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ANNEX 6: BENEFITS FROM AGROFORESTRY
Background
Agroforestry – the integration of trees and shrubs with crops and livestock systems –
has strong potential in addressing problems of rural poverty and natural resource
conservation in the Philippines. Done well, it allows producers to make the best use of
their land and can boost crop yields, diversify income and increase resilience to climate
change.
Increasingly, people in the Philippines are migrating from fertile lowland areas, where
land is scarce, to more remote hillside areas. Such migration, together with inherent
high population growth, is forcing a transformation in forestland use to permanent
agriculture on fragile slopes and is creating a new suite of social, economic and
environmental problems.
Approximately, 25 million people in the Philippines live in the uplands and rely on
agriculture as the main source income. These people belong to the poorest people in
the Philippines. Figures for their annual income range from PhP15,000 to PhP50,000
per household. The standard of living is often low, and it is highly vulnerable due to
exploitative land cultivation.
The development of economically and ecologically sustainable land use practices is
essential in tackling these challenges. High potential for increasing incomes and
conserving the forest ecosystem exists by using improved agroforestry practices,
including a better crop choice and better crop and input management practices.
Sustainable agroforestry systems have to include highly profitable cropping solutions to
increase smallholders’ income, reduce resilience to climate change and prevent the
negative impact of externalities in the whole watershed, which result from unsustainable
land cultivation practices on individual farms in the uplands.
Results
Results from different studies accomplished in the Environment and Rural Development
(EnRD) Program show that there is potential for an improved income generation from
agroforestry, but at the same time, there are challenges in making use of these
potentials. Upland agriculture in the Philippines is often characterized by:



Limited material input, because of scarce financial resources and poor access to
financing;
Limited provision of extension services;





Unsystematic, “all mixed up” way of farming;
Limited access to market; and
Absence of land use rights.

Primary data from GIZ project sites show that cash crops such as abaca, coffee, cacao
and rubber can provide substantial benefits to upland farmers (Table 1). However,
access to markets and extension are some of the main challenges for farmers
cultivating these crops. Cooperation with the private sector can overcome these
challenges as GIZ’s experience on Public-Private Partnership projects show. Through
joint projects with the private sector, upland farmers can be integrated into agricultural
value chains, while providing them a secure market access and extension service for a
professionalized crop production.

Table 1: Economic performance of different agroforestry crops
Crop

N*

Abaca
Camote
Cassava
Cacao
Coconut
Coffee
Corn
Jackfruit
Lanzones
Mango
Pineapple
Rambutan
Banana
Durian
Gabi

18
30
31
5
78
12
15
27
16
14
15
11
37
7
9

Rubber

5

Gross
Return to
NPV
Price per
th
th
kg
margin 25
labor 25
year
year
PhP/ha PhP/man day
PhP/ha
PhP/kg
23,913.39
327.72
266,651.50
28.02
7,824.87
151.40
99,300.90
10.01
3,625.45
169.97
23,139.90
20.36
54,718.00
788.40
234,597.60
53.60
55,284.59
997.59
162,404.84
27.29
20,270.42
880.50
200,068.22
27.75
9,619.60
562.27
267,095.11
15.73
48,086.89
302.85
-96,634.52
30.49
12,319.50
762.06
20,104.38
20.88
59,709.57
990.86
147,912.21
29.50
-12,961.80
113.13
-90,789.93
22.40
-15,668.00
99.55 -251,900.77
9.27
5,402.84
275.24
7,300.32
11.62
68,243.71
1,154.86
268,536.86
43.00
-123,860.00
49.44
12.22
1,124,282.67
93,748.80
1,139.60
320,011.80
47.80

Fruit tree cultivation is increasing in the Philippines’ upland. Despite fruit tree integration
providing economic benefits to upland farmers (Table 1), data show that fruit trees play,

so far, a minor role in contributing to upland farmers’ source of income. Most fruit trees
are often either not at a harvestable age or do not bear fruits through poor
management. However, well-managed fruit tree orchards are economically viable and
contribute to an improved provision of ecosystem services (e.g. water storage, carbon
sequestration, biodiversity) for the whole watershed – from the upstream to the
downstream part.
Based on primary data collection, it was found that agroforestry systems can importantly
contribute in building up carbon stocks on degraded forestland. The highest mean
carbon stock was observed in a coffee agroforestry system with 30.4 Mg C per ha.
Other than the coffee-based system, the timber-based systems had the highest mean
carbon stocks with timber and root crop systems at 19.4 Mg C per ha and timber and
fruit tree systems at 15.9 Mg C per ha.
Even where certain trees and woody perennials can bring clear benefits, they are often
a long-term investment. Resource-poor smallholders can be reluctant to allocate land to
trees when it might take years to reap the rewards. Especially in circumstances where
most upland farmers have no tenure security, they hesitate to invest in agroforestry
systems. Results of a GIZ study on the impact of land tenure security on cultivation
practices found that having a tenure agreement for a plot significantly increases the
number of trees on the land, compared with plots without any formal agreement. On
average, the number of trees nearly triples, if a plot is under CBFM or CSC.
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Foreword
The Centre for Rural Development (SLE) at the Humboldt-Universität zu Berlin has
trained young professionals in the field of international development cooperation for
49 years.
Three-month consulting projects conducted on behalf of German and international
development organizations form part of the one-year postgraduate course. In
multidisciplinary teams, young professionals carry out studies on innovative futureoriented topics, and act as consultants. Including diverse local actors in the process
is of great importance here. The outputs of this applied research provide an
immediate contribution to the resolution of development problems.
Since its inception, SLE has completed more than one hundred consulting projects in
over ninety countries. Study results are published in this series.
In 2011, SLE teams completed studies in Moldova, Cameroon, Uganda and the
Philippines.
The present study was commissioned and co-financed by the Advisory Service on
Agricultural Research for Development (BEAF), a project of Deutsche Gesellschaft
für Internationale Zusammenarbeit (GIZ) GmbH.
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Abstract
The remaining forests of the Philippine uplands are under great pressure. While an
increasing number of upland dwellers depends on agriculture as their only source of
income, the government simultaneously aims to conserve the remaining forest.
Complex and often conflicting regulations on land-use rights are further complicating
this situation.
This study examines the extent to which agroforestry can be a sustainable land use
option and thus help to resolve this conflict between conservation and income
generation aims. A total of 100 agroforestry parcels in the provinces of Southern
Leyte and Misamis Oriental were analyzed and stratified according to their main crop;
and a combination of primary data from interviews with 107 farmers, expert opinion,
and secondary literature sources was used to evaluate the sustainability of six
different types of agroforestry systems.
The study revealed that timber tree based agroforestry systems are most
sustainable, followed by rubber-based and coffee-based systems. However, timber
tree based agroforestry in the Philippine uplands has drawbacks; farmers often
struggle to get the legal permits required to harvest trees. In addition, once trees are
harvested, farmers often opt to replant annual crops due to low prices for wood. In
terms of income generation rubber-based agroforestry achieved by far the best
results. But independent of the type of agroforestry system, good results on socioeconomic indicators are not due to the crop selection alone. A major contribution is
good management practices during the transition period (i.e., the time from planting
to the first harvest of perennial crops). Availability of training and extension services
for the transition period are decisive factors contributing to this success. In contrast,
low scores on socio-economic indicators can be attributed to inadequate farm
management practices (e.g., fertilizing, pruning, rejuvenating, pest control), to the
use of low-quality seedlings, and to the old age of respective perennial plants.
With only a few exceptions, the study results confirm that farmers without secure and
long-term land tenure earn less income. However, the assumption that there is a
trade-off between economic benefits and environmental services could not be
confirmed. Based on these results, a set of recommendations is provided.
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Executive summary
Study context
In the Philippines, more than a quarter of the country’s population (i.e., approx. 25
million people) live in upland areas. Many depend on farming as their only source of
income. Most of the uplands are forest land, so they belong to the Department of
Environment and Natural Resources (DENR). DENR’s primary aim is the
conservation of natural resources. Many other national and local agencies are also
involved in managing the uplands.
As a result, regulations related to land ownership and use rights are complex and
often conflicting. Many farmers suffer from insecure land tenure, discouraging them
to make long-term investments like planting trees on their fields. Uncertain land-use
rights also contribute to illegal logging and uncontrolled conversion of forest land to
other forms of use.
In previous decades, most of the Philippine’s forests have been lost. Such
deforestation has provoked many negative consequences, including soil erosion,
water scarcity, flash floods, landslides – and the loss of farmer’s subsistence.
This study examines the extent to which agroforestry systems in the Philippine
uplands are a sustainable land-use. Sustainability in this context is defined as a
practice that protects the environment, particularly forest lands, from degradation
and, at the same time, provide a foundation for the upland farmers’ livelihood,
including sufficient income and social wellbeing.
In order to assess such diverse land-use systems in terms of their potential to
generate environmental, economic and social benefits, the study team developed the
Model for Assessing the Sustainability of Agroforestry Systems (MASAS). Through
MASAS, the three dimensions of sustainability, that is, environmental, economic and
societal, are operationalized by a set of indicators that are measured using
quantitative data and qualitative information. A scoring mechanism allows these
measurements to be combined, so an overall score representing the level of
sustainability of an agroforestry system can be calculated.
The study was carried out in five municipalities in Southern Leyte Province on Leyte
Island, Eastern Visayas, and in the municipality of Claveria, Misamis Oriental
Province, Northern Mindanao.
Altogether, 100 agroforestry parcels were examined. To facilitate specific, yet
comprehensive conclusions and recommendations, these agroforestry systems were
grouped (i.e., stratified) into six strata named after their main crop, including banana,
coconut, coffee, rubber, fruit tree, and timber tree based agroforestry systems.
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Findings
The study revealed that by our metrics timber tree based agroforestry systems are
the most sustainable, followed by rubber-based and coffee-based systems. In
contrast, banana and coconut-based systems score lowest. However, despite its
impressive score, timber tree based agroforestry in the Philippine uplands is not
completely free of problems. For example, farmers often struggle to get the legal
permits and permission required to harvest and transport their trees. In other cases,
farmers do not want to plant trees since they have not managed to secure long-term
land-use rights.
The assumption that coconut and banana-based agroforestry systems are not able to
provide the same (or nearly the same) environmental services (e.g., soil protection)
as tree-based systems was confirmed. Coffee and timber tree based agroforestry
systems scored best on the environmental indicators, followed by rubber and fruit
tree based systems.
Regarding socio-economic aspects, the fruit tree based agroforestry systems
achieved the lowest scores, with coconut-based systems performing only slightly
better. In other words, on average, these systems provide the fewest socio-economic
benefits to the farmers in the study area. However, there are exceptions with good
scores on the socio-economic indicators. The higher scores are explained by
differences in the way these farms are managed. In most cases, low scores for the
socio-economic indicators could be attributed to inadequate farm management
practices (e.g., fertilizing, pruning, pest control), to the use of low-quality seedlings
and, in some cases, to the high age of respective perennial plants (especially
coconut).
The rubber and timber tree based systems achieved the best socio-economic results.
A major contributing cause to these high scores was proper management of the
transition period (i.e., the time it takes from planting to the first harvest of perennial
crops). Availability of training and advice for the transition period and the systems
overall were major factors contributing to the success of these systems.
In preparation for this study, one assumption was that, within agroforestry systems,
there is always a trade-off between economic benefits and environmental services.
However, this assumption was not confirmed since the combined scores for all socioeconomic indicators correlated positively with some environmental indicators.
Another interesting finding was that agroforestry systems established on steep
slopes, if properly managed, did not necessarily provide less environmental services
or socio-economic benefits than those located on flatter terrain. This is a positive
result for upland farmers who have no choice other than cultivating sloping lands.
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An important finding of the study is that land tenure does influence the farmer’s
income. With only a few exceptions, the study results confirmed that farmers without
secure and long-term land tenure earn less income. For example, all farmers
cultivating public land under an official temporary tenure instrument only had low
revenues.
Recommendations
When promoting agroforestry, species selection and site matching are not the only
important aspect influencing the sustainability of agroforestry systems. Providing
training and advice to agroforestry farmers on required site and crop management
practices is equally important.
Good management practices also include the production and use of quality
seedlings, fertilizer and pesticides. Many farmers lack the necessary knowledge of
how to properly use fertilizers and pesticides as well as the financial resources
necessary to purchase them. Alternative and cost-efficient options (chicken dung,
vermicomposting, integrated pest management) should be further explored and
promoted to remedy this. Particularly in Southern Leyte, these techniques are not yet
widely known. Here, training on how to produce and use organic fertilizers and/ or
nitrogen-fixing species could help to improve the performance of agroforestry
systems.
High-quality fruit and rubber tree seedlings are fairly expensive and consequently
unaffordable to smallholders. However, initial experience from some People’s
Organizations in Southern Leyte demonstrate that tree nurseries managed by
farmers can produce high quality seedlings and generate additional income for
farmers. In recognition of this, we recommended expansion of support for tree
nurseries.
Providing more specific capacity building on how to bridge the transition period is
highly recommended for all types of agroforestry systems. In addition, material
support should be provided in order to make sure that the relatively high initial
investment needs resulting from enhanced transition management can be met.
In this study, using the MASAS approach, banana and coconut-based agroforestry
systems were identified as the least sustainable agroforestry systems examined in
Southern Leyte and Claveria. However, there is great potential to improve these
widely used systems. Better farm management practices along with increased
integration of other perennials, especially fruit and timber trees, would result in these
systems providing increased environmental services and generating enhanced socioeconomic benefits.
In Claveria, most farmers who apply innovative techniques (e.g., use of organic
fertilizers) do so due to the support they received from the Claveria Landcare
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Association. One main factor that has helped establish Landcare in Claveria was the
cooperation with the scientists of the World Agroforestry Center (ICRAF) and the
utilization of existing socio-cultural networks, including farmers’ organizations,
women’s groups and religious communities. It is highly recommended to support a
similar process in Southern Leyte connecting, for example, Visayas State University
in Baybay and Southern Leyte State University in Maasin City with existing social
networks of upland farmers.
The results of this study also show, that upland farmers with secure land-use rights
achieve a higher income than farmers without such rights. At the same time, the
former are more willing to plant trees. Therefore, it is recommended to work towards
more secure tenure rights for all agroforestry farmers in the uplands. In doing so, one
major objective should be to reduce the number of agencies involved in granting land
ownership and land-use rights, thus increasing farmers’ abilities to attain secure land
tenure.
Despite good overall results in the assessment, a high number of farmers said that
they were not willing in engage in timber farming again. Many had to sell their timber
far below the officially estimated farm gate price and far below the price they had
imagined. Another problem relates to the issuances by DENR of resource use
permits (RUP) that are required to harvest trees. For farmers, such permits are
difficult to obtain. For this reason, we recommend that timber tree based agroforestry
systems should only be actively promoted by development projects and agents if tree
harvest rights can be secured. At the same time, farmers should be supported in
getting better access to information about market prices of different types of timber.
The study also revealed that many farmers hesitate to grow certain promising crops
(e.g., coffee, cacao or rubber) because they see no available market. Therefore, it is
also recommended to support the development of existing and new markets for these
crops, especially in Southern Leyte. One way of doing this could be through
brokering public private partnerships (PPP).
Finally, in conducting this study, the need for further agroforestry research became
apparent, including the role of transition management in securing economic returns,
the measurement of carbon stored in agroforestry systems, and the assessment of
biodiversity in complex land-use systems.
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1 Introduction
1.1 Agroforestry
1.1.1 Concept and definition
Agroforestry combines agriculture and forestry to provide a sustainable1 alternative to
clear-cutting and slash-and-burn methods when utilizing forest lands. According to
the definition by LUNDGREN & RAINTREE (1982):

“Agroforestry is a collective name for land-use
systems and technologies where woody perennials
(trees, shrubs, palms, bamboos, etc.) are deliberately
used on the same land management unit as
agricultural crops and/ or animals, either in the same
form of spatial arrangement or temporal sequence”.

Increasing the tree cover of farms within an agroforestry system can provide multiple
benefits; it protects the soil from direct solar radiation and erosion, helps capture
water and nutrients and can imitate a multi-story canopy, similar to the natural forest
vegetation (BAYABOS 1991: 138-141; MERCADO 2007).
Furthermore, agroforestry represents a sustainable way to produce sufficient food
and generate income. Timber provided by agroforestry systems is used for
construction and firewood. Agroforestry systems traditionally produce a broad variety
of products including fruits, vegetables, spices, resins, and medicines. These
products are used primarily to meet household needs but also to generate significant
income through the sale of such products in local and international markets
(ROSHETKO et al. 2007; AHRENS et al. 2004). Nutrients for the crops may come
from animal manure and/ or leaf material, allowing inputs required for an agroforestry
system to be relatively low.
Photo 1 illustrates an agroforestry system that combines coffee (woody perennial)
and corn (annual food/ food crop).

1

In this study, the term sustainability is understood to comprise an economical, ecological and social
dimension as further explained in section 3.1 Approach.
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Photo 1: Coffee and corn alley cropping system in Claveria

Photo: SW

1.1.2 The history of agroforestry
Combining diverse and multi-story annual and perennial crops on the same land is
an ancient practice that farmers around the world have used in many agro-ecological
zones. Moreover, throughout its history, agroforestry has utilized common
techniques. In the Philippines, the indigenous people Hanunuo practiced a complex
type of shifting cultivation, with trees as an integral part. In clearing the forest for
agricultural use, they intentionally spared certain trees. By the end of the rice-growing
season, their crowns provided partial shade to protect the soil and maintain soil
moisture. Trees provided the Hanunuo with mushrooms, wood, and medicines, thus
incentivizing their protection and incorporation into farming practices. Traditional
agroforestry systems were highly valued because they permitted farmers to use land
for multiple crops simultaneously and to reduce erosion. In the last century, the
importance of agroforestry grew in response to the massive loss of forest land and
threats to forest biodiversity (NAIR 1993: 3-4).
Many important developments in the 1970s contributed to the general acceptance of
agroforestry as a system of land management applicable to farms and forests. These
included the world food crisis, especially for the rural poor, the re-assessment of
development policies by the World Bank, a re-examination of forestry policies by the
Food and Agriculture Organization of the United Nations (FAO), and the increasing
spread of ecological degradation. Robert McNamara, former president of the World
Bank, had some severe but clear words at that time: “The miracle of the Green
Revolution may have arrived, but, for the most part, the poor farmer has not been
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able to participate in it. He cannot afford to pay for the irrigation, the pesticide, the
fertilizer, or perhaps for the land itself, on which his title may be vulnerable and his
tenancy uncertain” (NAIR 1993: 5). Agroforestry was increasingly seen as an
appropriate land-use technology able to address some of the biggest challenges to
sustainable development simultaneously: food production, income generation,
protection of natural resources (particularly forests) and biodiversity conservation.
In 1977, the International Council for Research in Agroforestry (ICRAF) was founded
to institutionalize the ancient practice of agroforestry, as well as to promote
agroforestry research and development around the world (NAIR 1993: 5-11). By the
early 1990s, ICRAF’s research began to strengthen the scientific foundation for
agroforestry ushering in the transformation from “being an indigenous practice of
great potential and romantic appeal to becoming a science-based system for
managing natural resources” (DENNING 2002: 1). Consistent with this development,
ICRAF became a member of the newly established Consultative Group for
International Agricultural Research (CGIAR) in 1992.
Today, for more than three decades, agroforestry has been actively promoted to
smallholders in developing countries. ICRAF – known today as World Agroforestry
Center – has supported this work around the world. As a result, agroforestry is widely
recognized as a land-use system, particularly for small-scale farmers, which is able
to make a contribution to produce both agricultural products and timber meanwhile
protecting and rehabilitating ecosystems (NAIR 1993: 11).

1.1.3 Agroforestry and the international development agenda
The Millennium Development Goals (MDGs) of the United Nations (UN) were agreed
upon with the objective to reduce poverty and hunger, and to ensure a healthy
environment globally. In order to achieve these aspirations, a holistic and
international strategy is needed. Agroforestry can make an important contribution to
achieving the MDGs as the technology allows production of food (Goal 1: To
eradicate extreme poverty & hunger) and helps to protect and incentivize planting
trees (Goal 7: To ensure environmental sustainability) on the same piece of
agricultural or forest land. Expanded tree planting and the utilization of organic
material as fertilizer, for example, can improve enterprise opportunities on smallscale farms and reduce malnutrition (GARRITY 2006: 3).

1.1.3.1 Climate change
Trees play an important role not only concerning local ecological integrity but also in
their ability to mitigate global warming. Through absorption of carbon dioxide (CO2) in
the process of photosynthesis, they store carbon in their biomass. The UN
Framework Convention on Climate Change (UNFCCC) is working with several
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approaches to create financial value for carbon sequestered by trees and forests.
One of the strategies under the Clean Development Mechanism (CDM) for climate
change mitigation is to provide incentives to safeguard and enhance areas planted
with perennial vegetation. Another United Nations’ initiative is REDD+2, which aims to
reduce emissions from deforestation and forest degradation and recognizes the role
of conservation and enhancement of forest carbon stocks. If agreed and
implemented by the global community, REDD+ could offer incentives for developing
countries to reduce carbon dioxide emissions from forested lands and invest in lowcarbon paths to sustainable development (FAO 2011: xi-xii). Agroforestry can be
seen as a potential pillar of those approaches. Integrating trees into agricultural
landscapes on a massive scale would create an effective carbon sink, while ensuring
sustainable food production, particularly in upland ecosystems.

1.1.3.2 Pressure on the world’s forests
Finally, the integration of marketable timber into agricultural land-use systems can
contribute to lower the pressure on the remaining intact forest landscapes on a global
scale. Approximately 13 million hectares of forest were converted into other landuses each year over the last decade (FAO 2010: xiii). Sustainable forest
management and forest certification schemes are ambitious initiatives to protect
those remaining forests. Developments during the past decades, however, have
shown that those approaches alone cannot satisfy the growing demand for forest
products. For this reason, the pressure on the world’s forests remains high. The
production of timber in agroforestry systems can help ameliorate this problem.

