the World Bank’s ‘Forest Carbon Partnership Facility’ 
established in March 2007, the Australian Government’s ‘Global Initiative on Forests and 
Climate’, established in March 2007, and the Government of Norway’s announcement at 
COP13 of its contribution of about US$800 million annually over five years to provide 
support to initiatives that reduce emissions from deforestation and degradation. 
 
REDD projects have in the past typically involved a number of agents. A corporate sponsor 
may agree to purchase a large proportion of the credits generated and may directly fund the 
project or, by agreeing to off-take the carbon credits, underwrite funding by another entity. 
There may be funding support by a development bank or aid agency, or the national 
government of the host country. The local community and NGOs may provide funding, and 
often participate by providing services and people to carry out related extension work. These 
types of investors in carbon markets are likely to be motivated by a mix of reasons, including 
the desire to profit, the desire to reduce their exposure to corporate risk arising from current 
or future climate-change-related regulations, and the desire to contribute to and support the 
broader ecosystem service and social benefits of an activity such as REDD (Coomes et al. 
2008). Bayon et al. (2007) argued that investors in carbon markets look for ‘carbon’ that will 
give them the greatest political, public relations or ethical return for their investment. In this 
sense, investors’ preferences in carbon markets appear to be for ‘positive story’ projects that 
are non-controversial but charismatic project types, with public appeal, especially those that 
could represent long-term solutions to reliance on fossil fuels (Karsenty 2008). 
 
CONCLUSION 
 
In summary, three types of issues feature most prominently in constraining small-scale forest 
holders in the Philippines from engaging fully across the carbon market value chain. These 
constraints imply that small-scale forest holders typically: (1) lack sufficient technical skills 
across the gamete of forestry, commercial and legal compliance requirements to engage in 
carbon markets; (2) cannot afford the transaction costs involved in engaging in carbon 
markets; and (3) lack marketing skills and access to networks of buyers that would facilitate 
maximum revenue gain from carbon sales. Future research is needed into whether and how 
these issues can be addressed through Philippine government forest policy.  
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27. THE ACIAR TREE FARM PROJECT IN 
RETROSPECT 

 
Edilberto Nasayao  
 
 
This paper provides a brief synthesis of the workshop presentations and discussions. A wide 
variety of research activities have been undertaken, within the overall objectives of the ‘tree 
farm’ project as agreed to and funded by the Australian Centre for International Agricultural 
Research. Key areas of research have concerned forest policy (notably in relation to tree 
registration), tree inventory methods and yield modelling, timber market modelling, 
assessing attitudes of the various forestry stakeholder groups in relation to forestry and 
timber processing activities, and extension activities and monitoring extension impacts. 
While valuable information has been generated, a number of important questions still have 
to be answered before further research questions can be identified. 
 
 
INTRODUCTION 
 
The assigned task in this workshop presentation has been interpreted as providing a 
synthesis of the more than 20 papers which had been presented, and drawing conclusions 
as to ‘where we should go from here’. It is concluded that a stimulating collection of papers 
had been presented, many findings and ideas had been discussed, and it is no simple task 
to identify the critical results and issues, in a short presentation.  
 
Whatever research activity is undertaken – be it in agriculture, forestry or other area of 
natural resources management – the overarching objective is to uplift the socio-economic 
conditions of the local or wider community. This is a view shared by foresters and other 
workshop delegates. The denudation of natural forestland in the Philippines has lead to a 
decline in socio-economic opportunities for the uplanders who are currently destroying the 
forest. The ACIAR project is on the right track with its objectives of enhancing financial 
returns, which is the governing goal of this project. 
 
Herbohn (these Proceedings) stated that there are three component factors that have to be 
examined in the systems approach towards smallholder forestry research. As illustrated in 
Figure 1, these are: 
 

• people, and so far as this project is concerned, the smallholder farmers 
• trees, here again referring to smallholder tree farms, 
• economics, referring to economic benefits in terms of livelihoods, although in 

practical terms it would be more meaningful to translate this into monetary value. 
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Enhancing financial returns 

Trees 
(Smallholder 
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Economics 
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farmers) 

Policy improvement → Focus: tree registration 
 

 
 
Figure 1. Major tree farm research components from a systems perspective 
 
MAJOR RESEARCH ACTIVITIES REPORTED 
 
In the ACIAR Tree Farm Project which has been aimed at addressing these three 
components, the underlying goal of the research has been the improvement of forestry 
policy. An investigation into the condition of smallholder tree farming in particular in Region 8 
(Leyte Island), revealed tree registration as a bottleneck. Hence there has been a focus on 
policy research in relation to tree registration. In line with this research aim, wider studies 
and activities had to be undertaken because it is not simple or easy to develop 
recommendations to improve policy or to establish a basis for policy changes when the facts 
are unknown and the reasons for the problem unidentified. 
 