1.1.4 Agroforestry in the Philippine context
Desperate poverty is decreasing in Southeast Asia but prevails in marginal, remote
upland areas. Today, in the Philippines, approximately 25 million people, more than a
quarter of the country’s total population, live in upland areas3, a considerable share of
whom in poverty. Most of them depend on small-scale farming as their only source of
subsistence and income (CARANDANG 2005; MERCADO & SANCHEZ 2006: 1).
The Philippines is one of the most important biodiversity hotspots in the world and at
the same time is one of the most biologically threatened countries in South-East Asia

2

The UN-REDD Programme is the United Nations Collaborative initiative on Reducing Emissions from
Deforestation and Forest Degradation (REDD) in developing countries. It is a theoretical approach to
create a financial value for the carbon stored in forests. UN-REDD+ goes beyond this first approach. It
also includes the role of conservation, sustainable forest management and the enhancement of forest
carbon stocks in developing countries (FAO 2011: xi; UN-REDD 2011).
3
In the Philippines, uplands are areas with slopes of a gradient of 18 percent or higher. Around 55
percent of the Philippines’ total land area is declared as upland (Kummer 1992: 86).
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due to the loss of natural forests and species richness (MYERS et al. 2000). Since
the early 20th Century, the country has lost more than 50 percent of its forest cover
(GUIANG & CASTILLO 2006: 1). Of the almost 95 percent primary rainforest cover
reported in the 16th Century, approximately three percent remains (HEANEY 1998;
MYERS et al. 2000). In the 1980s and 1990s, the average deforestation rate was
approximately 200,000 hectares per year (PASICOLAN 2007: 65). Forest loss has
negative consequences for upland and lowland human populations and ecological
function including soil erosion, water scarcity, flash floods and landslides. Upland
environments are very complex and diverse systems, yet they are also risk-prone
due to thin soils and steep slopes. For poor upland farmers, the enormous loss of
income caused by such damage can be extremely painful.
In many upland areas in the Philippines, agroforestry has a long history as a
cultivation practice. Upland farmers can benefit from practicing agroforestry in terms
of risk4 reduction and income generation; agroforestry practices promote soil and
water conservation leading to improved yields and a more sustainable level of
agricultural productivity. Agroforestry can provide the main source for securing the
necessities of life for upland farmers.
Insecure land tenure remains a challenge to the implementation of agroforestry in the
Philippines. Many farmers either have no land-use rights at all, or their tenure is only
for a limited time period. Therefore, to farmers, long-term investments involving trees
are not attractive.
In the Philippines, most of the upland areas are declared as forest land belonging to
the Department of Environment and Natural Resources (DENR). In consequence,
forest and related land-use policies are regulated mainly at the national level.
However, accountability, responsibility and authority in the protection and
management of forest land remain vague. Incentives and rights under different types
of tenure and land allocation instruments are often neither defined nor fully
implemented. Therefore, unresolved land-use and ownership issues impede
sustainable forest management and the development of agroforestry systems.
To combat climate change, the Government of the Philippines has committed to
modernize the country’s forest and land-use policies. An impressive example of this
is a new initiative, the National Greening Program (NGP). On the occasion of the
International Year of Forests proclaimed by the United Nations, the NGP was
approved by President Benigno S. Aquino in February 2011. Backed by Executive
Order No. 26, the Government has the intention to plant 1.5 billion trees during a sixyear period from 2011-2016, covering about 1.5 million hectares (DENR 2011: 2).

4

Risks include pests, crop failure, soil degradation and many others.
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Another program run by the Philippine Government is the Community-Based Forest
Management (CBFM) program. Approximately 500,000 hectares of the CBFM area
can be used for agroforestry, representing important ecological habitats and playing
an important role for carbon storage. It is estimated that those areas store 25 million
tons of carbon while sequestering 2.7 million tons of carbon annually (LASCO et al.
2010).

1.2 The study
1.2.1 Problem definition
Agroforestry has been on the development agenda for several decades. As outlined
in Section 1.1, the technology customarily evolved and was later advocated as a
solution, often in combination with other efforts, to a wide range of complex and
interwoven problems resulting from unsustainable farming and forest exploitation,
especially in tropical upland conditions. Among others, these problems include:
!

Nutrient loss, soil degradation, erosion and soil desiccation;

!

Farm pests and diseases;

!

Limited availability and affordability of inputs required for farming;

!

Unstable and insufficient food production and income generation, inefficient
use of land for production – all of which may result in hunger and poverty;

!

Environmental degradation, loss of natural habitats, deforestation;

!

Lack of wood for construction and energy generation;

!

Loss of biodiversity, including crop diversity (wild species, ancient varieties);

!

Climate change from micro to macro level and the resulting increase of the
intensity and frequency of natural disasters; and

!

Loss of livelihood and cultural values.

1.2.2 Clients and partners of the study
1.2.2.1 Environment and Rural Development Program (EnRD)
In order to improve the economic situation of upland farmers in the Philippines and to
enhance environmental protection on sloping lands, the Environment and Rural
Development Program (EnRD), through its CBFM component and with financial and
expert support given by the German Development Cooperation (GIZ), promotes
agroforestry development in the province of Southern Leyte, Eastern Visayas.

1.2.2.2 The GIZ-REDD project
At the same time, EnRD’s partner project Reducing Emissions from Deforestation
and Forest Degradation in the Philippines (GIZ-REDD) has launched pilot activities in
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Southern Leyte aimed at mitigating climate change and providing REDD co-benefits.
Such co-benefits can include biodiversity conservation, sustainable forest
management and poverty alleviation (FAO 2011: xi).

1.2.2.3 The Philippine program of the World Agroforestry Centre (ICRAF)
The Philippine program of the World Agroforestry Centre (ICRAF) provides advisory
services, among others, in Claveria Municipality, Misamis Oriental Province, Northern
Mindanao. Their emphasis is on the development of sustainable agroforestry
systems to promote rehabilitation of landscapes affected by erosion.

1.2.2.4 Advisory Service on Agricultural Research for Development
Financial support for the study was provided by the Advisory Service on Agricultural
Research for Development (BEAF), a GIZ project that is implemented with funding by
the German Federal Ministry for Economic Cooperation and Development (BMZ). In
supporting agricultural research, particularly in developing countries, BEAF provides
valuable help in improving food security for the growing world population (GIZ 2011).

1.2.2.5 Visayas State University (VSU)
Last but not least, the Visayas State University (VSU) headquartered in Baybay City,
Leyte, Eastern Visayas, became an important partner in the implementation of the
study. VSU scientists from multiple departments (incl. the Department of Economy,
the Department of Pest Management, the Institute of Tropical Ecology, the College of
Forestry and Natural Resources, and the Department of Agronomy and Soil Science)
and students were available to serve as resource persons, and assisted in field work
and data collection.
The university has a long tradition in educating agroforestry professionals and
conducting agroforestry research, and has pioneered the restoration of Philippine
forests using the rainforestation approach that centers around the promotion of native
tree species.

1.2.3 Cooperation with local counterparts
The SLE study team’s approach focused on the inclusion of local partners and
counterparts as much as possible. A very high level of collaboration was maintained
through the entire study period. The team was headquartered at VSU in Leyte, with
additional work carried out at ICRAF Mindanao’s base in Claveria. There was a great
deal of cooperation and interaction with both VSU scientists and ICRAF experts.
Besides the help received from experienced VSU and ICRAF staff, young
researchers and students from both institutions were involved in data collection, data
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analysis and report writing. Naturally, in the course of this collaborative work,
experiences were shared and capacity built on all sides.
Two counterparts, Dr. Renezita Sales-Come and Zara Lee Casillano, became full
members of the team and authors of this study.

1.2.4 Rationale of the study
By commissioning this study, GIZ (EnRD, GIZ-REDD, BEAF) and ICRAF wanted to
determine if agroforestry systems and similar forms of land-use5 can serve as a
vehicle for the sustainable management of natural resources and poverty alleviation
in the project areas they have been supporting. They were interested in
understanding the extent to which the prevailing agroforestry systems in the uplands
of Southern Leyte and Claveria generate sufficient income for the farmers while
providing environmental services on lands that were originally covered by natural
forests. GIZ and ICRAF also wanted to learn from each other in order to improve
their advisory services in the field of agroforestry development, and to enable Filipino
upland farmers to manage their resources sustainably.

1.2.5 Objectives of the study
In accordance with the clients’ interests, this study examines the extent to which
agroforestry and similar land-use systems can contribute to income generation,
environmental protection and social welfare of upland farmers in the Philippines.
Through this process the study is expected to help improve the advisory services
rendered by GIZ and ICRAF, and to enhance their capacity to contribute to the
national and international discourse on the role of agroforestry in sustainable land
management. Furthermore, it is anticipated that gradually improved agroforestry
systems in the project areas of GIZ and ICRAF may serve as an example for
replication elsewhere. The comprehensive objective of this study is that upland
farmers in the Philippines increase adoption of agroforestry practices that are
optimized in terms of income generation, environmental services and social benefits.
A more detailed description of expected outputs, outcomes and impacts of the study
is presented in Appendix 1.

5

Not all land-use systems advised by ICRAF and GIZ in the study area are agroforestry systems by
the definition quoted above (see section 1.1.1). In some of these systems, also non-woody perennials
(such as banana and abaca) are used for intercropping. In this study, such systems are not excluded
but also considered when the term agroforestry is used.
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1.2.6 Limitations of the study
For many years, EnRD and ICRAF have been providing advice on agroforestry
development in their respective project areas. Both actors are interested in knowing
how effective their advisory services actually are. Such an evaluation, however,
would require a different methodological approach, which would go beyond the scope
of this study (see also Section 5.4 – Further study needs).
However, the study does examine the availability and reliability of extension and
other support services for upland farmers to determine if there is a correlation
between successful agroforestry systems and the provision of extension services.
The study also evaluates whether there is a relationship between successful
agroforestry systems and membership in farmers’ organizations. The study attempts
to answer the question if organized farmers have better agroforestry systems.
The REDD/ REDD+ mechanism is relevant to the investigation of agroforestry
systems, and the study does take into account climate-relevant aspects like carbon
storage. However, providing a definitive answer to the question of how agroforestry
could become a suitable avenue for the implementation of REDD/ REDD+ programs
would exceed the framework of this inquiry.
One hypothesis regarding agroforestry systems is that environmental sustainability
may not be compatible with income maximization. Payments for environmental
services (PES) could be a promising mechanism to circumvent this problem. This
study, however, does not deal with PES. It might be an interesting field for a followup study.
In consultations between ICRAF, GIZ and SLE, it has been decided that the
assessment approach and tools developed for this study will be shared with the SLE
team’s clients, their counterparts and other stakeholders through a series of
presentations, and by disseminating the study report. However, due to the limited
time available, the provision of training to interested stakeholders on how to assess
the sustainability of agroforestry systems was not part of this study.
Due to the extreme natural and social diversity of the Philippines, the transferability of
the study results to other areas of the Philippines and broader regions will be very
limited. The study team has taken these limitations into account when elaborating
their recommendations. The assessment approach, however, would in principle be
transferable.
Finally, the SLE team is aware of the fact that an inquiry into the sustainability of any
type of land-use system also needs to look at the system’s impact on biodiversity.
However, given the complexity involved in any form of meaningful biodiversity
assessment and the resources required for it, the team has decided this is beyond
the scope of this report. This is a significant but unavoidable limitation of this study.

10
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1.2.7 Study sites
Study sites were determined in close consultation with GIZ, ICRAF, VSU, SLE, local
government agencies and upland farmers during study preparation. It was agreed to
assess the most common agroforestry systems in Southern Leyte Province (project
area of EnRD and GIZ-REDD), covering the municipalities of Bontoc, Maasin City,
Silago, Sogod and Tomas Oppus on the island of Leyte, Eastern Visayas, and
Claveria Municipality (project area of ICRAF), Misamis Oriental Province, Northern
Mindanao. See Figure 1 and Figure 2 for specific location information of the study
sites.
Both sites belong to the tropical rainforest ecozone, meaning that it is warm and
humid throughout the year with less than three arid6 months per year (SCHULTZ
2008: 321). One important difference between the two regions is that most
agroforestry systems in Southern Leyte have been introduced gradually, replacing
existing forest stands while, in Claveria, these systems have been developed on
former pasture lands, which were highly degraded (see Photo 2).
Photo 2: ICRAF experimental plots in Claveria upland area

Photo: SW

More information about sampling methodology and study site selection is given in
Section 3.2.2.

6

In this study, a month is considered arid if total monthly rainfall does not exceed 100 mm.
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Figure 1: Map of the Philippines with study provinces

Sources of GIS data: GADM 2011 & ESRI 2002

Map: SW
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Figure 2: Study sites by municipality

Source of GIS data: GADM 2011

Map: SW
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1.2.8 Users of the study
The results of this study are expected to be used by stakeholders involved in the
management and utilization of upland areas in Southern Leyte Province and Claveria
Municipality. These are mainly:
!

The program of the World Agroforestry Centre (ICRAF) in the Philippines;

!

German Development Cooperation (GIZ), particularly EnRD and GIZ-REDD;

!

Policy makers in the Philippines, particularly the Department of Environment
and Natural Resources (DENR) and the Department of Agriculture (DA);

!

Local Government Units (LGUs) in Southern Leyte and Claveria;

!

Peoples’ Organizations (POs)7, farmers’ associations and individual upland
farmers in Southern Leyte and Claveria; and

!

Scientists and students of Visayas State University (VSU).

1.2.9 Phases of study implementation
The study was carried out in three major phases:
1.

Preparation phase (January to July 2011): During the preparation phase, in
consultation with the main stakeholders, the objectives of the study were
clarified, its terms of reference agreed, modes of collaboration discussed,
study sites selected, field work planned, counterparts identified, and logistical
support secured. To facilitate this process, the Team Leader travelled to the
Philippines and met with representatives of GIZ, ICRAF, VSU, LGUs, POs and
agroforestry farmers. The study team was formed in May, and concept
development began in June 2011.

2.

Appraisal phase (August to October 2011): In the beginning of August, the
study team travelled to the Philippines. First, the study was presented in
workshops at the national and provincial levels. Following this, the feedback
from stakeholders was incorporated into the study concept. Field work began
in the second half of August. More than 100 agroforestry farms were visited in
the course of the study. Finally, in the second half of October 2011, early
findings were presented and discussed in workshops convened at VSU in
Baybay City (for stakeholders in Southern Leyte), at ICRAF in Claveria, and in
Los Baños (for stakeholders at the national level).

7

A Peoples‘ Organization (PO) is required to be formed to manage forest lands under a CommunityBased Forest Management Agreement (CBFMA). As such, they have special arrangements with the
Philippine Government in managing forest lands (DENR et al. 2007: 16).
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3.

Reporting phase (October to December 2011): After the completion of field
work, the study team began compilation of the study results, data analysis,
and preparation of a first draft report with preliminary findings and
recommendations to be circulated for comments. Presentations were held
again in Berlin and at the Headquarters of GIZ in Eschborn, Germany. Finally,
in the end of 2011, the study was completed and a full report prepared for
publication.
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2 Agroforestry in the study sites
2.1 Most important crops and crop combinations
There are notable differences in crop usage between the two study sites. In Southern
Leyte, coconut (Cocos nucifera) and abaca (Musa textilis) are widespread as these
are traditional commodities of this region. Recently, however, abaca has almost
disappeared because of a disease that has heavily affected the crop. In contrast, in
Claveria, the main crops cultivated include corn (Zea mays), rubber (Havea
brasiliensis), upland rice (Oryza sativa) and cassava (Manihot esculenta) (BRAKAS
& AUNE 2011: 166). Except for cassava, these crops are rarely found in Southern
Leyte (PDPFP-SL 2010). Banana, on the other hand, is common in both sites.
Table 1: Annual & perennial crops in Southern Leyte and Claveria
Trees and woody perennials

Annual crops

Non-woody
perennials

Avocado (Persea Americana)

Bell Pepper (Capsicum anuum)

Abaca

Cacao (Theobroma cacao)

Cassava (Manihot esculenta)

(Musa textilis)

Coconut (Cocos nucifera)

Corn (Zea mays)

Banana

Coffee (Coffea spp.)

Pineapple (Ananas comosus)

(Musa spp.)

Durian (Durio zibethinus)

Rice (Oryza sativa)

Gmelina (Gmelina arborea)*

String bean (Vigna unguiculata)

Jackfruit (Artocarpus heterophyllus)

Sweet Potato (Ipomea batatas)

Lanzones (Lansium domesticum)

Squash (Cucurbita maxima)

Lauan (Shorea spp.)

Taro (Colocasia esculenta)

Mahogany (Swietenia macrophylla)*

Tomato (Lycopersicon esculentum)

Mangium (Acacia mangium)*

Yam (Dioscorea alata)

Mango (Mangifera indica)
Mindanao gum (Eucalyptus deglupta)
Molave (Vitex parviflora)
Narra (Pterocarpus indicus)
Philippine neem (Melia dubia)
Rambutan (Lappaceum nephelium)
Rubber (Hevea brasiliensis)*
*Exotic species
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Concerning timber, both in Southern Leyte and Claveria, native trees are still
common but exotic species like gmelina (Gmelina arborea) and mahogany
(Swietenia macrophylla) increasingly prevail. Furthermore, in Claveria, the species
Mindanao gum (Eucalyptus deglupta) and mangium (Acacia mangium) are
widespread, neither of which is that frequent in Southern Leyte. Table 1 lists the
English and scientific names of plants that are commonly used in agroforestry
systems in the areas of investigation.

2.2 Spatial arrangements
In Southern Leyte and Claveria, there is a wide range of agroforestry systems. In
farms, woody perennials are commonly grown on the upper slopes, along farm
boundaries, in alleys, or are integrated with other crops. Agricultural crops are
planted on terraces8, while paddies are found on level areas and along the lower to
middle slopes (BUGAYONG & CARANDANG 2003). In particular, the following
spatial arrangements can be found in the study area.

2.2.1 Multi-story agroforestry systems
Multi-story cropping (see Figure 3) consists of mixed species occupying different
canopy layers, with the upper layer occupied by trees or other woody perennials
(e.g., palms), which provide partial shade to annual crops in the lower layers. Shadetolerant species are present under established trees and coconut plantations. This
system provides effective utilization of environmental factors like water, nutrients and
sunlight (NAIR 1993: 120), but there is also the possibility of too much competition
among crops for light and nutrients (FAO & IIRR 1995). Most agroforestry farms in
Southern Leyte use a mixed arrangement of species, often called “halo-halo”,
meaning “all-mixed-together” in Cebuano, the local language.

2.2.2 Boundary planting
Boundary planting (see Figure 4) involves cultivation of timber and non-timber tree
species along borders of agricultural crop plantations (FAO & IIRR 1995). Boundary
crops serve as windbreaks or even live fences, and as a source of wood, fodder, or
fruits. This type of agroforestry practice is suited for areas with flat to slightly rolling
topography (MELLINK et al. 1995: 143), and it results in partial shading of the crops
planted near the boundary. Boundary planting can often be found in Claveria.

8

In fact, the study team did not observe terraces in Southern Leyte.
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Figure 3: Multi-story agroforestry system

Drawing: Zara Lee Casillano
Figure 4: Boundary planting

Drawing: Zara Lee Casillano

2.2.3 Contour cropping
Contour cropping (see Figure 5) helps reduce soil erosion and surface runoff.
Contours are level lines across a slope at a constant elevation. Often, they are
curved from side to side to stay level – they never move upslope or downslope.
Typically, vegetative barriers are located on a contour. They minimize soil erosion
and provide fodder or green manure (MELLINK et al. 1995: 143). Water flowing down
the slope picks up soil, and when it reaches a contour barrier, it slows down, soil
particles settle out, and more water enters into the soil.
In Claveria, where most of the farms are found in sloping areas, contour cropping is
widespread. Here, natural vegetative strips (NVS) of shrubs and/ or grasses along
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the contour of sloping farms are used to control soil erosion (MERCADO 2007: 4).
Farmers in the region also plant timber, fruits and cash crops on or slightly above the
NVS to boost and diversify farm income.
Figure 5: Contour cropping

Drawing: Zara Lee Casillano

Figure 6: Hedgerow/ alley cropping

Drawing: Zara Lee Casillano

2.2.4 Hedgerow/ alley cropping
Hedgerows of trees or shrubs (see Figure 6) are commonly grown along parallel
contours forming alleys on which food crops can be cultivated. This type of spatial
arrangement reduces the need for fertilizer application since pruned branches and
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leaves from hedgerows are mulched on the alleys, organically fertilizing the crops
and conserving both soil and water.
In another alley cropping system, farmers establish a strip of grass vegetation along
the contour. Spaces (alleys) between the grass strips are planted with crops. This
farming technique can be easily transformed into agroforestry by introducing trees or
perennial crops.
MERCADO (2007: 2) noted that in Claveria, timber trees are also used as hedgerows
along the contour of the slope in combination with food crops planted on the alleys.

2.3 Social context
Agroforestry is considered an appropriate technology for the uplands to sustainably
enhance crop production and environmental protection. Apart from these economic
and environmental benefits, it is necessary to understand the social context and
impacts of agroforestry and similar land-use systems.
The social context encompasses disparate elements such as culture, labor, access
to land and politics at the national and international level. Socio-political practices
form pre-existing conditions and agroforestry systems are influenced by certain
political or cultural practices. Determining factors of cultural practices also include the
different relations based on gender, age, religion, education, migration or other
characteristics (ROCHELEAU 1999: 193-194).
According to Chairman Francisco of the Senate Committee on Agriculture and Food,
the average age of Filipino farmers is 57 years (PANGILINAN 2011). Most members
of the younger generations prefer looking for employment in urban areas rather than
working on agroforestry farms. Often, even farmers who reach the retirement age are
still cultivating their land. They are used to work hard, they need to earn income to
support themselves and their families, and there is no public pension scheme for
them.
Based on the Census of Agriculture and Fisheries, on average, female smallholders
are older than their male counterparts. In most households engaged in agroforestry,
there are more women than men, and about 40 percent of female household
members are engaged in agricultural activities (NSO 2002).
Mindanao is known for longstanding conflicts between Christian and Muslim groups.
These conflicts have traditionally existed far from Claveria municipality and are
currently not impacting agroforestry practices in the area.
Both in Southern Leyte and Claveria, various religious groups can be found but
Roman Catholics represent the largest group.
In terms of education, most Filipino upland farmers hardly finish elementary school.
There are no recent statistics available on this subject. Data from the 1990s indicates
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that a large number of farmers do not go to school for more than three years, and
that illiteracy prevails (WATSON 1995).
Furthermore, as throughout the rural Philippines, migration to coastal and urban
areas, and even overseas, along with a high share of off-farm employment, is a
common characteristic of both study sites. For low-income smallholders, off-farm
employment is often necessary to meet their economic needs. Off-farm employment
may increase income but at the cost of reduced farm labor and the prospective
consequence of reduced farm productivity (KELLY 2000: 107-109). The broader
these impacts are, the more it can lead to variations in household structures and,
economic and social changes.
Most upland farmers operate a small parcel of land of less than 2 hectares (NSO
2002). It is common for smallholders to have two or three parcels in different
locations to allow the cultivation of different crops. The agroforestry parcels are
mostly the larger ones according to a socio-economic baseline study conducted by
GIZ-REDD (2011). The likely reason agroforestry parcels are larger is that
monoculture crops can only grow in valley locations which are obviously smaller in
the uplands. Agroforestry is the best way to grow crops on slopes.
Agroforestry parcels are often located in remote areas without easy access to road
networks. Most farm work is carried out by hand as the mountainous terrain makes
farm mechanization difficult. This factor, as well as the seasonality of production, can
lead to serious labor shortages during land preparation, crop management and
harvesting periods.
The institutional support frameworks for Southern Leyte and Claveria are different,
which influences agroforestry development and productivity. In Claveria, both
government extension activities and the delivery of social services are focused on
upland areas because the Municipality is entirely located on sloping lands. On the
other hand, in the five municipalities of Southern Leyte that are covered by the study,
most of the inhabitants live along the coast. For this reason, in these municipalities,
unlike in Claveria, the focus of the support given by public institutions is not directed
to the uplands.

2.3.1 Development of agroforestry in the study sites
In Southern Leyte Province, most of the agroforestry systems have been introduced
gradually replacing existing forest areas. For a long time, natural forests were
depleted and degraded by logging. The situation became even more problematic
during the height of insurgency activities in the 1980s, when landless people
migrated to the uplands to settle and earn their livelihood by using these areas for
farming. Eventually, the Department of Environment and Natural Resources (DENR)
decided to allow people who already had encroached upon public lands to have
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limited tenure rights to abandoned and often tree-less land through the CommunityBased Forest Management Agreement (CBFMA), provided they were able to
organize themselves in a People’s Organization (PO)9. DENR permits agroforestry
practices to ensure reforestation of degraded forest lands and to enable farmers to
generate subsistence income prior to reforestation. Holders of CBFMA are very
common in Southern Leyte, but also exist in upper elevation parts of Claveria (DENR
2004).
Most of the lands at lower elevations in Claveria, under 700 m ASL, and a few in
Southern Leyte, were deforested earlier and owned by a small number of large
landholders. While soils were degraded and acidic, this land was mostly used as
cattle ranches. When peace and order deteriorated in the 1980s, these private
proprietors sold their land to the Department of Agrarian Reform (DAR). In turn, DAR
distributed this land, which is also called Alienable and Disposable (A&D) Land, to
landless peoples, recent immigrants or those farmers already farming in these
locations. Farmers of these private lands are not obliged to strengthen agroforestry
practices (DENR 2004).
In Claveria, in the mid-1980s, different technologies for agroforestry were introduced
(MAGCALE-MACANDOG et.al 2004: 68). Farmers were trained in cultivation
practices suitable for degraded and acidic soils, and were also trained to teach others
these techniques. In this efficient and inexpensive way, agroforestry faming was
expanded at an impressive rate (MERCADO et al. 2000:1).

2.3.2 Land tenure and land management in the study area
In order to understand and further improve the agroforestry systems in the study
area, it is necessary to analyze the prevailing land tenure situation, land-use rights of
upland farmers, and the status of forest land-use planning. The influence of these
factors on the sustainability of these systems in Claveria and Southern Leyte is
significant.
Land on which agroforestry systems are common can be divided into two main types:
public forest land (FL) and private Alienable and Disposable (A&D) Land. Forest
lands are managed under the jurisdiction of DENR’s Forest Management Bureau,
while A&D lands are mostly administered by the Center for Land Administration and
Management of the Philippines (CLAMP). A brief overview of the prevailing tenure
systems in Southern Leyte and Claveria is given in Table 2.

9

More information on the Community-Based Forest Management Agreement (CBFMA) and the
concept of a People’s Organization (PO) is given in Section 2.3.2.1.
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Table 2: Tenure systems in Southern Leyte and Claveria

!

!

!

Forest Land (FL)

Alienable & Disposable (A&D) Land

Public tenure of 25 years

Private title

Certificate of Steward Contract (CSC)
Granted to individuals under the
Integrated Social Forestry Program
(ISFP)
Community-Based Forest
Management Agreement (CBFMA)
Under DENR
Co-Management Agreement (CMA)
Under LGU and DENR

!

Certificate of Land Transfer (CLT)
Issued by CLAMP or DENR

!

Free Patent for agricultural and
residential use (FP)
Issued by CLAMP or DENR

!

Certificate of Land Ownership Award
(CLOA)
Issued by DAR

Agroforestry in the study sites is mainly practiced under the above listed tenure
instruments and land management arrangements. (GUIANG 2006)

2.3.2.1 Community-Based Forest Management Agreement (CBFMA)
Community-Based Forest Management (CBFM) was officially adopted in 1995.
Officially, the Community-Based Forest Management Agreement (CBFMA) is still
considered the preferred agreement for public forest land (MANGAOANG 2011a).
The main focus of CBFM is solving the problem of forest land degradation by
addressing its root cause which is the farmers’ needs for food and other basic
requirements. A CBFMA is granted by DENR to a People’s Organization (PO), a
group of farmers, and entitles them to use and develop the forest land and its
resources. In return, members of the PO have to act as stewards for a core protected
forest area. The agreement is always made between the PO, representing the
farmers’ group, and DENR. Each member of the PO is given a certificate for 25 years
of tenure, renewable for another 25 years, for the usually two or three hectares they
are cultivating. CBFM covers occupied, open, denuded, reforested and forest areas;
and CBFM lands are further classified into protection and production areas, the latter
of which can be used either for forest plantations (reforestation) or agroforestry
(DENR 2007).

2.3.2.2 Certificate of Steward Contract (CSC)
The Certificate of Steward Contract (CSC) is granted through the Integrated Social
Forestry Program (ISFP), launched in 1982. Previously, each farmer was given a
CSC for 25 years of tenure, renewable for another 25 years, for the land they are
cultivating, usually 2-3 ha. In 1997, the ISFP was replaced by CBFM, which means
that individual CSC farmers are also included in a CBFMA but are not necessarily a
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member of a PO, nor do they have the duty to protect the community forest (DENR
2004).

2.3.2.3 Certificate of Land Transfer (CLT)
In general, owners of A&D lands have a private Certificate of Land Title (CLT). CLTs
are issued by DENR or the Center for Land Administration and Management of the
Philippines (CLAMP), which is the responsible government agency for land
distribution under the Operation Land Transfer (OLT) program (DENR 2004).

2.3.2.4 Free Patent for agricultural and residential use (FP)
The Free Patent for agricultural and residential use (FP) was signed into law in
March 2010. It aims to ease the procedure for titling of agricultural lands for Filipinos
living on unregistered timber lands. Any Filipino who has paid real estate taxes for 10
years shall be entitled for such parcel of land, if the A&D land is not needed for public
use. FP reduces the period of eligibility for titling from 30 years to 10 years because
landowners can apply with the DENR, instead of acquiring a title through the courts
under the Public Land Act which often meant decades of waiting for approval. In
order to qualify, the agricultural land should not exceed 12 ha (CLAMP 2011).

2.3.2.5 Certificate of Land Ownership Award (CLOA)
The Certificate of Land Ownership Award (CLOA) is granted to landless people by
the Department of Agrarian Reform (DAR). The owners of large holdings are
compensated by the Land Bank of the Philippines, and DAR distributes the land to
farmers who are Agrarian Reform Beneficiaries (ARBs). ARBs amortize the cost of
the land in the course of 25 years (DAR 2004).

2.3.2.6 Co-Management Agreement (CMA)
A Co-Management Agreement (CMA) is a formal partnership arrangement (not a
tenure instrument) based on a Memorandum of Agreement (MOA) between one or
more Local Government Units (LGUs) and DENR to co-manage certain forest land
within the territorial jurisdiction of the partner LGUs. Under this arrangement,
Individual Property Rights (IPR) are issued to forest occupants as a form of tenure
security. It is a scheme aimed to encourage the participation of LGUs and
communities in the management and protection of forests and forest lands. IPR
issued under CMA are valid for 25 years.
Co-Management cannot be considered a tenure arrangement, but rather it is a
management option agreement. One unique feature of CMA is that it enables LGUs
to offer incentives in the form of tenure security and rights to benefit from investments
made by private sector investors in development activities like tree farming,
agroforestry, and ecotourism. Private investors include smallholder households,
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farmers’ groups and private corporations. CMA was only launched in 2008.
Consequently, there are not so many experiences with this rather new form of
agreement (MANGAOANG 2011a).

2.3.2.7 Other land-related issues
As a result of poverty and land scarcity in the study sites, many migrants have been
squatters on governmental land for decades and hold no title. Squatters have
complications attaining loans from official sources as land titles are required for proof
of deposit. Another implication of lacking land titles is the underutilization of
agricultural land. Lack of tenure forces farmers to sometimes work as a tenant on
privately owned land paying a high price for user rights or up to half of the parcel’s
harvest for it.
The rights of public land tenure holders to harvest and benefit from forest plantations
have been suspended by the DENR multiple times since the implementation of the
respective policy. This failure to maintain secure tenure and user rights for
community and private sector tenure holders could lead to increased illegal logging
and the conversion of forest to other land-uses. “Worsening rural poverty, increasing
dependence on imported wood and forest products, and the deepening budget deficit
will force policy-makers to consider forest land an asset that could be opened for
mining, commercial plantations of high-value crops and government-driven land
reform programs”, that may not strengthen property rights (GUIANG 2006: 33).
Furthermore, property claims on land can be contradicting as it is a common practice
for upland farmers which are not part of a DENR program to pay land taxes to the
municipalities where they are located. The farmers interpret the tax-paying
certificates which they receive in return as a land title although, formally, the local
government is not responsible for entitling forestland.
In Southern Leyte and Claveria, as elsewhere in the Philippines, the lack of exact
boundaries and proper delineation is another problem complicating the use of land,
especially at the parcel and barangay levels. Sometimes, the same piece of land was
titled by DENR, DAR and CLAMP to multiple holders leading to long-term tenurerelated conflicts.
As this overview shows, there are many land tenure instruments and land
management arrangements in the study area, and various government institutions
are involved in related procedures. Consequently, land tenure is an extremely
complex, opaque and challenging matter for small-scale agroforestry farmers in the
uplands of Claveria and Southern Leyte.

Agroforestry in the study sites

25

2.3.3 Farmers’ organizations and support programs
Farmer membership in cooperatives provides social, economic and cultural benefits.
The primary objective of a farmers’ organization is to provide services to its members
to enable them to attain higher income through investments, as well as cost and risksharing. Social activities of cooperatives like teaching each other new or alternative
technologies support them to improve trade and management practices. Social
organizations allow less privileged low-income groups to increase their ownership in
the community (COOPERATIVE DEVELOPMENT AUTHORITY 2010: 1).
Southern Leyte and Claveria have different preconditions for agroforestry in terms of
the availability of farmers associations and support programs.
Claveria has served as a research and demonstration area for different agencies
tasked with promotion of sustainable farming – the Department of Agriculture (DA),
the International Rice Research Institute (IRRI), and the World Agroforestry Centre
(ICRAF). In addition, Misamis Oriental State College of Agricultural Technology
(MOSCAT) is located in this municipality and has trained many local farmers as well.
In using the Sloping Agricultural Land Technology (SALT) developed by the
Mindanao Baptist Rural Life Centre (MBRLC), DA began promoting contour
hedgerows of shrub legumes in Claveria in the early 1980s. Later on, IRRI
established a research site in the location and initiated a farmer-to-farmer training
program to enhance the adoption of SALT. ICRAF took over in 1993 and conducted
field trials on contour hedgerow systems, namely natural vegetative strips (NVS), as
a low-cost and low-complexity approach to soil conservation. Initially, they worked
with individual farmers, but a high level of interest led to various group sessions.
Farmer leaders then decided to form a farmers’ organization to promote the farming
practices. The Claveria Landcare Association (CLCA) supported by ICRAF started in
1996 (CRAMB 2006: 2-4).
The Landcare Foundation of the Philippines, Inc. (LPFI) as the CLCA is currently
called has encouraged farmers greatly and resulted in municipality-wide training
sessions and cross-farm visits. This soon resulted in widespread support from LGUs,
particularly at the barangay level, including financial contributions and even
legislative backing for adoption of the NVS technology (CRAMB 2006: 4-5). Today,
the Landcare program in Claveria has developed into a triangular partnership
between farmers, ICRAF and LGUs.
The SALT and NVS technologies were also promoted in Southern Leyte. In some
way, NVS has been an indigenous technology independently practiced by farmers for
at least four decades (MERCADO 2005: 5). Landcare in Leyte started with groups of
farmers already organized by other NGOs or CBFM projects. Such organizations
adjusted and incorporated the approach into their programs with LGUs and other
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agencies (MERCADO 2005: 10-11). However, in Southern Leyte, NVS has not
attained the widespread success comparable to Claveria. This may result from the
focus of institutional support primarily on Southern Leyte’s coastal areas rather than
upland regions. Support to conservation farming on sloping lands has not been given
a higher priority because only the minority of the people in the Province is living in
uplands.
In the five municipalities covered by the study in Southern Leyte, there are ten
People’s Organizations (POs). The farmers of these POs do practice agroforestry in
various forms, and they receive support from DA, DENR, DAR, LGUs and GIZ. Many
members of these POs are living on forest land. Therefore, it is likely that the POs
were primarily founded for bureaucratic reasons rather than the farmers’ intention to
cooperate on farming issues (MANGAOANG 2011b). However, since DENR allows
farmers to harvest and benefit from planted forests as long as they are members of a
PO, they soon engaged in reforestation and agroforestry activities.
Support to Southern Leyte, through POs, is also provided by the GIZ-supported
Environment and Rural Development Program (EnRD) and the project Reducing
Emissions from Deforestation and Forest Degradation in the Philippines (GIZ-REDD).
EnRD and GIZ-REDD have been promoting reforestation by distributing fruit and
timber-tree seedlings and paying the farmers for planting them. Some POs are even
producing and selling seedlings from their own nursery (see Photo 3).
Photo 3: Tree nursery in PO Yiseda, municipality of Maasin City

Photo: SW
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3 Approach and methodology
3.1 Approach
3.1.1 Measuring the sustainability of agroforestry systems
This study attempts to analyze the sustainability of different agroforestry systems.
The concept of sustainability used in this study is based on the definition contained in
the widely cited Brundtland Report from 1987, commissioned by the United Nations.
According to this report, sustainable development meets the needs of the present
without compromising the ability of future generations to meet their own needs
(HAUFF 1987).
The achievement of sustainable development requires the integration of its
economic, environmental and social components at all levels (UN Economic and
Social Development).

Therefore, based on the three dimensions of sustainability, a
sustainable agroforestry system should generate sufficient
income for the farmer (economic dimension), while preserving
natural resources (environmental dimension) and being socially
viable (social dimension).

In this study, an agroforestry system is understood as an individual land unit, often
one among multiple parcels of a farm enterprise, on which agroforestry is practiced;
and as outlined in Section 1.2, the study attempts to assess these agroforestry
systems regarding their level of sustainability, and to identify systems that might be
promising to be further promoted and replicated.
Consequently, the research unit of this study is the individual agroforestry parcel –
and not the whole farm enterprise or household of an agroforestry farmer,
respectively. The latter would be useful research units for determining that individual
farms or farmers are successful, but it would not be possible to assess agroforestry
operations in this way because in our study sites different agroforestry systems exist
in the same landholding. Only the focus on individual agroforestry parcels allows
different agroforestry systems to be assessed and compared.
In following this logic, it was necessary to identify variables for all three dimensions of
sustainability that refer to the agroforestry system itself (see Table 3). The variables
selected allowed the study team to identify differences between these systems, for
example, in terms of their potential to generate monetary income (e.g., system A is
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able to generate twice as much income as system B), and to generate statements
regarding the overall sustainability of an individual agroforestry parcel.
Table 3: Variables for the assessment of sustainability and external factors used
Variables for the
economic dimension

Variables for the
environmental dimension
Variables for the
social dimension
Additional (cross-cutting)
variable

External factors

!

Investment requirements

!

Monetary income

!

Risk management

!

Impact on soil quality

!

Contribution to soil erosion prevention

!

Potential for climate change mitigation

!

Complexity to manage the agroforestry system

!

Food security

!

Tolerance of changing soil and climate-related
conditions

!

Land tenure

!

Formal education of farmers

!

Membership in farmer’s associations

!

Access to extension and support services

!

Gradient of slope

Besides these agroforestry system specific (internal) factors, there are other
(external) factors that influence the sustainability of an agroforestry system, for
instance, local geomorphologic conditions, the tenure situation under which a farmer
operates, and whether or not a farmer receives support, for example, as a member of
a People’s Organization (PO). These external factors can dramatically influence how
sustainable an agroforestry system is, and some of them can be influenced, so they
offer good entry points for development projects.
To better understand causation of agroforestry system attributes, external factors
were also identified (see Table 3), separately assessed, and used to cross check the
initial assessments derived from measuring the variables selected.
It is assumed that a farming system will only be successful if it complements the
livelihood strategy of the farmer. The livelihood assets are defined as financial
(income, savings), natural (land, water, forests), human (labor, education, skills,
health), physical (roads, equipment) and social (membership in organizations,
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networks) capital (DFID 1999). The selection of variables and external factors took
into account this livelihood concept.
Apart from the variables selected for the three dimensions (economic, environmental,
social), an additional (cross-cutting) variable is used in this study. This variable
represents the level of tolerance of an agroforestry system to different, or changing,
soil and climate-related conditions. This variable is important to show how suitable an
agroforestry system is for replication in other sites and how well it could adapt to
climate change.

3.2 Method
3.2.1 The MASAS model
In order to assess multiple and diverse agroforestry parcels in terms of their potential
to generate economic, environmental and social benefits, the study team developed
the Model for Assessing the Sustainability of Agroforestry Systems (MASAS).
MASAS is based on quantitative and qualitative indicators that are measured for
each agroforestry parcel examined.
The indicators operationalize the variables identified for the assessment of
sustainability (see Section 3.1 and Table 3). The resulting data is then put into a
scoring table, the MASAS Matrix, to compare the individual systems against each
other, and to assess their sustainability. The final result will be a numeric score,
called the MASAS score. The higher its MASAS score, the more sustainable an
agroforestry system is. The MASAS score ranges between 1 (not sustainable) and 5
(highly sustainable).
The different steps necessary to put the Model to work (such as the selection, scaling
and weighting of indicators) are shown in Figure 7 and will be explained in more
detail in the following sections. After its development and a pretest, MASAS was
applied in the study sites of Southern Leyte and Claveria following the process
exemplified in Figure 8.
The greatest strength of the Model is its flexibility: If the importance of an indicator is
to be changed, for instance in case one wants to put more emphasis on
environmental aspects, then its weight (see Section 3.2.6) can be adjusted. The
resulting MASAS score would then indicate which agroforestry system scores best
with the new emphasis. Indicators can also be added or removed if additional
aspects are to be considered or if one aspect can be disregarded.
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Figure 7: Development of MASAS

Figure 8: Application of MASAS

3.2.2 Stratification and sampling
According to the definition of agroforestry used for this study, agroforestry systems
consist of woody perennials and annual crops and/ or livestock. There are many
different combinations of these components, and they can be classified into three
main groups (HUXLEY 1999: 10-12):
!

Agrisilvicultural systems contain annual crops and trees incl. shrubs;

!

Silvopastoral systems consist of pasture/ animals and trees; and

!

Agrosilvopastoral systems include all components, namely annual crops,
pasture/ animals and trees.
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According to NAIR (1993), the classification of agroforestry systems can also be
based on the criteria below:
!

Structure of the system (nature and arrangement of components - for specific
spatial arrangement refer to Section 0);

!

Function of the system (role and output of components);

!

Agro-ecological zones where the system exists; and

!

Socio-economic scales and management levels of the system.

Regarding the combination of species and their arrangement, a wide array of
different agroforestry systems and combinations exists in Southern Leyte and
Claveria. In line with the task to compare different agroforestry systems, the study
team had to find a way to group the different systems in order to make a comparison
feasible. And some characteristics of these systems (e.g., spatial arrangement) were
not even known prior to seeing them in the field, after the tentative selection of
sample sites.
For this reason, the only criteria that could be used to stratify the agroforestry
systems was their components or, put more precisely, their main crops in terms of
visible prevalence. Livestock did not seem to play a major role within agroforestry
systems in the study area. Therefore, farm animals have not been considered in the
stratification process.
That is why the team decided to create homogenous groups, or strata, of
agroforestry systems based on their prevailing crops. The result of this stratification
process was six relatively homogenous strata of agroforestry systems including:
1. Banana-based systems;
2. Coconut-based systems;
3. Coffee-based systems;
4. Fruit tree based systems;
5. Rubber-based systems; and
6. Timber tree based systems.
Sample sites were selected from the six strata that were developed. Information on
the prevailing crops in agroforestry systems was obtained from other sources, for
example, in the case of Southern Leyte, from the Socio-economic Baseline Study of
the GIZ-REDD project (GIZ-REDD 2011), or from ICRAF in the case of Claveria.
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External factors such as the tenure situation under which a system operated were
also considered for sampling (i.e., in the case of tenure, for example, the objective
was to represent different types of tenure). This approach to study site selection also
ensured that, for each stratum, the number of agroforestry systems included in the
investigation was sufficient.
In addition to consideration of crops and external factor criteria (i.e., methodology),
sample site selection was also guided by a number of requirements outlined in the
terms of reference (ToR) for the study. According to the ToR, the following criteria
were also to be met:
Both in Southern Leyte and Claveria:
!

Only sites in upland areas and with high poverty rates to be selected; and

!

Ideally, small, medium and larger holdings equally to be included.

Specifically in Southern Leyte:
!

Both EnRD program sites (approx. 70 percent of agroforestry systems
examined in the Province) and non-program sites (approx. 30 percent) to be
covered;

!

Approx. 90 percent of sample sites not further away from VSU Campus than
2.5 hour drive;

!

About 80 percent of sample sites covered by the recently completed Socioeconomic Baseline Study of the GIZ-REDD project (GIZ-REDD 2011); and

!

Areas with elevated security risk (i.e., “yellow”/ “moderate” risk areas and
above – as per GIZ’s risk management system) not to be visited.

Overall, the stratification and sampling resulted in 100 agroforestry parcels selected
for the study, 69 in Southern Leyte and 31 in Claveria. However, it is important to
note that, due to its limited size, the sample cannot be considered representative of
all agroforestry systems in the sites.

3.2.3 Variables and indicators
Each variable identified to assess the sustainability of agroforestry systems in
Southern Leyte and Claveria (see Approach – Section 3.1 and Table 3) had to be
further operationalized. This was achieved through the use of one or more indicators.
The indicators, in turn, had to be measured through quantitative and qualitative data,
which either were obtained from secondary sources or collected by the team. This
process led to a tentative list of about 40 indicators. The final list of indicators was
selected from these 40 through a participatory process including the SLE team and
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representatives from GIZ, ICRAF, VSU, DA, DENR and local communities. For
example, in semi-structured focus group discussions with upland farmers, the study
team identified those indicators that were most important from the farmers’ point of
view. Table 4 describes the final set of indicators that became part of MASAS. As
mentioned earlier, some variables are operationalized only by one indicator, and
others require multiple indicators to be measured.
Table 4: Operationalization of variables
Dimension

Variable
Investment requirements

Indicator
Material input required
Gross margin / (Net present value)10

Monetary income
Economic

Return to labor
Consistency of income
Risk of pests and diseases problems

Risk management

Impact on soil quality
Environmental

Social

10

Soil water storage capacity of crops
Share of nitrogen-fixing crops

Contribution to soil
erosion prevention

Contribution to soil conservation
through deep rooted perennials

Potential for climate
change mitigation

Carbon storage potential

Complexity to manage
the agroforestry system

Complexity to manage

Food security

Ability of the agroforestry system to
meet nutritional needs

Tolerance of changing
Cross-cutting

Dependency of production on a single
crop

soil and climate-related
conditions

Level of tolerance to soil pH
Level of tolerance to temperature range
Level of tolerance to precipitation range

It was not possible to calculate the net present value (NPV) for all agroforestry systems examined
by this study. Therefore, the indicator is not part of MASAS. However, NPV calculations were done for
all timber tree based agroforestry systems and one parcel for each of the other strata.
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In the following paragraphs, the fifteen indicators of MASAS are presented in more
detail. First, it is explained why a certain indicator is relevant for assessing
agroforestry systems. Next, the meaning of the indicator for the specific context of
the study is described (see Appendix 3) for greater explanation of how each indicator
was measured).