As demonstrated during the various workshop presentations, a great deal of information has 
been generated through various studies and activities, which in turn have produced a wide 
variety of outputs. One of these outputs is the yield models of Vanclay (these Proceedings), 
which are noteworthy as the models are very simple to use and provide helpful information. 
An inventory was also made of a large number of tree farms, and field trials were conducted 
on alternative silvicultural treatments, in particular thinning. An enormous amount of 
information had been generated in relation to attitudes, including the attitudes of tree 
farmers, as well as attitudes related to the implementers of the policy − a topic which 
enjoyed considerable exposure – and also the attitudes of the entrepreneurs engaged in all 
forms of business related to tree products. Worth mentioning are also the recent studies on 
extension (Gravoso et al. these Proceedings; Baynes these Proceedings) as well as studies 
focused on timber demand and supply (market modelling) as reported by Cedamon (these 
Proceedings). 
 
With these outputs in mind, DENR believes that this project has been successful in 
achieving its objectives, and has provided a stimulus for improving policy. In relation to tree 
registration, it is hoped this stimulus will lead to the improvement of this policy and eventually 
to increased financial returns. 
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WHERE TO FROM HERE? 
 
‘Shall we sit back and call this a success and rest on our laurels, maybe?’ The answer is a 
firm ‘no’ because there still remain questions which need to be answered, such as timber 
supply, demand and adequacy, as noted in the papers of Herbohn (these Proceedings) and 
Harrison and Mangaoang (these Proceedings). In DENR Region 8, buyers want to know 
where they can obtain timber, while tree farmers want to know how to find buyers to take their 
timber. While timber markets have been studied in the project – including surveys of tree 
growers and of timber entrepreneurs – there are still no concrete answers as to what the real 
problem is. Is the problem an absence of timber markets or is it a policy problem in relation to 
tree growing and selling? Cedamon (these Proceedings) in discussing timber market 
modelling, acknowledged that there is no definitive answer to this question as yet, and is 
continuing to investigate these timber market issues in his doctoral research. 
 

 
Questions still to be answered 

 

Timber demand and supply – buyers asking: ‘Is there 
timber?’ and farmers asking: ‘Are there buyers?’ 

Policy implication, a bottleneck 

Translation of R&D outputs to policy 
- partnership paradigm; researchers +DENR + others 

DENR versus LGUs: deputization or devolution?  
 

 
Figure 2. Questions in relation to tree farms and for which further research is warranted 

 
The question may be asked whether policy implementation still remains a bottleneck. As noted 
above, there has been some information generated and presented, and some questions raised, 
related to implementing policy and in particular tree registration policy. However, a rejoinder to 
these policy criticisms was offered by way of a question raised by one of the DENR officers 
during the workshop. A paper presented by Dr Poculan (these Proceedings) set out key 
legislation and regulations, and inter-agency cooperation in relation to the devolution of 
administrative responsibilities for tree regulation. This paper raises challenges concerning policy 
reform, and suggests that more research is required before the R&D outputs of this project can 
be transformed into policy documents. Dr Mangaoang (these Proceedings) suggested a 
devolution model, which contrasts with the responsibility sharing model of Dr Poculan. I would 
like to acknowledge the effort of Dr Mangaoang in involving decision-makers of the DENR to 
present in this forum. 
 
The question is whether we persist with the current regulatory framework in relation to tree 
registration, or seek to reform it? I think the answer depends on whether a workable alternative 
can be identified, and would advocate an examination of a form of partnership paradigm 
involving the DENR, researchers and others. As yet, there has been no consensus from project 
outputs as to the formulation of policy documents. We need to again look into the question of 
deputization of responsibilities versus complete devolution, in order to increase tree registration 
rates. 
 
I recall a presentation at an R&D national congress in Cagayan de Oro City which discussed the 
results of the devolution of a national function to local government. This paper reviewed the 
philosophy and progress behind the devolution and I believe we are challenged to draw from 
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previous experiences in devolution in other policy areas to formulate a policy for tree registration. 
A strong case can be argued for devolution of tree registration responsibilities, on the grounds 
that the time has come for local government to take greater responsibility for natural resources 
management, as demonstrated by experiences in other parts of the world. The national 
government faces the reality that they have limited resources to cope with this huge demand and 
great amount of responsibility. However, making major governance changes requires a solid 
basis of information, and in this case, on the interest, capability and resource base for local 
government to assume a greater role. In conclusion, I would urge further policy research. 
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