3.2.3.1 Material input required
High initial investment costs can be a formidable obstacle for farmers to apply a
specific land-use system, especially in regions without sufficient access to credit.
Therefore, it is important to consider initial investment costs when promoting
agroforestry systems among poor upland farmers. The indicator measures the initial
investment required for material inputs and then compares the financial burden to
farmers for establishing different agroforestry systems.

3.2.3.2 Gross margin
Gross margin as an indicator shows how much of the revenue is left to pay fixed
costs and to keep profit when all variable costs are deducted. Variable costs are
usually calculated for a fixed period, e.g., one farming season or a year. The gross
margin is therefore useful as a decision-making tool for that period. In agricultural
enterprises variable costs depend on the activity performed. For instance, prices for
seeds differ from crop to crop, the labor intensity changes with the crop, and different
inputs might be necessary (variable costs include seeds/ seedlings, weeding,
fertilizer, agrochemicals, hired labor, etc.). Fixed costs are not included in this
calculation because they have to be paid anyways (e.g., rent, insurance,
maintenance), independently from the farmer’s decision whether and what to plant.
For annual crops, the gross margin shows which crops should be planted in order to
have the highest income or to keep an agricultural business running. For perennial
crops, which are often planted in an agroforestry system, this indicator is of limited
use since it only applies to one year. It is therefore not suitable to compare crops with
different cropping cycles.

3.2.3.3 Net present value
When comparing agroforestry systems one must consider several aspects such as
the combination of crops (annual or perennial), the age of the crops and the material
and labor input used to establish the system. In order to make these features
comparable, they are expressed in monetary terms and the costs are subtracted from
the benefits. Then, all values are dated to the same year (discounted). The discount
rate used was 20 percent. The resulting value is the gross margin of the agroforestry
system from several years expressed in the value of one year. For crops that require
several years until harvest (e.g., perennials like fruit trees and timber trees, but also
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coconut) it is necessary to compare not only one year of their lifespan but assess the
whole length of their rotation age.

3.2.3.4 Return to labor
Labor is a limiting factor in many agricultural enterprises. It is important to understand
how effective labor is for obtaining a given amount of gross margin and for comparing
which crop achieves highest returns for the amount of labor invested. Return to labor
as an indicator depicts the income earned for each day of labor invested in the
production of a specific crop.

3.2.3.5 Consistency of income
For farmers, it is very important to have a continuous income stream to cover
household expenditures. Crops grown in the agroforestry systems of Southern Leyte
and Claveria are very different in their potential to generate continuous income.
Some crops can only be harvested once per year (e.g., lanzones – a popular fruit
tree) or even once in ten years (e.g., timber). Other crops can be harvested weekly or
more often (e.g., rubber). To develop this indicator, different agroforestry systems
were examined in order to understand the seasonal production calendar of every
crop. This indicator is an indirect indicator of the potential of a given system to
generate a consistent income. It does not refer to the specific monthly income
agroforestry farmers derive from each crop.

3.2.3.6 Risk of pests and diseases problems
This indicator measures the vulnerability of an agroforestry system to crop losses
associated with pests and plant diseases. The score for this indicator depends on the
crops grown (some crops are more prone to pest infestation and plant diseases than
others), on the total number of species within the agroforestry system (under the
assumption that greater crop diversity makes it more difficult for pests and diseases
to spread), and various other factors (see Appendix 5).

3.2.3.7 Dependency of production on a single crop
Farmers relying on income from only one crop are exposed to risks that diverse
farms avoid. In the case of crop failure or falling prices, low crop diversity can
threaten the livelihood of the entire farm household. Agroforestry is known for its
potential to provide farmers with multiple sources of income, so the risk of sudden
economic shocks is reduced. This indicator measures the share of the production
value generated from the most prevalent crop in comparison to the total value of
production on one agroforestry parcel.
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3.2.3.8 Complexity to manage
The high complexity of growing multiple crops in specific spatial arrangements can
prevent farmers from adopting promising agroforestry systems. In group and
individual discussions, farmers often stated lack of knowledge as the main reason for
them not to adopt new farming systems. Based on these discussions and using
information received from resource persons at ICRAF, VSU and LGUs, this indicator
assesses the multitude of, and the strictness to follow, required management
procedures for different agroforestry systems.

3.2.3.9 Ability of the agroforestry system to meet nutritional needs
Malnutrition is a common problem among upland farmers. Agroforestry is purported
to alleviate this problem in two ways: it provides cash crops for monetary income as
well as food crops for household consumption. This indicator measures the
contribution of each agroforestry parcel to the daily calorie and protein requirements
of farmers.

3.2.3.10

Soil water storage capacity of crops

Each agroforestry system has a specific water storage capacity reflecting the variety
and spatial arrangement of crops that are grown. This indicator measures this
capacity indirectly by evaluating the number of trees in the system.

3.2.3.11

Share of nitrogen-fixing crops

Plants require nitrogen for growth and only a few crops grow economically without
added nitrogen fertilizer (FAO 1987:3). Nitrogen-fixing plants transform elemental
atmospheric nitrogen (N2) into ammonium and nitrates, both of which usable for the
plant. Especially for sites that are poor in nitrogen, nitrogen fixation by leguminous
plants can have a positive impact on a cropping system (MERCADO 2007:8). This is
important for farmers who cannot afford to buy fertilizer. It also reduces the water
pollution often associated with over-application of nitrogen fertilizer. The indicator
represents the number of nitrogen-fixing trees and the area covered by peanuts or
beans in every parcel.

3.2.3.12

Soil conservation through deep-rooted perennials

Soil conservation and the reduction of soil erosion is one major environmental
service that agroforestry systems can provide. According to ICRAF (YOUNG
1989:25), the use of deep-rooted perennials in a farming system contributes greatly
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to achieving this objective. The indicator contribution to soil conservation through
deep-rooted perennials is based on the number of deep-rooted11 trees per hectare.

3.2.3.13

Carbon storage potential

The perennial components of agroforestry systems, i.e., timber trees, fruit trees and
palms, play an important role through their ability to sequester and store carbon over
long periods. They absorb carbon dioxide (CO2), and utilize it for photosynthesis,
resulting in carbon stored in their biomass. CO2 release takes place when vegetation
is burned, decomposed or through the process of respiration. Woody perennials on
arable land store carbon and could contribute to climate change mitigation. In this
study, the indicator carbon storage potential estimates how much carbon the
respective agroforestry system potentially stores eight years after installation.

3.2.3.14

Level of tolerance to soil-pH, temperature and precipitation

One of the interests of the clients of this study (GIZ and ICRAF) is to replicate
successful agroforestry systems. Tolerance of different soil and climatic conditions is
an important requirement for an agroforestry system to be considered for replication.
And as the Philippines are predicted to be affected by the global climate change
(CRUZ 2007), it is necessary to take these expected changes into account when
assessing the sustainability of agroforestry operations.
The tolerance of specific agroforestry systems to different pH-values is of high
importance. While the pH-value can greatly differ from site to site, not every species
used in agroforestry is compatible to different conditions, making it necessary to look
at this specific soil characteristic. Additionally, temperature and precipitation are two
essential climate characteristics which can foster or hinder the growth and the yield
of agroforestry crops.

3.2.3.15

Indicators disregarded in the course of the study

In the course of the study, it turned out to be impossible to find data for some of the
indicators initially considered to be used in MASAS. For other indicators, the team
realized that these were only of minor or even no importance in the specific context.
Therefore, these indicators (e.g., social acceptance, allelopathy, spatial arrangement)
were gradually disregarded. A description of these indicators and the reasons why
they were excluded can be found in Appendix 8.

11

The study team considered all trees found on agroforestry parcels in Southern Leyte and Claveria
except rambutan to be “deep-rooted”. Other perennials such as coconut, banana und bamboo were
not considered to be “deep-rooted”. Coffee was considered “half deep-rooted”.
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3.2.4 External factors
As described in Section 3.1.1, there can be many external factors that influence the
success of an agroforestry system. For instance, owners of private land with more
long-term security in access to land might cultivate their land differently as compared
to farmers cultivating public land. Land tenure is an important external factor that
must be examined. For a list of all external factors assessed against the MASAS
scores refer to Table 5.
Table 5: External factors

External factors
Land tenure
Formal education of farmers
Membership in farmers’ associations
Access to extension and support services
Gradient of slope

3.2.4.1 Land tenure
The land tenure or management arrangement can play an important role for farmers
in deciding which combination of crops to utilize. If land tenure is unsecure, long-term
investments like planting trees are not very attractive to farmers. The study gauged
possible differences between agroforestry farmers on public and on private land.

3.2.4.2 Formal education of farmers
Managing agroforestry systems can be a complex task. For this reason, the formal
education of agroforestry farmers and the resulting capacity may influence the
success of an agroforestry operation.

3.2.4.3 Membership in farmers’ associations
Farmers who are organized in farmers’ associations are likely to benefit from
knowledge transfers among the members of the association. It is also easier for a
farmers’ association to attract public or private support services. Additionally,
organized farmers hold a stronger position when jointly negotiating prices for inputs
or marketing their crops. Finally, transaction costs for marketing can be reduced
since quantities are larger resulting in less costs per unit marketed (economies of
scale in marketing). All these factors contribute to the importance of membership in a
farmers’ association. It is an important external factor to be considered in this study.
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3.2.4.4 Access to extension and support service
Many different agencies and organizations (DA, LGUs, NGOs) offer extension and
support services to farmers. These services can have a great influence on the
sustainability of an agroforestry system. In particular, training on cultivation methods
for certain crops can be very important to improve agroforestry systems.

3.2.4.5 Gradient of slope
Agroforestry farmers in the uplands of Southern Leyte and Claveria cultivate land that
ranges from almost flat to very steep slopes. This external factor was primarily
chosen in order to examine whether or not the gradient of slope has an influence on
the level of production and the consequent economic success of an agroforestry
system.
For estimating the slope of individual agroforestry parcels, farmers were asked to
select a slope representative of their farm from a sketch showing different slope
categories (see Appendix 9).

3.2.5 Scaling and scoring
Scaling and scoring is at the core of the approach and methodology chosen by the
study team. Many indicators could be measured through quantitative data (e.g.,
material input required or gross margin). Some indicators had to be established
based on qualitative descriptions (e.g., complexity to manage or risk of pests and
diseases problems). Scaling and scoring allowed both quantitative and qualitative
data to be used side by side in one analytic system.
Each indicator was measured through scores on a scale from 1 (lowest score - least
desirable) to 5 (highest score – most desirable). Scaling refers to the process by
which the overall range of all true values of one specific indicator was divided into
five units. Each unit (or sub-range of true values) represented one specific score.
For example, for the complexity to manage an agroforestry system indicator, scores
could range from 1 (extremely complex) to 5 (not complex). A systems was deemed
less sustainable if the cumulative score of multiple indicators was low. An overview of
the methodology used in scaling can be found in Appendix 3.

3.2.6 Weighting
The selection of indicators representing the three dimensions of sustainability alone
was not sufficient to approximate the level of sustainability of a specific agroforestry
system. Some indicators were considered more important than others.
Therefore, in using the MASAS approach, not every indicator carried the same
weight. Reflecting its importance, an indicator could contribute to MASAS with a
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weight of 1, 2 or 3. The weighting procedure was developed in consultation with local
resource persons. It was also based on insights gained during focus group
discussions with farmers. As a result of the weighting process, the three dimensions
of sustainability received unequal weights. Appendix 3 lists the weight of every
individual indicator.

3.2.7 Data collection
For the various indicators of MASAS, a wide range of data had to be gathered,
compiled and processed. Some of the indicators were measured through primary
data collected in the field. For this purpose, a questionnaire was designed to be used
in interviews with individual agroforestry farmers in the uplands of Southern Leyte
and Claveria (see Appendix 11). This survey was designed to generate both
qualitative and quantitative information. In addition, primary data was obtained
through expert interviews with specialists from GIZ, ICRAF, VSU, MOSCAT and the
Provincial Agriculture Office in Maasin City. The focus of these expert interviews was
on information that could not be obtained directly from upland farmers.
Other (mainly environmental) indicators were determined through a literature review
of secondary data gathered from a multitude of sources.12 The primary resources for
secondary data were the libraries of VSU and ICRAF, scientific research papers and
national policy documents. Some information, such as the average size of farmers’
parcels in Southern Leyte, was extracted from the Socio-economic Baseline Study
carried out by VSU scientists on behalf of the GIZ-REDD project (GIZ-REDD 2011).

3.2.8 Data analysis
The data collected was analyzed through the following process: First, quantitative
and qualitative data used to measure indicators was processed and converted into
scores. Next, following the model outlined in Section 3.2.1, the scores were
transferred into the assessment/ MASAS matrix. Putting all scores in a matrix made it
possible to visualize which agroforestry system scored high or low, and to assess the
level of sustainability of a given system.
Table 6 exemplifies how the scores for every agroforestry system were entered into
the MASAS matrix. The first line demonstrates the whole process for agroforestry
parcel, or case, No. 1, which belongs to the rubber-based stratum. The original value
for the indicator gross margin was converted into a score (the score is 3 in this case).

12

Most indicators measured through secondary data were established as potential benefits of
agroforestry systems and/ or specific crops cultivated in them. For example, the water storage
capacity of agroforestry systems was not determined by measuring the actual water content in the soil
but by gathering information on the potential for water storage of the different crops.
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Due to the weight of 3, which was determined for the indicator gross margin, the
weighted score is 9. The scaling and weighting was done for all the other 14
indicators (not shown in Table 6). In this example, all weighted scores sum up to 88.
Finally, this sum had to be divided by 28 (sum of all weights) to get to the MASAS
score in the last column of Table 6.
Table 6: MASAS matrix
Case

Belongs
to
stratum

Gross
margin
(original
values)

Gross
margin
scaled

Gross
margin
weighted
(weight 3)

All other
14
indicators

Total
sum

MASAS
score

1

Rubberbased

33,825
PHP

3

9

…

88

3.14

2

Coconutbased

14,500
PHP

2

6

…

78

2.79

3
4

MASAS score:
Final sum divided by 28

…

28=sum of all the weights

100

In order to explore relationships between indicators, between indicators and external
factors, or between other dimensions, correlations were calculated and crosstabs
created. Other information, e.g., information that was not used for establishing the
indicators, was analyzed with descriptive statistics or qualitatively. The data was
processed mainly with applicable computer software packages.
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4 Findings
4.1 General findings
In the course of the study, 100 parcels belonging to 90 different farmers were
examined (see Appendix 2). First, a general description of the agroforestry systems
in each parcel assessed and the farmers who manage them is presented.
Of the farmers surveyed, 77 percent were male and 23 percent female. The average
age of the 90 farmers interviewed was 56 years. The figure is almost the same as the
nationwide average age of upland farmers, which is 57 years (PANGILINAN 2011).
Regarding religious orientation, more than 85 percent of the agroforestry farmers
interviewed were Roman Catholic, the remaining 15 percent belonged to other
Christian religions. None of these farmers were adherents to Islam or traditional
religions.
Concerning formal education, while 60 percent of the farmers visited during the study
did not advance beyond primary school, 40 percent attended high school, and eight
percent attended college and/ or university. Surprisingly, on average, the farmers in
the sample went to school for a longer period than the average Filipino farmer (see
Section 2.3).
The size of the agroforestry parcels examined in this study ranges from 0.25 - 20 ha.
The average size of the parcels was 2.28 ha. This is more than 50 percent larger
than the average size of the agroforestry parcels in the more comprehensive Socioeconomic Baseline Study conducted by the GIZ-REDD project in Southern Leyte
(GIZ-REDD 2011).
When investigating agroforestry systems, another important aspect is the number of
trees included. The average number of trees per hectare in the parcels covered by
the study is 344, but this varies between study sites: On average, there are 305
trees/ha in Claveria, while there are 361 trees/ha in Southern Leyte.
One possible explanation for the different density of trees in both study sites could be
dissimilarities in terms of prevailing spatial arrangements, with spatially zoned
agroforestry systems (e.g., boundary planting, contour cropping) predominating in
Claveria and spatially mixed patterns (i.e., trees planted all over the parcel) being the
main arrangement in Southern Leyte (see Photo 4). Another explanation could be the
disproportionate number of parcels belonging to a specific strata in each of the study
sites: While rubber-based systems (only found in Claveria) had in average 443
trees/ha, coconut-based systems (only found in Southern Leyte) registered with an
average of 186 trees/ha.
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Photo 4: Spatially mixed agroforestry system, Southern Leyte

Photo: FP

Table 7 shows the number of parcels belonging to each of the six strata of
agroforestry systems in the sample, and how these are distributed among both study
sites. It also illustrates that this distribution is not proportional. The uneven number of
agroforestry systems in each stratum, however, reflects the typical cropping patterns
in Southern Leyte and Claveria as described in Section 2.1.
Table 7: Number of agroforestry parcels examined per stratum13 in both study sites

Stratum
Banana-based
Coconut-based
Coffee-based
Fruit tree based
Rubber-based
Timber tree based
Total:

Southern Leyte

Claveria

5
38
3
11
0
12
69

Total
3
0
7
5
9
7
31

8
38
10
16
9
19
100

4.2 Average MASAS score per stratum
Following the method outlined in Section 3.2, the average MASAS score was
generated for each of the six strata of agroforestry systems (banana-based, coconut-

13

The method of stratification of agroforestry systems in this study is explained in Section 3.2.2.
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based, coffee-based, fruit tree based, rubber-based, and timber tree based). The
result of this calculation is shown in Figure 9.
While it is perhaps overly simplistic to express the results of a diverse and complex
assessment model like MASAS in one single number, the average MASAS score per
stratum is a useful starting point for further analysis. It demonstrates that timber tree
based systems score highest (3.26 on a scale from 1 to 5), followed by rubber-based
systems (3.13) and coffee-based systems (3.12). Coconut-based systems score
lowest (2.76).
Figure 9: Average MASAS score per stratum

4.3 Comparing the scores of sustainability dimensions
Following the approach of the study, as outlined in Section 3.1.1, the environmental
dimension of MASAS is represented by four, the social dimension by two, the
economic dimension by six, and the cross-cutting variable tolerance by three
indicators (see table 8).
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Table 8: Dimensions of sustainability, respective indicators and their weight

Dimension

Economic

Social

Environmental

Crosscutting
(tolerance)

Total
weight

13

3

9

3

Weight

Name of indicator

2

Material input required

3

Gross margin/ (Net present value)

1

Return to labor

3

Consistency of income

2

Risk of pest and disease problems

2

Dependency of production on a single crop

2

Complexity to manage

1

Contribution of the agroforestry system to meet
nutritional needs

2

Soil water storage capacity of crops

2

Share of nitrogen-fixing crops

2

Contribution to soil conservation through deep
rooted perennials

3

Carbon storage potential

1

Level of tolerance to soil pH

1

Level of tolerance to temperature range

1

Level of tolerance to precipitation range

One of the main tasks of the study was to determine whether the agroforestry
systems in Southern Leyte and Claveria are able to generate simultaneous socioeconomic and environmental benefits. In order to complete such an analysis, the
indicators representing the social and the economic dimensions were combined to
form the socio-economic dimension14. Then, for each strata of agroforestry systems,
the scores for the socio-economic dimension, for the environmental dimension, and
for the variable tolerance were generated and compared (see Figure 10).

14

The indicator net present value (NPV) was not included in the socio-economic dimension. It was
analyzed separately (see Section 4.6).
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Figure 10: Scores for MASAS dimensions

Looking at the scores for the three MASAS dimensions (i.e., the socio-economic and
the environmental dimension, and the variable tolerance), considerable differences
can be noted both between the six strata of agroforestry systems and between the
MASAS dimensions. While the timber tree based stratum scored high on every
dimension, other strata (e.g., banana-based and coconut-based systems) scored low
on the environmental dimension and high on the socio-economic dimension. In the
case of the coffee-based and fruit tree based strata, the economic dimension
received much lower scores than the environmental dimension. The rubber-based
strata scored high on both the environmental and the socio-economic dimension but
received the lowest score of all strata for the variable tolerance.

4.3.1 The environmental dimension
The assumption that coconut and banana-based systems are not able to provide all
of the environmental services usually associated with agroforestry to the same
degree as other strata (e.g., soil conservation, soil enrichment) was confirmed by the
relatively low scores calculated for the environmental dimension of the banana-based
and coconut-based systems. While the average score for all cases (i.e., parcels) was
2.85, coconut-based systems only reached a score of 2.44, and banana-based
systems scored even lower at 2.29 (see Figure 10). The other four strata all scored
above the average score calculated for the environmental dimension. Timber tree
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based systems achieved the best results with a score of 3.36 and appear to be the
most environmentally sustainable form of agroforestry.
A surprising result is that the score for the environmental dimension of the fruit tree
based systems is markedly lower than that of the timber tree based systems in the
sample. While most fruit tree species are able to provide similar environmental
benefits to timber tree species, there exists one important difference between the two
strata: Timber tree based systems (like rubber-based and coffee-based systems)
often contain a higher number of trees15 per hectare than fruit tree based systems.
These findings should be interpreted with some caution because a larger sample size
would have provided more definite results.

4.3.2 The socio-economic dimension
For the socio-economic dimension there was less variation in the scores received by
the six strata of agroforestry systems than for the environmental dimension (see
Figure 10). The average score for the socio-economic dimension was 3.00. The fruit
tree based systems scored lowest (2.80), while the rubber and timber tree based
systems received the highest scores (3.20 and 3.27, respectively)16. However, the
conclusion that deep-rooted perennials provide better income must not be drawn
without further research. The main reason for the lower divergence between scores
is the existence of both high-scoring and low-scoring agroforestry parcels in each of
the six strata.

4.3.3 The socio-economic vs. the environmental dimension
In evaluating the environmental indicators, the scores for the socio-economic
dimension of the agroforestry systems covered by the study correlate with the scores
for the indicators soil water storage capacity of crops (r17=0.233, p18=0.021) and
contribution to soil conservation through deep rooted perennials (r=0.282, p=0.006).
In contrast, no significant correlation can be confirmed between the socio-economic
dimension and the indicator nitrogen fixation, nor with the indicator carbon storage
potential. This indicates that a good socio-economic performance of an agroforestry
system does not rule out achieving certain environmental services at the same time.

15

respectively perennials in the case of coffee
Note: Timber, however, has disadvantages: Above all, it usually takes a long time until timber can
be harvested. Therefore, good transition management is essential for this system. Additionally, a socalled Resource Use Permit (RUP) is required to cut the trees. The approval process for a RUP can
be very complicated and take a long time, sometimes even years.
17
r: correlation coefficient
18
p: significance level
16
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For the socio-economic indicators, as expected, there is a negative correlation
between the scores of the environmental dimension of assessed agroforestry
systems and the scores for the indicator complexity to manage (r= -0.241, p=0.016).
Agroforestry systems score higher on the environmental dimension if the number of
different species in a system is higher. But, more species in a system increases the
complexity to manage the agroforestry system because different crops require
different management interventions by the farmers at different points in time
throughout the year. This will of course decrease its scores for the indicator
complexity to manage, explaining the negative correlation.

4.3.4 Tolerance
The variable tolerance assesses the agroforestry systems in Claveria and Southern
Leyte according to how well adapted they are to different, or changing, soil and
climate-related conditions (see Section 3.1.1). This level of adaptation is derived from
all the species used in a system and their ecological requirements. The variable
tolerance cannot be measured by looking at the main crop only, so its assessment at
the stratum level would not be very meaningful. As an alternative, in Section 4.5,
such an assessment will be done for three specific examples of agroforestry
systems.
Nevertheless, it is illustrative to look at the differences between the strata (see again
Figure 10). The relatively low score for rubber-based agroforestry systems might
indicate that the tolerance to changing soil and climatic conditions was not a core
objective when these systems were designed. It would be interesting to examine
whether rubber or the secondary crops in these systems are responsible for the low
score. This question will be raised again when discussing the special cases in
Section 4.5.

4.4 Score per indicator per stratum
In order to illustrate why the average MASAS scores for the six strata of agroforestry
systems varied rather strongly (see Figure 9), the scores for the individual indicators
by stratum are presented and discussed. This will not be completed for all indicators
but only for the most important ones according to their weight, and for some others
showing strikingly different scores across the six strata.

4.4.1 Gross Margin
During focus-group discussions in the field, farmers often confirmed that income
generation is the most important service they expect an agroforestry system to
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deliver. Therefore, the study takes a closer look at the indicators related to monetary
income. Figure 11 shows the scores for the indicator gross margin for all six strata of
the sample.
Figure 11: Scores for the indicator gross margin for each stratum

The outstandingly high score for the indicator gross margin19 of the rubber-based
agroforestry systems shown in Figure 11 cannot only be explained by extraordinary
yields or a high price of rubber itself. Rubber farmers usually achieve substantial
revenue from their parcels, even before they are able to harvest their main crop,
rubber. These high revenues are due to crops grown during the transition period until
the first harvest of the rubber, usually at five or six years. Common transition crops
include vegetables, corn, banana and others.
Good transition management20 – as an outcome of the special training provided to
farmers investing in rubber – appears to be one of the major reasons for the good
income generated from rubber-based agroforestry systems.

19

When looking at the results of this analysis, the limitations of the indicator gross margin (see Section
3.2.3.2) need to be remembered. It would have been better to use the indicator net present value (see
Section 3.2.3.3). Unfortunately, this was possible only for a selected number of agroforestry parcels
but not for the entire sample (see Section 4.6 for more information).
20
The term transition management refers to the way farmers manage their fields during the period
from planting to the first harvest of the primary perennial species of an agroforestry system.
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Another potential reason is the comparatively good access to extension services and
training. Rubber farmers interviewed by the study team received considerably more
extension services and training than other farmers. All rubber-based agroforestry
systems covered by the study are located in Claveria and, in general, farmers in this
area were provided much more extension and training support than their
counterparts in Southern Leyte. Consequently, one can assume that there is a direct
connection between the level of farmers’ capacity and the decision to plant and
manage a rubber-based agroforestry system.21 However, further research is
necessary to verify this hypothesis.
The second stratum scoring above average for the indicator gross margin is the
timber tree based stratum. Essentially, however, this indicator turned out not to be so
useful when assessing the economic benefits of agroforestry systems. While
agroforestry systems normally include perennials, the gross margin considers
variable costs only for a fixed period of time – usually one farming season or one
year. This is especially problematic for timber trees. In agroforestry systems, timber
trees need the longest time period until they can be harvested – in the cases
examined by the study often longer than 10 years. Furthermore, they can only be
harvested once and will not generate any further income. That is why the scores
generated for the gross margin of individual timber tree based systems are rather
ambiguous. These scores highly depend on whether or not timber was harvested
during the last 12 months. Therefore, using the indicator net present value would be
more accurate when assessing the income generated from agroforestry systems in
general and from timber tree based systems in particular. The indicator net present
value and related limitations experienced by the SLE team in using this indicator in
the context of this study will be discussed in more detail in Section 4.6.
An important consideration is that both gross margin and net present value are
calculated using farm gate prices (price of the product at the point that it leaves the
farm) based on data received from local government agencies (see Section 3.2.2).
While for most crops the prices that farmers obtained for their products were close to
these price figures, this was not the case for timber. Most of the farmers interviewed
only received 30-50 percent of the official farmgate price for the timber they sold,
sometimes even less. Essentially, for farmers, the relatively high income generation
potential of timber tree based agroforestry systems as indicated in Figure 11 does
not materialize in reality.

21

According to ICRAF’s expert Dr. Agustin R. Mercado, Jr., “rubber farmers are innovators. They do
not only care about the now, but they also look into the future.” (MERCADO 2011)
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Despite this drawback, a closer look at the gross margin of timber tree based
agroforestry systems reveals important information: Among timber tree based
systems the contribution of support crops (many of which annual crops) to farm
income varies greatly. In some systems, the main share of the income is provided by
support crops like corn and cassava, in other systems support crops contribute
minimally.
The relatively low scores for the indicator gross margin of the coffee, banana and fruit
tree based agroforestry systems resulted from the fact that often, the yield of the
main crop of the system was very poor. However, among the agroforestry parcels
examined, there are also examples of fruit tree and banana-based systems with a
high gross margin. Differences in farm management explain this variation among
parcels within the same strata. In many cases, failure to apply adequate farm
management practices (e.g., fertilizing, pruning, pest control measures), the use of
low-quality seedlings and, in some cases, the fact that perennial plants may be older
than their peak productivity could be responsible for the low income generated in
coffee, banana and fruit tree based systems.
Finally, a significant correlation was observed between the scores for the indicator
gross margin and the indicator risk of pests and diseases problems (r=0.234,
p=0.019). This correlation can be explained by the fact that agroforestry systems with
a high risk for pest and disease infections (and consequently low scores for related
indicator) also have a low gross margin. These systems can easily be infected by
pests and diseases resulting in crop failure or high input costs in order to prevent
potential and combat existing infections.

4.4.2 Consistency of income
The second economic indicator of sustainability that is heavily weighted is
consistency of income22. As previously mentioned, this indicator reflects the ability of
an agroforestry system to produce products through the year resulting in continuous
income.
Banana and rubber can be harvested throughout the entire year. For this reason, the
two strata based on these crops received the highest scores for this indicator (4.63
and 4.56, respectively).
Fruit tree based and coffee-based agroforestry systems generated the least
consistent income (both scored 3.5). The main crops of these systems provided
maximum two harvests during several seasons.

22

When consulted in focus-group discussions, both upland farmers in Southern Leyte and in Claveria
considered the indicator consistency of income as very important.
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It was also found that the scores for the indicators consistency of income and
complexity to manage were negatively correlated (r=-0.225, p=0.024). This can be
explained by the fact that complex agroforestry systems (e.g., systems based on
rubber) score low on the indicator complexity to manage, while scoring very high on
the other indicator.

4.4.3 Contribution to meet nutrition needs
Finally, to represent the social dimension of sustainability, two very different and
rather specific indicators were included in the MASAS. The scores for the first
indicator, ability of the agroforestry system to meet nutritional needs, appear to be
surprising at the first glance. With a score of 3.56, rubber-based agroforestry systems
performed best. Coconut-based systems followed receiving a score of 3.00. This
indicates that the main crop within the stratum does not necessarily need to be an
important food crop for the stratum to receive a high score. Systems based on nonfood crops can still provide significant nutritional benefits from annual crops that also
exist in the agroforestry system. The choice of annual crops and the intensity of
cultivation will influence the nutritional potential.
A closer look at the data collected confirms again the importance of good transition
management such as that practiced by rubber farmers in Claveria. Even on farms
with immature rubber trees great contributions towards nutrition could be realized,
especially if the farm incorporated corn, beans, and vegetables like tomatoes.
Examples of equally good transition management exist in the other five strata, but it
is most common in rubber-based agroforestry systems.

4.4.4 Carbon storage potential
Based on a review of scientific studies, it was expected that certain timber and fruit
trees would have the greatest agroforestry carbon sequestration potential. BRAKAS
& AUNE (2011) and ZEMEK (2009: 59) concluded that mango has the highest
carbon storage capacity in comparison to coconut, banana, other fruit trees and
timber trees. In summarizing some of his findings, ZEMEK (2009) also noted that
three different timber plantations had a higher carbon storage than three different fruit
tree plantations, while a banana plantation had the lowest carbon storage among the
fields examined.23
However, a relatively low carbon storage capacity per plant for banana and coconut
does not have to result in a low carbon storage potential for the entire agroforestry

23

More information on the carbon storage potential of crops used in agroforestry systems in Southern
Leyte and Claveria can be found in Appendix 6.
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parcel. For instance, an agroforestry system with five mango trees cannot be
considered better in terms of carbon storage than a system with 100 coconut trees
on the same land area. Therefore, the indicator carbon storage potential is based on
the total number of woody perennials and bananas planted on the respective
agroforestry parcel (measured in number of perennials per hectare), so the final
score is likely to deviate from the score the main crop in a stratum would receive
when considered alone.
As expected, it was found that the timber tree based, fruit tree based and rubberbased agroforestry systems in Southern Leyte and Claveria have a higher potential
to store carbon in their biomass than the coconut-based or banana-based systems
(see Table 9).
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Table 9: Carbon storage potential of the agroforestry systems studied

Carbon
storage
potential
[MgC/ha/8yrs]*
Carbon
storage
potential
[MASAS
score]

Bananabased

Coconutbased

Coffeebased

Fruitbased

Rubberbased

Timberbased

18.14

25.89

34.12

41.18

36.37

38.24

2.25

3.08

3.70

3.88

3.75

3.84

* Note: These values contain an element of error since they were extrapolated from figures obtained
for parcels often much smaller than one hectare, and due to the limited size of the sample.

4.5 Successful agroforestry systems
In the following, we will analyze special cases where individual agroforestry farms
had different results from the average for the stratum or proved to be illustrative
examples. In every stratum, there are some cases scoring relatively low and others
scoring relatively high. To better understand what indicates a successful (i.e.,
sustainable according to MASAS) agroforestry system, one special case each from
the fruit tree based, rubber-based and timber tree based strata will be examined in
detail. It is likely that there are other factors not captured through the MASAS
approach that also influence the sustainability of agroforestry systems. To most
accurately identify best practices, additional study is needed.

4.5.1 Case 1 – AFS ID 10 of the fruit tree based stratum
AFS ID 1024 of the fruit tree based stratum is an agroforestry parcel in Claveria with
an area of four hectares. On this parcel, the following crops are cultivated:

24

In the survey, every agroforestry system (AFS) examined was coded with an ID number.
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Table 10: Crops cultivated and other information about Case 1 – AFS ID 10
Crops cultivated

Other information
Spatial arrangement:

!

310 mangosteen trees

!

30 durian trees

!

Multi-story agroforestry system

!

8 gmelina trees

!

Boundary planting (timber trees)

!

55 mahogany trees

!

Contour cropping

!

500 coffee robusta plants

!

30 rubber trees

!

25 eucalyptus deglupta trees

!

some dipterocarp trees (no exact
number

! Hedgerow/ alley cropping
(all four types of spatial arrangement
on one single parcel)
Gradient of slope:

!

1 ha of beans

!

1 ha of corn

(fruit trees are very young)

! 9-18 percent
Tenure:
! FP (formal document)
Management practices:
!

Weeding

!

Fertilizer application (chicken
dung, vermicompost)

!

Application of pesticides

!

Pruning

Case 1 has a MASAS score of 3.21 on a scale from 1 to 5. The reason for this
impressive score is that eight out of 15 indicators have a score of either 4 or 5.
As the list above shows, the farmer cultivates a wide variety of different crops, and
hence as a diverse income. This is confirmed by the high score (5) for the indicator
diversification of income. At the same time, the high diversity of crops contributes to
the lower risk for the agroforestry system to be affected by pests and diseases. This
is reflected by a score of 4 for the indicator risk of pests and diseases problems.
The indicator consistency of income holds a score of 4 which means that at least one
crop can be harvested and provide income to the farmer every month.
The environmental indicators soil water storage capacity of crops, contribution to soil
conservation through deep rooted perennials and CO2 storage all have a score of 4.
In other words, this agroforestry parcel provides a wide range of environmental
benefits.
The farmer reported usage of vermicompost for all crops on his farm. The
vermicompost is produced with crop residues and chicken dung sourced from the
farm. According to the farmer’s experience, this type of organic fertilizer is highly
effective in improving soil fertility.
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The farmer is extremely proud of his agroforestry system because he created it by
himself through converting barren grassland into a productive farming operation with
more efficient usage of water and better soil fertility. When asked, the farmer was
also aware of the increased biodiversity in agroforestry systems as compared to
mono-cropping, and he was enthusiastic about boosting the diversity on his entire
farm even further by establishing an “effective bio-flow cycle”.
In general, the farmer was content with the combination of crops that he used.
However, he does not like his gmelina trees because they had a negative impact on
the other crops on the parcel and he wanted to remove them completely.
Most of the mangosteen trees on the parcel were too young to bear fruits but others
were already productive generating medium-level yields despite of the fact that they
had just reached harvestable size.
One part of the MASAS analysis was to investigate the influence of external factors
like membership in farmers’ associations and access to extension and support
services on the overall success of every agroforestry parcel. The owner of the fruit
tree based agroforestry system in Claveria received support in the form of seedlings,
training and extension in the past. Obviously, these inputs were of great help when
the system first was established, especially the training. The farmer appeared to be
very innovative and was interested in new technologies and knew a lot about
conservation farming. The farmer also indicated that he was interested in planting
cacao but the requirements of this tree are too complex for him to handle. He
planned to consult cacao pest management experts at the Central Luzon State
University to learn more about how to treat the trees.
The farmer was also highly committed to the farmers’ association, PO25 SUGA, which
provided him with continued support for several years. In fact, he was one of the
PO’s founders and is still a member today. His main motivation to be a member of a
farmers’ association was the possibility to exchange ideas and knowledge with other
farmers, their joint interest in rehabilitating the environment and working towards
better living conditions, and the chance to receive various kinds of support from
ICRAF. Today, as a member of the Claveria Landcare Association (see 2.3.3), he
has access to new technologies and receives valuable information on how to prevent
soil erosion.

25

PO: People’s Organization
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4.5.2 Case 2 – AFS ID 54 of the rubber-based stratum
The special case chosen from the rubber-based stratum is an agroforestry parcel
also located in Claveria. The parcel is 2.2 ha in area, and the following crops are
cultivated on it:
Table 11: Crops cultivated and other information about Case 2 – AFS ID 54

Crops cultivated

Other information
Spatial arrangement:

!

1,200 rubber trees

!

240 coconut palms

!

!

1,000 banana plants

!

220 durian trees

! Boundary planting
Gradient of slope:

!

0.1 ha camote (sweet potato)

Multi-story agroforestry system

! 9-18 percent
Tenure:
! CLOA (formal document)
Management practices:
!

Fertilizer application

!

Weeding

The MASAS score for Case 2 is 3.54. This relatively high score results from good
performance for both the economic and environmental indicators. The combination of
crops selected by the farmer allows for significant income. This is validated by a
score of 5 for the indicator gross margin.
The score for the indicator consistency of income is also very high (5), resulting from
the fact that rubber can be tapped as frequently as every other day, thus providing a
continuous income stream. The complexity of this agroforestry system demands
advanced management skills, which can be an obstacle to some farmers.
Consequently, the system scores low (2) on the indicator complexity to manage.
Training and extension services provided to farmers can help to overcome the
challenges posed by such complexity.
The indicator risk of pests and diseases problems received a score of 4 in recognition
of the low risk for diseases and pest related problems associated with this
combination of crops.
The high number of rubber trees in this specific case facilitates an impressive
environmental performance of the system demonstrated by the high scores for the
indicators soil water storage capacity of crops (5), contribution to soil conservation
through deep rooted perennials (5) and carbon storage potential (4). Rubber-based
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agroforestry systems can not only generate a good income but also provide
important environmental services.
The agroforestry farmer cultivating this parcel is a member of two farmers’
associations. One of these associations is the Claveria Landcare Association
(CLCA). CLCA promotes agroforestry and encourages farmers to apply innovative
farming technologies. The farmer was also supported by other agencies. He received
fertilizer, pesticides, credit and training. These inputs were of great importance when
establishing the agroforestry farm.
The farmer also expressed interest in planting coffee but acknowledged the need for
training on cultivation practices first.
This example confirms that rubber-based systems have the potential to generate
income and environmental benefits simultaneously. It also shows that managing such
a system is not a simple task. In the context of the Philippine uplands, external inputs
are obviously a precondition for launching a rubber-based agroforestry operation.

4.5.3 Case 3 – AFS ID 62 of the timber tree based stratum
The third special case, which comes from the timber tree based stratum, is a 5 ha
parcel located in Southern Leyte. On the farm, the following crops can be found:
Table 12: Crops cultivated and other information about Case 3 – AFS ID 62

Crops cultivated
!

4,000 mahogany trees

!

20 narra trees

!

20 tugos trees

!

800 coconut palms

!

100 banana plants

!

12 lanzones trees

!

57 durian trees

!

5 ha danzalan (i.e., grown all
over)

!

0.25 ha camote

Other information
Spatial arrangement:
! Multi-story agroforestry system
Gradient of slope:
! 4-8 percent
Tenure:
! CSC (formal document)
Management practices:
!

None
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This case received a MASAS score of 3.71. Similar to the other special cases, nine
out of the 15 indicators score high (4 or 5). The indicator material input required
achieved a score of 4, meaning that only a low material input is needed.
According to MASAS, the environmental performance of the system is excellent as
well. The indicators soil water storage capacity of crops, contribution to soil
conservation through deep rooted perennials and carbon storage potential all
received scores of 5.
Root crops in combination with coconut and banana provide a reliable income source
throughout the year giving the system a consistency of income score of 5. This
diversity of crops also reduces the farmer’s exposure to volatility in agricultural
markets, reflected in the high score (4) for the indicator dependency of production on
a single crop.
A potential drawback of the diversity of crops on the farm is the high level of
management time and skill necessary to maximize yields of many crops. This
limitation is captured in MASAS by the relatively low score (3) for the indicator
complexity to manage.
The farmer received external support through extension services and training, thus
improving his management skills. It was clear that he took a great deal of pride in his
agroforestry parcel, he said: “I have grown good crops and I am very dedicated to
grow more”.
The diversity of this timber tree based system, evident in the variety of timber trees,
fruit trees, bananas, and root crops results in a consistent income, reduced risks and
provision of environmental services.
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4.6 Net Present Value
Despite the many advantages of the indicator net present value (NPV) over the
indicator gross margin (GM; see also 4.4.1), it was not feasible for the study group to
calculate the NPV for all 100 agroforestry systems assessed. Lack of adequate time
and farmer inability to remember inputs and revenues from several years in the past
prevented the team from completing this task. As such, many assumptions had to be
made to compensate this lack of data. These assumptions could not be adequately
made for all agroforestry parcels targeted by the study.
However, it was possible to calculate the NPV for one quarter of the parcels
examined. Perhaps the most important unknown regarding NPV was how the
indicators gross margin and net present value relate to each other. Regarding GM,
as presented in Section 4.4.1, the timber tree based stratum scored second best with
an average score of 2.53. Only the rubber-based stratum scored higher (3.33). In
comparison, the average NPV score for the timber tree based stratum is 2.42. So, for
timber tree based agroforestry systems, there is almost no difference between the
scores for the indicators gross margin and net present value. A look at the individual
systems, however, reveals that important differences do exist (see Table 13): While
some timber tree based agroforestry systems scored low on GM, they received a
high score for NPV (e.g., systems with IDs 36, 62 and 74); other systems show the
opposite relationship with a high GM and low NPV (e.g., IDs 66, 103 and 105). For
these latter examples it is evident that the timber itself and its high yield are
responsible for the relatively high GM scores. All three systems are characterized by
a high number of trees – mainly mahogany – per hectare. Mahogany combines fast
growth with a high yield per tree; and the price of mahogany wood is above that of
other rather fast growing species.
There are also several systems which scored much lower on NPV than on GM. The
reason for these differences are similar for two of the three systems, the ones with
the IDs 66 and 103. They are just mediocre in terms of production values, but the
gross margin was calculated for a year when timber was harvested. For the third
system of this group – ID 105 – the reason is a little different. While here it is also the
case that the harvesting of timber led to a good result in gross margin, the reason for
the mediocre performance in NPV is mainly due to the fact that the farmer told that
his timber trees were only ready to harvest after 19 and 20 years, respectively.
Of the systems with high NPV, there is only one system for which the high score is
not due primarily to the timber. The farmer of system 29 is achieving his high income
for the most part with corn that is grown on only one third of the parcel. This farming
strategy requires significant material inputs like fertilizer, pesticides and quality
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planting material for the corn, stressing again the importance of good crop
management for economically successful agroforestry.
Table 13: Net present value and gross margin for selected AF systems

AF
system ID

Stratum

NPV
[PHP/ ha]

NPV
[MASAS Score]

GM
[MASAS Score]

1

banana-based

- 92,616

1

2

17

coconut-based

-10,536

1

2

37

coffee-based

194,038

3

4

107

coffee-based

-47,562

1

2

10

fruit tree based

142,750

3

3

54

rubber-based

104,636

2

5

13

timber tree based

-85,854

1

1

26

timber tree based

-15,153

1

2

27

timber tree based

66,924

2

2

29

timber tree based

293,606

4

4

35

timber tree based

211,954

3

2

36

timber tree based

389,007

4

1

61

timber tree based

18,703

2

3

62

timber tree based

419,907

4

2

66

timber tree based

89,165

2

4

70

timber tree based

1,114

2

1

72

timber tree based

9,015

2

2

74

timber tree based

390,564

4

1

76

timber tree based

189,639

3

2

77

timber tree based

6,669

2

2

95

timber tree based

31,925

2

2

103

timber tree based

62,959

2

4

104

timber tree based

65,983

2

3

105

timber tree based

18,525

2

5

106

timber tree based

94,334

2

2

As mentioned briefly in Section 4.4.1 in the discussion of the scores for the indicator
gross margin, there are high disparities between official farm gate prices and the real
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prices the farmers interviewed for this study obtained. Farmers usually received only
30 to 50 percent of the farm gate prices for their timber. For other crops, farm gate
and the actual price farmers received were fairly similar. This led the team to perform
a sensitivity analysis, calculating the NPV for the timber tree based stratum with
prices 50 percent lower than the farm gate prices. This analysis led to reduced
scores in nine out of 19 cases. In three cases, the score was lowered by two scales.
Apart from the above-mentioned case in which corn provided the main income,
scores were lowered for all parcels that originally scored 3 or higher on NPV. In total,
after this operation, there is only one system left which scores above two. Looking at
the real values, the NPV of this system fell to less than half of its original value, from
approximately 420,000 PHP/ha to about 170,000 PHP/ha. The average score for the
timber stratum using the reduced NPV is only 1.79.
The NPV was not only calculated for the timber tree based stratum. To provide a
comparison, six other cases were chosen from the different strata. Comparing their
results in gross margin indicator with the NPV demonstrates that five out of these six
systems score lower in NPV than in gross margin. The only one that maintained a
high NPV and GM score is the fruit tree based system as explained in detail in
Section 4.5.1. While the total number of cases for these other strata is very low, it is
remarkable that unlike for the timber stratum there is not a single case in this group
for which the economic performance improves when the long term benefits are taken
into account. One example is the rubber-based system in which the extremely high
annual labor input for land preparation and maintenance leads to high negative gross
margins until the perennial cultures – mainly the rubber – can be harvested. Although
the gross margins for the final years of the 20 year period are very high26, the burden
from the first years leads only to a moderately high NPV after twenty years.

4.7 External factors
External factors play an important role in the analysis because they can influence the
success of agroforestry systems but are not inherent to the agroforestry system itself.
They are therefore external to the system and would not be affected if one system
would be replaced by another.

26

They would always reach a score of 5 according to the scaling for the gross margin from year 7
onwards.
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4.7.1 Land tenure
Due to the vulnerable nature of their land tenure (see Section 2.3.2), some farmers
seemed to be intimidated when they were asked about tenure of their agroforestry
parcels. Nevertheless, all of them answered the question, with more than half of all
farmers indicating that their parcels were their private property.27 Such a share of
private proprietors is extremely high for the Philippine uplands and there is a
possibility that farmers have inaccurately indicated tenure when they did not actually
have it. Farmers may be hesitant to answer that they are illegally cultivating their land
and they might be confused due to the aforementioned fact that some even pay
taxes for lands which are not officially theirs. Still, using this external factor for crosschecks of MASAS scores yielded some interesting results.
Regarding the influence of land tenure on the income farmers generate, it is striking
that farmers without secure and permanent land tenure are generating – apart from
few exceptions – only very little income (see Table 14). All of the farmers cultivating
public land under an official but temporary tenure instrument issued by the
government achieved only a relatively low gross margin (MASAS score 3 or lower).
Despite the general delicacy regarding land tenure there is no apparent incentive for
farmers not to talk about their participation in such a program, so it can be assumed
that this finding is not due to distorted data about land ownership.
On the other hand, 11 out of 58 farmers (19 percent) who claimed to have a private
land title achieved a high gross margin (MASAS score 4 or 5). One can assume that
farmers with private land ownership tentatively invest more in their farming activities
and can therefore earn a higher income. This assumption is backed by various
farmers without private land title who stated that they would exercise more care
regarding land management and preparation if the land were their own property.
Table 14: Scores for GM by tenurial arrangement [percent of parcels]
Tenurial
arrangement
No title/ tenure
Tenant
Temporary land-use
right on public land
Private property
Total:

MASAS score for gross margin (GM) [percent of parcels]
1
2
3
4
5
Total
(N=29)
(N=45)
(N=10)
(N=9)
(N=5)
(N=100)
1
7
0
1
0
9
4
2
1
1
1
9
11

12

1

0

0

24

13
29

26
47

8
10

7
9

4
5

58
100

N: Number of parcels examined

27

either entitled by land transfer, bought or inherited
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Another assumption regarding land tenure is that insecure land-use rights dissuade
farmers from cultivating trees. Trees represent a long-term investment which needs
several years, in some cases even decades, to yield any income. Farmers who have
insecure land may refrain from this long-term investment and rely more on fast
yielding annual cultures. The number of trees per hectare supports this assumption.
On average, private owners have 370 trees/ha on their agroforestry parcels, while
the value is only 271 trees/ha for parcels managed in another way. There were also
several cases of farmers who stated that they would probably plant more trees if they
owned the land they cultivated. There were some exceptions, such as two farmers
who stated they would resort to corn mono-cropping if they owned the land they are
cultivating.

4.7.2 Formal education of farmers
Based on the interviews, only a small share of participating farmers have Elementary
Grade 3 or a lower level of formal education (see Table 15). Usually the education
information refers to the head of household. There are small differences between the
two regions. Farmers in Claveria were better educated than farmers in Southern
Leyte. However, the analysis did not show any relationship between formal education
and the scores of any of the MASAS indicators.
Table 15: Level of formal education of farmers by region [percent of farmers]

Level of education
Elementary Grade 3 or lower
Elementary Grade 4-6
High school
Vocational school/ college 3rd year
Above college 3rd year
Total:

Southern Leyte
(N=69)
8.7
49.3
27.5
10.1
4.4
100

Claveria
(N=31)
3.2
51.6
19.4
9.7
16.1
100

Total
(N=100)
7
50
25
10
8
100

N: Number of farmers interviewed

4.7.3 Membership in farmers’ associations
Of all upland farmers participating in this study, 67 percent are members of at least
one farmers’ association. Some of the surveyed farmers fulfill positions other than
just being a member; for example presidents or vice-presidents, treasurers or trainers
for other farmers.
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Table 16: Membership in farmers’ associations by region [percent of farmers]

Member status in
farmers’ association(s)
Not a member
Member of one association
Member of one association
(with official function)
Member of two associations
Member of two associations or more
(at least one official function)
Total:

Southern Leyte
(N=69)
36.2
30.4

Claveria
(N=31)
25.8
25.8

Total
(N=100)

20.3

25.8

22

2.9

9.7

5

10.1

12.9

11

100

100

100

33
29

N: Number of farmers interviewed

Farmers were also asked for the reason why they joined an association. Most
farmers had a specific reason, for example, to receive certain kinds of support like
material inputs (seedlings, fertilizer, etc.) or training on topics they were interested in.
Some also indicated exchange of ideas with other farmers as an important reason as
well as better access to government institutions through the association. In addition,
some farmers benefited from membership through the increased prestige associated
with holding an official position. Finally, farmers joined associations in order to
achieve more secure tenure.
In terms of influence on the sustainability of agroforestry systems, membership in a
farmers’ association showed a slight positive correlation with the indicator gross
margin, but it was not significant. There were no correlations with other indicators.

4.7.4 Access to extension and support services
From the discussions held with farmers and resource persons, the study team
developed the impression that non-formal training and access to extension services
appear to be more important for the success of agroforestry farming than formal
education. The data collected, however, did not reveal any significant correlations to
prove such an assumption.
In both study sites, there are farmers who never received any support or extension
services (see Table 17). In Southern Leyte, most farmers received support or
extension services only once, in many cases they were provided with seedlings and
not with trainings. More than 80 percent of the farmers interviewed in Claveria have
received continuous extension support from at least one agency.
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Table 17: Access to extension/ support by region [percent of farmers]

Level of access
No support received
Support received once
Continuous support from one agency or
various types of support received once
Continuous support from one or more
agencies for a long period
Continuous and various types of support
from one or more agencies for a long
period
Total:

Southern Leyte
(N=69)

Claveria
(N=31)
12.7
38.0

9.7
3.2

29.6

22.6

9.9

29.0

9.9

35.5

100.00

100.00

N: Number of farmers interviewed

Among all farmers, 38.7 percent indicated that it would not have been possible for
them to establish their agroforestry system without the support of the agencies. This
is the case for almost half (44 percent) of the farmers in Claveria but only one third
(35 percent) of their counterparts in Southern Leyte.
In Claveria most farmers have been receiving support from only one agency:
Landcare. But, this support has been continuous and has taken multiple forms over
the years. They received seedlings, but also the training on how to cultivate them and
additional support in the form of fertilizers and pesticides. In contrast, most farmers in
Southern Leyte received support only once or scattered from various different
agencies. The support in Southern Leyte was mainly in terms of material inputs like
seedlings or, in some cases, fertilizer and pesticides. Trainings, in contrast, did not
make up a large share of the support in Southern Leyte.

4.7.5 Gradient of slope
Crosschecking the influence of the gradient of slope on the MASAS performance of
the agroforestry systems by correlating gradient of slope with the MASAS indicators
surprisingly did not lead to any significant results. Parcels on steep slopes did not
perform more poorly in providing environmental, social and economic benefits than
the ones located on more level terrain. This is especially remarkable for the income
related indicators, as one common assumption regarding gradient of slope is that
obtaining a high farming income is much more difficult on strongly sloping parcels
than on less steep ones. But even for the indicator gross margin no relation to
gradient of slope was found. It appears that good agricultural production is possible
even in steep areas. One quite encouraging possible explanation for this is that the
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application of soil control measures like contour farming and the use of the Natural
Vegetative Strips-technique can enable good production and income generation even
on steep lands. On the other hand looking at the size of the sample of this study and
the indirect way slope was measured28, it might be necessary to carry out further
research on this question to verify this finding of the study.
Table 18 shows the results regarding gradient of slope in the two study regions. In
general, the slopes of the surveyed parcels in Southern Leyte were steeper than the
ones in Claveria.
Table 18: Gradient of slope of agroforestry parcels by region [percent of parcels]

Gradient
[degree]
>31
19-30
9-18
4-8
0-3
Total:

Southern Leyte
N=65
16.9
23.1
24.6
23.1
12.3
100

Claveria
N=30

Total
N=95
0
13.3
33.3
40.0
13.3
100

11.6
20.0
27.4
28.4
12.6
100

N: Number of parcels examined (for 5 out of 100 no data on gradient of slope available)

4.8 Limitations of the MASAS approach
Applying the MASAS approach led to several very interesting findings concerning the
sustainability of agroforestry systems in the sites studied. Nevertheless, some
limitations of the approach were observed by the team, especially when it came to
analyzing the data collected.
Sample not representative. While it was a significant challenge to collect, process
and assess quantitative and qualitative data of 100 different agroforestry systems,
this sample is still of insufficient size to claim representativeness for agroforestry
farming in the study sites. The systems included in the assessment were carefully
chosen regarding characteristics like crop composition and tenure arrangements.
This lead to a highly diverse sample but consequently the number of cases
representing specific combinations of characteristics is rather small.
Concept of sustainability difficult to operationalize. The final set of indicators
used in the MASAS approach should not be seen as an all-encompassing

28

For inquiring the slope of their agroforestry parcels farmers were asked to estimate the slope of their
parcels by pointing on a sketch showing different slope categories (see Appendix 9).
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operationalization of the concept of sustainability. Several of the variables would
have needed more indicators to adequately measure important issues like, for
example, biodiversity. With the current set of MASAS indicators, however, it is indeed
possible to identify trends and interrelationships for various aspects of agroforestry
that are important when assessing sustainability.
Reliance on secondary data due to the complexity of the subject. The field
phase of only three months was too short to carry out field-based measurements on
the concerned parcels. As such, other methods had to be developed to obtain the
data. One method was to interview farmers about characteristics of the assessed
agroforestry parcels such as the size, number of trees, slope, spatial arrangement
and crops planted. This led in a few cases to rather questionable results, for
example, to extraordinary high numbers of trees per hectare. The second data
source used to substitute for field measurements was secondary data for most of the
environmental indicators. This secondary data of course is not sensitive to local
specifications of each parcel. All indicators were designed and analyzed bearing in
mind these possible shortcomings, and to adequately compensate for them. Still, the
results should not be seen as the ultimate truth in their respective fields, but rather as
carefully crafted approximations.
Lack of data. Some indicators and external factors that were intended to be part of
MASAS were not possible to include in the final set of indicators because sufficient
data about them could not be collected. This is the case, for example, for the
indicators spatial arrangement and suitability for remote areas. For other indicators,
the data we found was not complete. For example, nutritional values of species
which are only of local relevance, labor and material input data for past years and
others were incomplete. In such cases, insufficient data had to be covered by
assumptions in order to be able to calculate values and scores for the respective
indicators. The information for these assumptions was derived from other
agroforestry parcels, secondary data, or just by reasoning. While this can lead to the
blurring of specific attributes of several systems, a transparent use of assumptions
allows for later corrections to the model as well as for changing the assumptions
when new insights allow.

4.9 Conclusions
The MASAS model allowed the team to make a number of important and insightful
conclusions about agroforestry in these regions. The numeric results for the
agroforestry systems and for the strata illustrated that there is a high variance of
results for the individual systems inside the strata. Although the average score of the

70

Findings

strata differ substantially (2.67 for coconut-based to 3.21 for timber tree based), all
strata contain very successful systems according to MASAS.
On the other hand there are also subpar results29 for every stratum apart from the
rubber-based one. This indicates that none of the six strata and their primary crops
should be discounted, while none of them seems to be inherently successful as well.
The exception is the rubber-based stratum. The success of this stratum highlights the
importance of proper management of agroforestry systems, as all rubber-based
systems in the sample are managed by farmers who had access to trainings and
most of them include high material and labor input.
Through a detailed evaluation of the dimensions of sustainability, it becomes evident
that the two overall best scoring strata – timber and rubber based – attain high
scores in the environmental dimension as well as in the socio-economic dimension.
Even among individual systems correlations between the socio-economic dimension
and several of the environmental indicators can be found. This indicates that the
assumption of socio-economic and environmental benefits being in conflict with each
other cannot be confirmed by this study. On the other hand, socio-economic services
are related to environmental benefits.
When looking at the individual indicators it is evident the rubber-based stratum is by
far the most successful stratum for income generation. This is due to the fact that
rubber-based agroforestry systems score well even for cases in which the rubber
itself cannot be harvested yet. This points to the importance and the potential of good
transition management. To achieve better transition management, more and/ or
improved advisory services from concerned agencies are necessary. Regarding the
environmental indicators it can be concluded that generally the primary crop of the
strata defines if a system is successful in this area or not. In other words, systems
whose base crops are not able to provide the environmental services evaluated in
the MASAS (especially coconut and banana) usually are a lot less successful than
the systems whose base crops are good at providing these services (especially fruit
trees and timber).
The results from the NPV calculation for parts of the sample differ strongly from the
results of calculating the gross margin for the individual cases. This highlights the
importance of evaluating financial returns over longer periods of time, given that
some crops take several years before producing income.
The detailed description of the three successful cases (see 4.5), all of which are
sustainable agroforestry systems according to MASAS, provides insight into the

29

MASAS score below the global average of all systems of 2.76
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multitude of factors that combine to create the success of agroforestry farming. The
connecting element is that all three systems are fairly diverse, relying on a
combination of the lead crops (perennials) with annuals. Looking at their score for the
indicator complexity to manage reveals that all of them are highly complex as well.
Other interesting attributes are revealed when the systems are viewed from this
macro level. The fruit tree based systems, for example, successfully utilize selfproduced vermicompost and worm juice30 for fertilizer and pesticide.
The analysis of the relations between external factors and the MASAS scores of the
assessed agroforestry systems yielded surprisingly few results. For most of the
external factors, no connections could be found. Due to the small size of the sample
this should not be understood as a proof that these factors do not influence the
success of agroforestry systems, but more research should be done regarding their
influence.
Nevertheless, for two of the external factors interesting observations could be made.
First it became clear, that none of the farmers using their land with a temporal permit
issued by a governmental program could achieve high income and only very few
farmers with other land tenure situations than private property could.
The other observation regarding the external factor land tenure is that farmers who
claim to own the land they are cultivating average 100 trees more per hectare than
other farmers. This finding supports the assumption that farmers who do not have
secure permanent land-use rights could be less willing to plant trees, as these are
long term investments.
For the external factor access to support and extension services, the observation
could be made that there is a huge regional difference. While in Claveria this access
is widespread and most farmers enjoyed continuous support, this is only the case for
very few farmers in Southern Leyte. This is interesting, because all rubber-based
systems (which performed outstanding economically) are based there and the
farmers employing these systems have received extension and support far above the
average. As rubber-based systems are very complex and part of the economic
success of these systems is due to transition management, this finding should be
kept in mind.
Looking at the limitations of the MASAS-approach it becomes obvious, that in most
sectors the results are more approximations than exact and final results. This

30

Red worms will eat everything organic (e.g., household and farm residues) given into worm beds.
The liquid run-off from such worm beds is called worm juice and can be collected. Worm juice is very
rich in nutrients and can be used as an organic fertilizer. For some crops, it is even effective as
organic pesticide.
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highlights further study needs and suggests that this study should not only be seen
as a compilation of results, but also as a starting point for further research in different
areas.
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5 Recommendations
An important objective of this study is to provide recommendations of how to improve
agroforestry in order to achieve a more sustainable use of the Philippine uplands.
These recommendations will be presented in this chapter and supported by the
quantitative and qualitative findings of the study as well as other own observations
were used. These recommendations will be given regarding different aspects of
agroforestry. The study team will also consider the specific interests of GIZ and
ICRAF, particularly the importance they place on specific interventions within their
own mandate and their areas of work regarding agroforestry.

5.1 The management of agroforestry systems
In this section recommendations on farming practices for agroforestry shall be
provided. Crop management practices and the composition of agroforestry systems
are addressed here.

5.1.1 Management matters
In reviewing the results of MASAS, it became obvious that there were some highly
successful and some less successful cases. Additionally, it was observed that
systems with very similar crop compositions could strongly differ in their performance
of socio-economic indicators. This is most true for the coffee-based, fruit-tree based
and banana-based stratum, but also for the other strata. Often these systems –
which according to the choice of crops apparently were alike – differed regarding
another aspect: the management practices that were applied by the farmers
cultivating them. This led to one of the central recommendations of this study:
Management matters!
As concluded in Section 4.9, the analysis has shown that a wide array of different
systems can yield very good results. This indicates that for an agroforestry system to
be sustainable according to MASAS – thus to combine environmental with socioeconomic benefits – the “how” seems to be more important than the “what”. This
recommendation can lead to a different approach towards the support of
agroforestry. One of the questions that were raised during the preparation of this
study was, if fruit tree based agroforestry in Southern Leyte should be further
promoted despite a history of some failures. The answer to this question according to
the “management matters” approach is, that fruit tree based agroforestry can be
further promoted, but that in order to be successful this must be done in combination
with capacity building on the management of fruit trees – the mere distribution of
seedlings is not sufficient.
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5.1.2 Transition management
The assessed rubber-based agroforestry systems in Claveria were able to provide
socio-economic benefits and environmental services. For the rubber-based stratum,
the variance between the MASAS scores of the individual agroforestry systems is
relatively low (see Table 19). Considering the high scores of rubber-based systems,
the low variance indicates that, unlike in other strata, there were almost no
unsuccessful (i.e., unsustainable) rubber-based systems found.
Table 19: Statistical parameters for MASAS scores by stratum

Stratum

MASAS scores
Number of parcels

Mean

Range

Variance

Banana-based

8

2.83

1.02

0.136

Coconut-based

38

2.76

0.86

0.048

Coffee-based

10

3.12

1.04

0.119

Fruit tree based

16

2.89

1.00

0.076

Rubber-based

9

3.13

0.71

0.049

Timber tree based

19

3.26

2.11

0.203

However, the good socio-economic results for rubber-based systems are only partly
due to the rubber-production alone. The management of the transition period,
between planting and harvesting the first rubber trees, was also very decisive in
determining their overall success. Important details of transition management include
the choice of species as well management practices. Good supporting species are –
dependent on the age of the rubber trees – corn, vegetables, banana and coffee. In
addition, this study could not find reasons inherent to rubber-based systems for the
successful transition management. It seems that the good training that rubber
farmers enjoyed is one major reason for their successful management. Therefore,
capacity building on how to bridge the transition period is highly recommended as a
support for all kinds of tree based agroforestry. In addition, material support for initial
investment needs for systems with designed transition management is
recommended, as our findings indicate that the material input required for starting
these systems is quite high.
These two measures could help overcome a major obstacle in agroforestry in
general: The long period of time until important perennial species can yield income.
In the international debate about agroforestry and development, there are various
instruments that are currently discussed on how to overcome this obstacle. One of
them is the so called conditional cash transfer (CCT), which is based on paying
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regular or nonrecurring compensation to farmers who plant trees, until these can be
harvested. One advantage of the transition management approach over the CCT
would be its ability to empower farmers. Farmers who are trained in transition
management are independently able to bridge the transition period and can actively
improve their income.

5.1.3 Improvement of banana- and coconut-based systems
The banana- and the coconut-based strata had the least positive results regarding
their overall sustainability according to MASAS. This is an important problem
because banana and especially coconut are the main crops for most agroforestry
farming in Southern Leyte.31 It is true that the recommended general focus on
improving farm management practices would already improve these systems, but the
findings indicate the need for additional measures. Virtually all good systems which
scored high in these strata were characterized by being highly diverse, not only being
composed of the lead crop and accompanying annuals. Instead, other perennials –
mostly fruit and timber trees and coconut respectively banana – were part of these
systems. Because of the included other perennials it is no surprise that these diverse
systems are more capable of providing environmental services. Interestingly, most of
these systems also scored above the stratum-average in the socio-economic
dimension.32

5.1.4 Application of inputs and the potential of organic fertilizer
One major constraint for many systems to achieve good economic revenues seems
to be a lack of material input like fertilizer and pesticides. Farmers listed lack of
knowledge about their use as well as the high prices required as barriers to their
utilization.
Farmers deal with the lack of agricultural inputs through innovation, using alternative
techniques such as organic fertilizer and nitrogen-fixing crops successfully, achieving
good economic results. One example is the use of a vermicomposting scheme as
propagated by ICRAF and Landcare in Claveria. This technique is, for instance,
applied by the farmer of the fruit tree based agroforestry system presented in Section
4.5.1. Once established, the only “cost” for the vermicomposting are a few days of
labor per year. In return, this technique does not only provide the farmer with

31

When looking at the data of the Socio-economic Baseline Study (GIZ-REDD 2011), this very high
importance of banana and coconut is even more evident than it is in our sample (in which 43 of 69
cases in Southern Leyte belong to either stratum).
32
Examples for this are the systems with the IDs 86 for banana and 78 for coconut.
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sufficient amounts of fertilizer for his 4 ha parcel33 but also worm juice that is an
effective organic pesticide for banana, coffee and vegetables. Other examples of
alternatives to commercial fertilizers are the application of chicken dung from local
chickens or the use of nitrogen-fixing crops to enrich the soil. The use of these
techniques is still not widespread in the study regions, particularly not in Southern
Leyte. Trainings on how to produce and use organic fertilizers and/ or nitrogen-fixing
crops should be enhanced when supporting agroforestry in the study sites.

5.1.5 Use of quality planting material
As stated in Section 4.4.1 the production values of many species differ vastly from
system to system. This is especially true for fruit trees and coffee, in which yields of
less than a kg per year for each tree were repeatedly observed. The data indicates
that apart from the lack of fertilizer and pesticide application this is strongly due to the
lack of use of adequate planting material. Several of the farmers who experience
these low yields told us that they were not using grafted seedlings. For this reason,
the use of quality planting material is highly recommended. Quality fruit tree and
rubber seedlings are fairly expensive34 and might be unaffordable for some
smallholders. But experiences with timber tree seedlings from some People’s
Organizations, like YISEDA and KUFA in Southern Leyte demonstrate that the
training of farmers in tree nurseries could not only avoid the use of low-quality
seedlings, but could eventually even generate extra income for the farmers engaged.
Thus it is recommended to expand the work in this field and support nurseries for a
broader range of perennials.

5.2 Farmers organizations and knowledge exchange
In this section, recommendations will be provided relevant to farmer to farmer
relationships. How can these be organized and what aspects of agroforestry could be
improved by strengthening the exchange between smallholder agroforestry farmers
in the study sites?

5.2.1 Establishing organizations of farmers
In Section 2.3.3, the successful history of the Landcare Foundation of the Philippines
in Claveria was briefly described. The great importance of this organization for the
support of agroforestry farmers was also validated by the findings of this study. As

33

An amount of commercial fertilizers that is used by other farmers with comparable parcel size and
crop combinations would cost at least 3000 PHP per year.
34
50 PHP for a rubber seedling, even higher prices for many fruit tree species.
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pointed out in Section 4.7.4, farmers in Claveria usually had access to much more
training and support services than farmers in Southern Leyte. Nearly all of this
support in Claveria was provided by Landcare.
There is no farmers’ organization that is comparably well established and widespread
in Southern Leyte. Many of the farmers who apply special techniques like the
production and use of organic fertilizers or more complex agroforestry systems like
the rubber-based ones do so thanks to the support that was provided by Landcare.
The creation of a similar organization in Southern Leyte like this could help to train
farmers, to spread knowledge about agroforestry and to ensure continuous support
for farmers.
One main factor that has helped to establish Landcare in Claveria was the
cooperation of an academic research center (ICRAF) with existing socio-cultural
networks such as farmers’ organizations, women’s groups and church organizations.
It is highly recommended to support a similar process in Southern Leyte connecting
institutions like Visayas State University (VSU) in Baybay and Southern Leyte State
University (SLU) in Maasin City with already existing social networks of upland
farmers.

5.2.2 Exchange between farmers
A direct exchange of experiences between upland farmers from the two study sites is
highly recommended. In Claveria the use of Natural Vegetative Strips (NVS) or other
forms of contour farming, natural fertilizer, and more innovative agroforestry systems
containing non-traditional species (e.g., rubber) is much more common than in
Southern Leyte. Of course, support agencies in Southern Leyte also possess the
necessary technical knowledge to train farmers in the application of new technologies
and the cultivation of non-traditional crops. But farmers may be less hesitant to
change their farming practices when they see that the new practices are tested and
work for other smallholders than if they just hear about these technologies in theory
and must test them individually or if they see them under demo-plot conditions at a
research institution. These visits could be carried out with PO leaders or other
influential community members to ensure broad impacts of the results of the visits.

5.3 Socio-economic context of agroforestry
It is not only the management and design of the agroforestry system itself and the
way farmers organize and exchange knowledge that can enhance or hinder the
possibilities of Philippine upland farmers to achieve a sustainable livelihood with
agroforestry. Another important aspect is the socio-economic settings in which
agroforestry is practiced. This section deals with possible points of intervention in
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order to modify these settings to improve the conditions for upland farmers to make
their living with agroforestry while preserving natural resources.

5.3.1 Land Tenure
Land tenure in the Philippine uplands is often conflicted and regulations are complex.
Upland farmers are negatively impacted by this. A high number of these farmers are
cultivating their land in a state of constant insecurity about their future land-use
rights. There is consensus among academic institutions and international cooperation
organizations that it is necessary to improve land tenure security for upland farmers.
The results of this study support this idea. Upland farmers who do not have secure
and permanent land-use rights have an economic performance (regarding the gross
margin) far below that of farmers who do so with secure land tenure. The related
assumption that farmers who do not have secure tenure rights may be reluctant to
plant trees that take several years until they can yield income was also backed by
this study. This was reflected in the difference in density of trees per hectare between
those who have secure permanent land tenure and those who do not. Thus, this
study recommends that tenure rights should be made easier and should be secure
for farmers in order to make long-term investments less risky for them. This requires
a streamlining of the high number of agencies involved and tenure instruments
applied, as well as an end to the legal limbo many of farmers work in, for instance,
double allocations of parcels, contradictions between written regulations and reality,
difficult and expensive transactions with public authorities.

5.3.2 Framework for timber farming
Despite the fact that the timber tree based stratum scored highest for the overall
MASAS score as well as for the socio-economic dimension, farmers had many
complaints about their experiences with timber farming35 and a large number were
not willing to engage in it again. This can be attributed to two major problems. The
first is that many timber farmers interviewed had to sell their timber for prices far
below the officially estimated farm gate prices and well below the prices they had
imagined when planting the trees.
The second main problem is that the issuances of Resource Use Permits (RUP) by
the DENR which are required to cut timber trees are difficult to obtain for farmers. In
many cases encountered in this study, farmers had to wait for a very long time for
these permits and, according to some of the farmers interviewed, bribes were

35

In Claveria for example the saying „trees you plant today, become gold tomorrow“ was changed by
timber farmers to „trees you planted yesterday, became bubbles today”.
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sometimes required to obtain them. In light of these problems, it is recommended
that despite the good results for timber tree based agroforestry in this study, care
should be exercised in supporting and advising the use of these systems. They
should only be recommended if tree harvest rights can be secured. In addition, clear
communication to the farmers regarding their rights in this area is necessary. As a
second field of action, information and empowerment for the farmers regarding the
timber market is recommended. One possibility for this could be cooperatives of
smallholders for the marketing of timber.

5.3.3 Market access
The market situation for several of the higher priced products of agroforestry is
precarious, especially in Southern Leyte. A rubber market has been until now nonexistent and many farmers did not want to grow coffee or cacao because they did not
know where to sell these products. Therefore, the support of market development in
Southern Leyte is highly recommended to make these crops a viable alternative. The
support and facilitation of public private partnerships (PPP) with companies
interested in expanding their production could be an adequate measure to initiate
that process. There is potential for this to occur, as demonstrated by the recent
interest of the international food corporation Nestlé to invest in coffee production on
Leyte Island, and the high level of national demand for rubber in the Philippines that
currently is met with imports.36 Still, this must be done carefully as experiences of
pineapple farmers from Claveria with the fruit-multi Del Monté have shown that a high
dependency of farmers on a single big company buyer makes them highly vulnerable
to price policies by them. This should be taken into account when designing PPPs.

5.4 Further study needs
Several findings of this study require further studies to be able to adequately respond
to them. On the other hand, several indicators especially from the environmental
dimension could be improved by further field research. The most useful of these
study needs will be presented in this section.

5.4.1 Research on site conditions for system replication
The results of the assessment of tolerance of agroforestry systems have shown that
most systems need specific conditions to maximize yields on a given site. These data

36

During a discussion, Dr. Agustin Mercado, Jr. noted that 1.2 million ha of rubber plantations would
be needed in the Philippines to meet the domestic demand for rubber, and that at present there are
only about 200,000 ha of rubber plantations established in the country (MERCADO 2011-1).
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was often only available on aggregate level (e.g., for municipalities). Additionally, it is
important to consider many more site characteristics than the three assessed in the
tolerance dimension. In order to be able to replicate promising systems in new sites –
for example, rubber-based agroforestry in Southern Leyte – research on prevailing
environmental conditions, for example, soil type or microclimate, should be supported
in order to be able to improve the selection of suitable agroforestry systems for
different locations.

5.4.2 Financial implications of promoting transition management
As described in Section 5.1.2, good transition management could be very beneficial
to agroforestry farmers. In comparison to other options to overcome the challenge of
the long period until trees can produce income, good transition management requires
the farmer himself to bridge this gap, empowering him or her in the process. But is
this option, which implies widespread capacity building, economically viable? A study
to investigate possible costs for the extensive implementation of improved transition
management in comparison to other means of support for tree farmers (e.g.,
conditional cash transfer, CCT) should be carried out.

5.4.3 Improvement of carbon storage measurement
According to the participatory weighing of MASAS indicators, the carbon storage
potential is the most important environmental indicator. However, carbon storage is a
very complex issue. Although the indicator is crafted carefully, with more resources it
could be improved to reflect the changes in carbon storage capacity in plantations of
different ages, as well as to include actual field measures among others. A detailed
discussion on how to improve the measurement of carbon storage potential can be
found in Appendix 6.

5.4.4 Assessment of biodiversity in agroforestry
Section 1.1.2 highlighted biodiversity enhancement as an environmental service
commonly attributed to agroforestry. This concept was illustrated by two farmers who
claimed that the greatest reason they were proud of their agroforestry fields was the
great variety of birds and other animals that can now be found on their land which
were absent when they started cultivation. As explained, due to the great complexity
of assessing biodiversity, this aspect of agroforestry could not be included in the
MASAS approach. However, it would be a valuable and instructive complement to
this study to assess the biodiversity found on agroforestry parcels in Southern Leyte
and Claveria.
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7 Glossary
Annual plant – A Plant that grows for only one season (or year) before dying, in
contrast to a perennial, which grows for more than one season.
Barangay – A Filipino term for a village and the smallest administrative division in
the Philippines.
Budding – The practice of splicing a bud from one tree into the bark of another,
usually to obtain high-quality fruit on hardy, established trees.
Contour – An imaginary line connecting points of equal elevation on the surface of
the soil. A contour terrace is laid out on a sloping soil at right angles to the direction
of the slope and nearly level throughout its course.
Cover crop – A close-growing crop grown primarily for the purpose of protecting and
improving soil between periods of regular crop production or between trees and vines
in orchards and plantations.
Cropping system – The cropping patterns used on a farm and their interaction with
farm resources, other farm enterprises, and available technology which determine
their makeup.
Crown – The canopy or top of a single tree or other woody plant that carries its main
branches and leaves at the top of a fairly clean stem.
Exotic – A plant or animal species which has been introduced outside its natural
range. Opposite of indigenous.
Fallow – Land resting from cropping, which may be grazed or left unused, often
colonized by natural vegetation.
Fodder – Parts of plants which are eaten by domestic animals, these may include
leaves, stems, fruit, pods, flowers, pollen, or nectar.
Forage – Vegetative material in a fresh, dried, or ensiled state which is fed to
livestock (hay, pasture, silage).
Hedgerow (or hedge) – A closely planted line of shrubs or small trees, often forming
a boundary or fence.
Indigenous – Native to a specific area; not introduced. Opposite of exotic.
Intercropping – Growing two or more crops in the same field at the same time in a
mixture.
Monoculture – The repetitive growing of the same, single crop on the same land.
Mulch – Plant or non-living materials used to cover the soil surface with the object of
protecting the soil from the impact of rainfall, controlling weeds or moisture loss and,
in some cases, fertilizing the soil.
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Multiple cropping – Growing two or more crops in the same field in one year at the
same time or on after the other.
Multipurpose tree species – Woody perennials which are grown to provide more
than one product or service.
Multistoried – Relating to a vertical arrangement of plants so that they form distinct
layers, from the lower (usually herbaceous) layer to the uppermost tree canopy.
Nitrogen (N2) fixation – The biological conversion of elemental nitrogen (N2) to
organic combinations or to forms readily utilized in biological processes.
Perennial plant – A plant that grows for more than one year, in contrast to an
annual, which grows for only one year (or season) before dying.
Pruning – Cutting back plant growth, including side branches or roots.
Relay cropping – Growing two or more crops with their growing seasons
overlapping, e.g., the second crop is planted before the first crop is harvested.
Root sucker – A shoot arising from the root of a plant.
Strip cropping – Planting of alternate strips of grasses, or grains with other crops on
contours in order to conserve moisture and decrease erosion.
Sucker – A side shoot from the roots of a plant; a side growth arising from an axillary
bud.
Worm juice – Red worms will eat everything organic (e.g., household and farm
residues) given into worm beds. The liquid run-off from such worm beds is called
worm juice and can be collected. Worm juice is very rich in nutrients and can be used
as an organic fertilizer. For some crops, it is even effective as organic pesticide.
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System of objectives for the study

Impact: Upland areas in the Philippines are managed sustainably contributing to poverty alleviation, environmental protection and social welfare
Attribution gap
Outcome 1
Farmers in Claveria Municipality and Southern Leyte
Province increasingly adopt agroforestry practices optimized
in terms of income generation, environmental services and
social aspects, in line with their livelihood concept
Use of Output 1 & 3-5
Based on the results of the study,
ICRAF and GIZ provide advice to
POs, Local Government and other
stakeholders in their project/
program areas on agroforestry
systems optimized in terms of
income generation, environmental
services and social aspects
Output 1: Description
Agroforestry systems in
Claveria Municipality
and Southern Leyte
Province are identified
and stratified, with
special consideration of
the socio-political
context

Outcome 2
Optimized agroforestry systems in
Claveria Municipality and Southern Leyte
Province serve as an example for
replication in other upland areas

Use of Output 1 & 3-5
ICRAF and GIZ provide
advice to DENR on
national policies in support
of sustainable forest
management and
adaptation to climate
change taking into account
the study results

Output 2: Approach
In close cooperation
with counterparts, an
approach for assessing
agroforestry systems in
terms of their economic
and environmental
benefits and their social
viability developed

Use of Output 4 & 5
GIZ, in close consultation
with all stakeholders
concerned, identify
options for an
improvement of their
interventions in support
of sustainable
agroforestry

Output 3: Assessment
Agroforestry systems in
Claveria Municipality and
Southern Leyte Province
are assessed using the
approach developed

Outcome 3
ICRAF and GIZ’s capacity to
contribute to the debate on the role
of agroforestry in sustainable land
management is further enhanced

Use of Output 2 & 5
ICRAF, GIZ, concerned
national agencies and
other stakeholders
consider economic,
environmental and social
aspects when assessing
agroforestry systems by
themselves

Output 4: Recommendations
Recommendations towards
balancing income and
conservation objectives of
agroforestry systems are
formulated, taking into account
best agroforestry practices and
options for possible replication
of these systems

Use of Output 1-5
ICRAF and GIZ gain
better understanding
on the factors
influencing the
sustainability of
agroforestry systems
in the areas of their
work

Output 5: Discussion
Presentation and discussion
on the assessment of
agroforestry systems
(methodology, its limitations,
assessment results, and the
need for follow-up) given to
ICRAF, GIZ, concerned
national agencies and other
stakeholders

Appendices

Appendix 2
Syst.
ID

8-3

List of agroforestry parcels examined

Stratum

Municipality

Farmer’s
home
Barangay

Age of
farmer
[Years]

Household
size
[Head]

1

Banana-based

Maasin City

Gawisan

42

4

2

Banana-based

Claveria

Luna

56

3

3

Fruit tree based

Claveria

Santa Cruz

72

4

4

Rubber-based

Claveria

Cabacungan

64

5

5

Rubber-based

Claveria

Patrocinio

48

5

6

Rubber-based

Claveria

Patrocinio

48

5

7

Banana-based

Claveria

Rizal

57

9

8

Coffee-based

Claveria

Patrocinio

60

5

9

Rubber-based

Claveria

Santa Cruz

53

4

10

Fruit tree based

Claveria

Patrocinio

65

2

11

Coconut-based

Tomas Oppus

Hugpa

45

4

12

Coconut-based

Maasin City

San Rafael

72

5

13

Timber tree based

Maasin City

Lunas

72

2

14

Coconut-based

Maasin City

San Rafael

82

2

15

banana-based

Maasin City

Gawisan

53

6

16

Coconut-based

Maasin City

Gawisan

53

6

17

Coconut-based

Maasin City

Canyuom

54

6

18

Fruit tree based

Maasin City

San Rafael

75

6

19

Coconut-based

Sogod

San Francisco
Mabuhay

33

6

20

Coconut-based

Sogod

San Miguel

57

2

21

Fruit tree based

Sogod

Plaridel

63

8

22

Coconut-based

Sogod

Plaridel

63

8

23

Coconut-based

Sogod

Hibod-hibod

56

6

24

Coconut-based

Sogod

Catmon

37

6
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25

Fruit tree based

Silago

Katipunan

54

7

26

Timber tree based

Claveria

Poblacion

53

4

27

Timber tree based

Claveria

Poblacion

62

3

28

Coffee-based

Claveria

Luna

59

3

29

Timber tree based

Claveria

Panampawan

73

2

31

Coconut-based

Maasin City

Lunas

70

8

34

Coconut-based

Maasin City

Gawisan

61

9

35

Timber tree based

Maasin City

no information

47

7

36

Timber tree based

Maasin City

no information

40

3

37

Coffee-based

Maasin City

Hinapo Gamay

55

4

38

Coconut-based

Maasin City

Tigbawan

40

4

40

Coconut-based

Sogod

Pancho Villa

66

5

41

Coconut-based

Sogod

Ulahan

64

2

42

Rubber-based

Claveria

no information

62

2

46

banana-based

Claveria

Rizal

47

5

47

Coffee-based

Claveria

Rizal

47

5

48

Fruit tree based

Claveria

Patrocinio

32

6

49

Coconut-based

Maasin City

San Rafael

63

4

50

Coconut-based

Maasin City

Lunas

63

3

51

Coconut-based

Maasin City

San Rafael

51

5

52

Fruit tree based

Claveria

Tamboboan

50

3

53

Coffee-based

Claveria

Santa Cruz

68

6

54

Rubber-based

Claveria

Cabacungan

66

3

55

Rubber-based

Claveria

Kalawitan

65

3

56

Coffee-based

Claveria

Santa Cruz

43

6

57

Coconut-based

Silago

Catmon

38

4

58

Coconut-based

Silago

Katipunan

65

5

59

Coffee-based

Maasin City

Lunas

59

6

60

Coffee-based

Maasin City

Lunas

44
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61

Timber tree based

Maasin City

Pinaskuhan

77

6

62

Timber tree based

Maasin City

Hinapo Gamay

73

2

63

Coconut-based

Sogod

Kahupian

43

4

64

Coconut-based

Maasin City

Nonok Sur

71

6

65

Coconut-based

Sogod

Milagroso

44

10

66

Timber tree based

Tomas Oppus

Cawayan

59

5

67

Coconut-based

Silago

Catmon

70

2

68

Coconut-based

Silago

Katipunan

51

5

69

Timber tree based

Bontoc

Anahao

47

7

70

Fruit tree based

Bontoc

Anahao

47

7

71

banana-based

Bontoc

Anahao

71

5

72

Timber tree based

Bontoc

Anahao

71

5

73

Coconut-based

Maasin City

San Rafael

60

6

74

Timber tree based

Maasin City

Lunas

43

4

75

Fruit tree based

Maasin City

Gawisan

50

10

76

Timber tree based

Maasin City

Lunas

48

5

77

Timber tree based

Maasin City

Hinapo Gamay

64

3

78

Coconut-based

Maasin City

Pinaskuhan

50

6

79

Coconut-based

Sogod

Libas

60

4

80

Rubber-based

Claveria

Patrocinio

66

6

81

Rubber-based

Claveria

Rizal

43

5

82

Fruit tree based

Claveria

no information

68

3

83

Coffee-based

Claveria

Patrocinio

64

6

84

Fruit tree based

Bontoc

Lanise

47

7

85

Coconut-based

Bontoc

Anahao

58

5

86

banana-based

Sogod

San Miguel

40

3

87

Coconut-based

Sogod

Kahupian

48

7

88

Coconut-based

Sogod

Magatas

64

3

89

Coconut-based

Tomas Oppus

Canlupao

69

6
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Coconut-based

Silago

Catmon

49

3

91

Coconut-based

Silago

Katipunan

60

3

92

Coconut-based

Maasin City

Malagana

53

6

93

Banana-based

Bontoc

Anahao

56

6

94

Fruit tree based

Bontoc

Anahao

56

6

95

Timber tree based

Bontoc

Anahao

42

7

96

Fruit tree based

Bontoc

Anahao

42

7

97

Coconut-based

Maasin City

Hinapo Gamay

46

6

98

Coconut-based

Maasin City

Hinapo Gamay

46

6

99

Fruit tree based

Sogod

Libas

57

8

100

Fruit tree based

Bontoc

Lanise

35

10

101

Coconut-based

Bontoc

Lanise

35

10

102

Fruit tree based

Bontoc

Lanise

45

4

103

Timber tree based

Claveria

Poblacion

44

8

104

Timber tree based

Claveria

Poblacion

72

3

105

Timber tree based

Claveria

Patrocinio

48

5

106

Timber tree based

Claveria

Madaguing

56

6

107

Coffee-based

Claveria

Madaguing

55

4
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List of indicators used in the study

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Material input required

Material input

MatIn

2

Every crop was ranked from 1 to 5. Then every agroforestry system received a weighted
sum based on the quantity of different crops in the system.

Scores:
1

2

3

4

5

Very high
material input
required

High material
input required

Medium amount
of material input
required

Low material
input required

Very low
material input
required

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Consistency of income

Consistency of income

ConIn

3

For this indicator, the scores were determined based on the harvesting frequency of the
crops in an agroforestry system. The more frequently one or more crops could potentially
be harvested during one year, the higher the score for the systems. For example, rubberbased agroforestry systems received high scores since rubber can be tapped every other
day. In contrast, systems whose crops can only be harvested once per year (e.g.,
lanzones) or even less frequently (e.g., timber) scored low.
Scores:
1

2

3

4

5

All crops can
only be
harvested once
per year or less
frequently

At least one
crop can be
harvested more
than once per
year

At least one
crop can be
harvested more
than 4 times per
year

At least one
crop can be
harvested every
month

At least two
crops can be
harvested every
month

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Return to labor

Return to labor

RetLa

1

Return to labor is calculated by deducting expenses (except labor cost) from the revenue
and dividing it by the number of labor days.
Return to labor = (revenue – material input costs) / sum of labor days
(PHP/d)

Scores:
1

2

3

4

5

All values up to
150 PHP/d

151-300 PHP/d

301-450 PHP/d

451-600 PHP/d

Above 600
PHP/d
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Gross margin

Gross margin

GroMa

3

The gross margin was calculated by subtracting all variable costs from the income
received from an agroforestry system within 12 months. Local market prices obtained from
the Department of Agriculture, the Bureau of Agricultural Statistics and the DENR were
used to value the agricultural products. Calculation of the gross margin (GM) [PHP/ha]:
GM = GI – TVC
GI: gross income [PHP/ha]
TVC: total variable costs (input expenditure) [PHP/ha]
The scale was developed by estimating how much income an agroforestry of the average
size of a smallholder’s farm in the study area (1.44 ha37), need to provide so that four
persons could live above the poverty line. The result was then converted into a value for
one hectare and divided into five scales. Scale five represents the only scale above the
poverty line, that is, if an agroforestry system can provide an annual income that is higher
than 88,373.93 PHP/ha, then a four person household with an average land size of 1.44 ha
lives above the poverty line.

Scores:
1

2

3

4

5

All negative
values up to 0
PHP/ha

0-22,184.48
PHP/ha

22,184.4944,368.96
PHP/ha

44,368.9788,373.93
PHP/ha

Above
88,373.93
PHP/ha

Full name of indicator

Short name

MASAS
Acronym

Net Present Value

NPV

NPV

MASAS
Weight

In order to calculate the NPV, the net benefits of the different periods of one intervention
have to be discounted to the value of the initial year. The discount rate used was 20
percent. The scaling is retrieved by using the threshold values between the scales of the
indicator gross margin. These values were taken as the annual gross margin for twenty
years and discounted with the same interest rate as the NPVs. The results are the new
threshold values for the NPV indicator. This was done to ensure the comparability between
NPV and gross margin. For example, all cases which had a gross margin of more than
88,373.93 PHP/ha received the score 5, the ones from 44,368.96 PHP/ha up to 88,373.93
PHP/ha received the score 4. So, for the gross margin, the value 88,373.93 PHP/ha
represents the threshold between scores 4 and 5. Discounting this value resulted in a
value of 518,717 PHP/ha, which is the threshold value between scores 4 and 5 for the
NPV.

Scores:

37

1

2

3

4

5

All negative
values up to 0
PHP/ha

0-130,213 PHP/
ha

130,214260,427
PHP/ha

260,428518,717
PHP/ha

Above 518,717
PHP/ha

This value was estimated based on the data of the Socio-economic Baseline Study (GIZ-REDD
2011).
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Risk of pests and diseases
problems

Pest and disease risk

PeDi

2

The scaling of the indicator risk of pests and diseases problems is based on key informant
interviews held with scientists at the Department of Pest Management at VSU, who
provided information on the agroforestry systems in Southern Leyte, and experts at the
Misamis Oriental State College of Agriculture and Technology (MOSCAT), who helped out
with information on the agroforestry systems in Claveria. As a result, all the crops growing
in the systems examined were grouped into five categories depending on the potential
incidence of pests and diseases, the severity and persistence of the infections, and the
dangers in relation to their treatment. Crops under Category 1, for example, carry the
highest risk to be infected, so they receive a score of 1. Then, for every agroforestry
system (i.e., parcel), the two most important crops in terms of area covered were used to
calculate the final score (i.e., the average of the scores of the two most important crops) for
this system.

Scores:
1

2

3

4

5

Widespread,
permanent and
severe
infections

Severe
infections in
certain seasons
of the year

Infections every
year, pesticides
needed to
secure the
harvest

Infections in
some years, but
easy to handle

No infections
known in this
region

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Dependency of production on a
single crop

Dependency on a
single crop

DivCrop

2

This indicator represents the share of the production value of the highest contributing crop.
To establish it, the total value of production of the last 12 months of each parcel was
estimated using farm gate prices. Then, the commodity which contributed the highest
share to the total value was identified and the percentage of its value of the whole
production was calculated. The higher this percentage was, the less diversified the income
that the farmer is able to generate, so the lower the MASAS score for this specific system.
Scores:
1

2

3

4

5

95-100% of
total production
value from one
single crop

81-94% of total
production
value from one
single crop

66-80% of total
production
value from one
single crop

50-65% of total
production
value from one
single crop

Below 50% of
total production
value from one
single crop
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Carbon storage potential

Carbon storage
potential

CO2

3

More than 20 different scientific research papers38 on carbon storage of various land-use
systems were analyzed to approximate the carbon storage potential (megagram carbon) of
such systems per tree species per hectare at eight years of age (MgC/ha/8years). Eight
years was chosen as an age at which most timber and fruit trees were of large size and
could still be compared to the shorter-lived plants.39 This secondary material was screened
for data about sites almost comparable to the sites where the study had been conducted.
Then, the carbon storage potential of individual tree species registered during the survey
was multiplied with their share on the respective parcel. This was done for every single
tree species and finally summed up for each individual parcel. The result of this first
calculation showed the amount of carbon that an agroforestry parcel is able to store if it is
managed with an equivalent number of trees.
In a second step, the amount had to be adjusted with the real number of trees grown on
the parcel to avoid high scores for parcels with only a few woody perennials.
Finally, the adjusted carbon storage potential of each parcel was scored from 1 to 5 based
on range and median.

Scores:
1

2

3

4

5

< 10
MgC/ha/8yrs
(very low
storage
potential)

10-20
MgC/ha/8yrs
(low storage
potential)

20-30
MgC/ha/8yrs
(average
storage
potential)

30-50
MgC/ha/8yrs
(high storage
potential)

> 50
MgC/ha/8yrs
(very high
storage
potential)

Adjustment with total amount of trees per hectare:

38

1

2

3

4

5

0-9
trees

10-19
trees

20-99
trees

100-299
trees

>300
trees

Research papers used: BRAKAS (2011), GINTINGS (2000), ILAO (2010), LACHICA-LUSTICA
(1997), LASCO (1999), LASCO (2000), LASCO (2003), MAGAT (2011), MANDAL (2010), MAROHN
(2007), MERCADO (2007), PRASETYO (2000), RANA (2009), ROSHETKO (2005), SALES (2005),
SALES-COME (2010), SIREGAR (1998), SITOMPUL (2000), SITOMPUL (2001), TJITROSEMITO
(2000), and ZEMEK (2009).
39
Even if a fruit tree is at “maturity” it will still grow much larger and store much more carbon as it gets
older.
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Soil water storage capacity of
crops

Soil water storage
capacity

WatSto

2

Every crop of an agroforestry system was evaluated for its capacity to store water in the
soil. Perennial crops/ trees permit soil water storage better than food crops that are shallow
rooted. Strata with a high number of perennial crops/ trees (500 trees/ha or more) have the
highest soil water storage capacity. They received the highest score (5). Strata with less
trees received a lower score.

Scores:
1

2

3

4

5

Very low soil
water storage
capacity (1-9
trees/ ha)

Low soil water
storage
capacity (10-19
trees/ ha)

Medium soil
water storage
capacity (20-99
trees/ ha)

Good soil water
storage
capacity (100499 trees/ ha)

High soil water
storage
capacity (over
500 trees/ ha)

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Share of nitrogen-fixing crops

Share of nitrogen
fixation

N2fix

2

The scores for this indicator were calculated by using the share of nitrogen-fixing crops
among all crops within an agroforestry system (based on the number of nitrogen-fixing
trees per ha and area per ha covered by peanuts and/ or beans). Common nitrogen-fixing
trees in the study area were narra (Pterocarpus indicus), falcata (Albizia falcataria), ipil-ipil
(Leucaena leucocephala) and acacia (Acacia mangium). Nitrogen-fixing annual crops
considered in the study area were beans (Phaseolus vulgaris) and peanuts (Arachis
hypogaea). Scientific literature did not show any big differences in the amount of nitrogen
being fixed by these species. Therefore, the calculation of this indicator did not result in
significant differences between the nitrogen-fixing crops either.

Scores:
1

2

3

4

5

No N2fixing
trees or
crops

1-100 N2-fixing
trees per ha or up
to 0.24 ha of
beans or peanuts
per ha

101-200 N2-fixing
trees per ha or up
to 0.25-0.49 ha of
beans or peanuts
per ha

201-300 N2-fixing
trees per ha or up
to 0.50-0.74 ha of
beans or peanuts
per ha

>300 N2-fixing
trees per ha or
up to 0.75-1 ha
of beans or
peanuts per ha
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Contribution to soil conservation
through deep rooted perennials

Soil conservation
through deep rooted
perennials

Deep

2

The indicator is based on the number of deep-rooted40 perennials per hectare. The highest
score of 5 was given to parcels in which the number of deep-rooted perennials per hectare
was comparable to that of a natural forest (i.e., 600 or more). The range from 0 to 599
deep-rooted perennials per hectare was divided into four equal sub-ranges to assign the
scores from 1 to 4.

Scores:
1

2

3

4

5

No deep-rooted
perennials

1-50 deeprooted
perennials/ha

51-150 deeprooted
perennials/ha

151-600 deeprooted
perennials/ha

>600 deeprooted
perennials/ha

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Complexity to manage

Complexity

Compl

2

This indicator was established by assigning scores to all strata of agroforestry systems
according to the multitude of activities required for their management and the strictness to
be applied in observing these management activities – based on the requirements of a
strata’s lead crop. ICRAF and VSU experts were interviewed to provide necessary
information. At the same time, the score was lowered if complex secondary perennial and
annual crops were part of a relatively simple (i.e., not so complex) agroforestry system and
vice versa.

Scores:

40

1

2

3

4

5

Extremely
complex

Very complex

Medium
complex

Not so complex

Not complex

Rubber-based
systems

Banana-based
and coffeebased systems

Fruit tree based
systems

Coconut and
timber tree
based systems

The study team considered all trees found on agroforestry parcels in Southern Leyte and Claveria
except rambutan to be “deep-rooted”. Other perennials such as coconut, banana und bamboo were
not considered to be “deep-rooted”. Smaller perennials (e.g., coffee) were only counted half.
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Ability of the agroforestry
system to meet nutritional needs

Meeting nutrition needs

Food

1

First, for each agroforestry parcel, the amount of calories and proteins contained in the
food crops produced in one year was established. This was done by using secondary data
on the respective crops. Then, based on the widely used average human daily nutritional
requirements of minimum 2,100 calories (HAUGHTON 2009:39) and 5.4 g of proteins
(WHO 2002:125) per adult per day, all agroforestry parcels were scored twice – once for
their annual generation of calories, and once for their protein production per year. Finally,
for each parcel the two scores were summed up and divided by 2. In case the result was
in-between two scores, the calories score was weighted higher (e.g., initial score for
calories 2 and for proteins 3: (2+3)/ 2 = 2.5, final score was 2 as calories were considered
slightly more important).

Scores:
1

2

3

4

5

Up to 1 person
can be
nourished for
one year

1 to 2 persons
can be
nourished for
one year

2 to 4 persons
can be
nourished for
one year

4 to 6 persons
can be
nourished for
one year

More than 6
persons can be
nourished for
one year

Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Level of tolerance to soil pH

Tolerance to soil pH

Acid

1

For the scaling of this indicator, the tolerance range to changing soil PH was investigated
for all agroforestry species considered in the study. Subsequently, it was calculated for
each agroforestry system representing the minimum tolerance range applicable for all
species cultivated on a parcel. The basis for the scaling was the prevailing range of soil PH
in Claveria (3.9 to 5.2; MERCADO 2007) and Southern Leyte (4.0 to 7.2; BARRERA 1954,
RIARC FOR HILLY UPLANDS 2011). Only tolerance ranges between 3.9 to 7.2 were
considered for the scaling. For the scaling, the distribution of this range, 3.3 (7.2-3.9) was
divided into 5 equal portions.41 See Appendix 7 for more information on tolerance levels of
crops and related sources of information.

Scores:
1

2

3

4

5

Tolerance to up
to 0.66 of the
soil PH range in
study regions

Tolerance to
0.7-1.3 of the
soil PH range in
study regions

Tolerance to
1.4-2.0 of the
soil PH range in
study regions

Tolerance to
2.1-2.6 of the
soil PH range in
study regions

Tolerance to
more than 2.6
of the soil PH
range in study
regions

41

For example, in system 1, containing two different species crop A tolerates soil PH of 4-8 and crop
B tolerates soil PH 6-8. In this case, the tolerance range of system 1 is soil PH of 6-8. But only the part
of this tolerated range that coincides with the conditions at the study sites is taken into account, 6.07.2. This results in a score of 2.
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Level of tolerance to
temperature range

Tolerance to
temperature

Temp

1

For the scaling of this indicator, the tolerance range to the annual mean temperature for
each crop was investigated (see Appendix 7). Subsequently the part of the tolerated
temperature range that each species cultivated on that parcel had in common was
calculated. The scaling was based on the distribution of this range.42 As the task was
mainly to check if conditions in the study sites are tolerated by the agroforestry systems,
bonus points were added to the score in the case that the range of one agroforestry
system matches the annual mean temperature of Southern Leyte and Claveria. These are
24-27°C for Southern Leyte and 27°C for Claveria.43 Additionally, to reflect the possibility of
replicating the individual agroforestry systems throughout the study sites, it is the aim of
the tolerance indicators to measure the potential of these systems for climate change
adaptation. According to estimations about the effect of climate change on the annual
mean temperature in the Philippines, an increase of two degrees in the study sites is
expected (Villarin/ Castillo 2003:4). An additional bonus point was added if this additional
temperature range (27-29°C) was tolerated by the agroforestry systems. The scaling in
combination with the bonus points led to the situation that systems with very narrow
temperature tolerances could attain high scores. To avoid awarding high scores to not very
tolerant systems, minimum requirements of range wideness for attaining the higher scores
3, 4 and 5 were set.

Scores:
1

2

3

4

5

Negative or 0°
tolerated annual
mean
temperature
range

Tolerated
annual mean
Temperature
range of 1-3°

Tolerated
annual mean
temperature
range of 4-6°

Tolerated
annual mean
temperature
range of 7-9°

Tolerated
annual mean
temperature
range of 10° or
more

Bonus points were added:
!
!
!

1 point for matching the expected future annual mean temperature range including
climate change effects (27-30°C)
1 point for matching half or less of the annual mean temperature range of the study
regions (24-27°C)
2 points for matching more than half of the annual mean temperature range

Conditions for high scores:
!
!
!

42

To obtain a score of 4: Minimum annual mean temperature range is 3
To obtain a score of 5: Minimum annual mean temperature range is 5
At least half of the annual mean temperature range of the study regions to be matched

For example, in system 1, containing two different species crop A tolerates annual mean
temperature from 20 - 30°C and crop B tolerates an annual mean from 25 – 35°C. In this case, the
tolerance range of system 1 is 25-30°C of annual mean temperature. The wideness of this range is
5°C.
43
Value for Southern Leyte is an estimation. It is based on the annual mean for Maasin City at sea
level that is 27°C. The assumption is, that annual mean temperature decreases one degree per 200m
of altitude. The highest agroforestry parcels covered in this survey are estimated to be located at
about 600 m above sea level. For the value of Claveria see AGROMET 2011.
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Full name of indicator

Short name

MASAS
Acronym

MASAS
Weight

Level of tolerance to
precipitation range

Tolerance to
precipitation

Prec

1

For the scaling of this indicator annual mean precipitation ranges for each crop were
investigated (see Appendix 7). Subsequently it was calculated for each agroforestry
system which was the tolerated precipitation range that coincides for all species that are
cultivated on that parcel. The scaling was based on the distribution of this range.44 As the
task was mainly to check if conditions in the study sites are tolerated by the agroforestry
systems, bonus points were added to the score in the case that the range of one
agroforestry system matches the annual rainfall ranges of Southern Leyte and Claveria.
These are 1,810 – 2,135 mm (GTZ 2008) for Southern Leyte and 3,080 mm for Claveria
(AGROMET 2011).

Scores:
1

2

3

4

5

System has a
negative
temperature
range, it should
not work
anywhere

Tolerated
rainfall range
spans 0-750
mm of annual
rainfall.

Tolerated
precipitation
range spans
751-1,500 mm
of annual
rainfall.

Tolerated
precipitation
range spans
1,501-2,250
mm of annual
rainfall.

Tolerated
precipitation
range is 2,251
mm and more
of annual
rainfall

Bonus points were added:
! 1 point if the rainfall range of Claveria is matched by the system
! 1 point if the rainfall range of Southern Leyte is covered half or less
! 2 points if the rainfall range of Southern Leyte is covered more than half

44

For example, in system 1 containing two different species, crop A tolerates annual rainfall from
1,000-2,000 mm and crop B tolerates annual rainfall from 1,500-2,500 mm yearly. In this case, the
tolerance range of system 1 is 1,500-2,000 mm of yearly rainfall. The wideness of this range is 500
mm.
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Appendix 4

Scores for material input by crop
Scores for costs of material inputs at
initial stage (1st year)

Type of
crops

Crop

Very
high
1

High

Medium

Low

2

3

4

X

Lanzones

X

Mango

X

Jackfruit

X

Durian

X

Mangosteen

X
X

Caimito

X

Marang

X

Avocado

X

Colo

X

Guava

X

Lychee

X

Cashew

X

Santol

X

Coco
Palm/ treeBanana
like
Abaca

Timber
trees

5

Soursop (guyabano)

Rambutan
Fruit trees

Very
low

X
X
X

Mahogany

X

Gmelina

X

Acacia mangium

X

Narra

X

Tugas (molave)

X

Lanipga

X

Falcata

X

Ipil-ipil

X

Bagalunga

X

Eucaliptus deglupta
(bagras)

X
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Dipterocarpus

X

Antipolo

X

Lauan

X

Kalumpit

X

Mussisi
Coffee

Root-crops

Arabica

X

Robusta

X

Excelsa/ liberica

X

Cassava

X

Gabi

X

Camote

X

Karlang

X

Ube

X

Other root crops

X

Upland rice

X

Cacao
Rubber

X
X

Beans

X

Other crops Corn

X

Ginger

X

Bamboo

X

Pineapple

X

Peanut

X

Pepper

X

X

Tomato

X

X

Vegetables Eggplant

X

Onion

X

Spring onion

X

Source: MERCADO 2011-2
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Appendix 5

Scores for pest and disease risk by crop and region

Crop
Abaca

Infections
Severe infection of bunchy top virus Ugpong in
Southern Leyte which led to the clearing of some
abaca plantations (SL); Bunchy top; Remove
individual infected plants (Cl)

Score for
Score for
Southern
Claveria
Leyte

2

3

4

5

Acacia
mangium

Botryodiplodia canker

Avocado

Problems with post-harvest pests

4

5

Bagalunga

Minor pests/ leaf-eating caterpillars

5

m

Bamboo

Not known

5

5

Banana

Seasonal infections and can be handled, Bugtok is
main problem, Fungus/ Banana freckle, Yellow
sigatoka, Black sigatoka, Bunchy top, Banana
bract mosaic, Banana streak, Panama/ Fusanum
wilt (SL); Bunchy top (Cl)

3

3

Beans

Attacked by aphids, virus & some borers

3

3

Cacao

Pod rot, cherelle wilt, pests are present but not
serious (SL); Scale, mealy bug (Cl)

3

4

Caimito (Star
Apple)

Not known

5

5

Camote

Bokbok all cropping seasons but still manageable
(SL); Leaf curl (Cl)

2

4

Cashew fruits

Not known

m

5

Cassava

No severe infection, can be managed easily (SL);
Scale insects (Cl).

4

4

3

3

1

4

Coffee excelsa Rust, borer (Cl)

4

4

Coffee liberica Rust, berry borer (Cl)

4

4

Coffee robusta Coffee rust (SL); Rust, berry borer (Cl)

4

4

Citrus/ pomelo Less intensive cultivation no serious problem,
funghi & bacterial disease
Coconut

Massive infestation of Brontispa because of the
wide distribution of coconuts, coconut beetle not
any more (SL); Rhinoceros beetle (Cl)

Colo

Not known

5

m

Corn

Attacked by corn borer esp. during vegetative
stage (SL); Corn seedling maggots, Asiatic corn

3

4
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borer (Cl)

Dipterocarpus Minor occurrence of pests (e.g., curculionid
beetles) but nothing serious

4

5

Durian

Blight, Phytophthora palmivora, bank borer (SL);
Phytophthora palmivora, die back (Cl)

3

1

Eggplant

Infestation to fruit/ stem borer, may be serious
(SL); Fruit and shoot borer (Cl)

3

3

Estaring

m

m

m

Eucalyptus
deglupta/
Bagras

Brown leaf spot, crymphonectria canker, dampingoff, root rot

m

5

Falcata

Infestation by leaf-eating caterpillars happen
seasonally

4

5

Gabi

Minor pest infections only (SL); Frog eye disease
(Cl)

4

4

Ginger

Insect and bacterial (SL); Bacterial wilt (Cl)

3

3

Gmelina

Brown leaf spot, gray leaf spot, sooty mold

5

5

Guava

Infections of anthracnose on fruits and some leaf
feeding caterpillars but not very serious (SL); Fruit
fly, twig borer, sooty molds (Cl)

4

4

Infestation by phyllids was recorded but not
regularly, anthracnose, damping-off, top-killing,
yellow leaf disease

5

5

Jackfruit

Fruit fly, bark borer, twig borer and fungal pink
disease

3

4

Kalumpit

Not known

5

5

Karlang/
danzalan

Not known

4

5

Lanipga

Not known

5

5

Lanzones

Anthracnose (SL); Scale, sooty molds (Cl)

4

5

5

5

Ipil-ipil

Lauan (timber) Not known
Lychee

Erinose mite, leaf miners, fruit/seed/stem borers,
birds and bats (SL); Leaf miner (Cl)

4

4

Mahogany

Curculionid beetle attacks esp. during sapling;
May defoliate the whole tree, algal leaf spot, root
rot, Southern scelotium blight, stem rot; If the plant
is still young, it affects the future growth

2

5

Post-harvest problematic, anthracnose, gray leaf
spot, sooty mold (SL); Leaf hopper, fruit fly (Cl)

4

3

Mango
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Mangosteen

Mites, aphids, fructifier ants, mealy bugs, algal leaf
spot, white thread blight

5

5

Marang

Rind borer (Cl)

5

4

Narra

Anthracnose, brown leaf spot, dieback
anthracnose, leaf blotch, stem blight, tar spot

4

5

Peanut

Pod borer (Cl)

4

4

Pepper

Serious in intensive cultivation, bacterial welk,
mites, fruit fly (SL); Gemini viruses, leaf curl virus
(Cl)

3

3

Pineapple

Disease infections occur in plantations thus
owners resort to pesticide use

3

3

Rambutan

Mealy bugs (Cl)

4

4

Rice

Susceptible to crop pests, need good pest mgmt.
(SL); Rice blast, sheath blight, tungro (Cl)

3

4

Rubber/ hevea Not known
brasiliensis

5

4

Sagimsiman

Not known

5

5

Santol

Infestation due to gall mites but not very serious
(SL); Anthracnose/fruit fly (Cl)

4

4

Sayote
(Sechium
edule)

Melon fly (Cl)
m

3

Soursop
(guyabano)

Leaves may be infected with caterpillars but
nothing serious (SL); Mealy bug, scale (Cl)

4

4

Spring onions

Infection of thrips only, nothing serious (SL);
Thrips (Cl)

4

3

Tiger grass

m

m

m

Tipoo
(antipolo)

Cercospora leaf spot

5

5

Tomato

Fruit borers problem and may become serious
(SL); Blight, leaf curl virus, gemini viruses,
bacterial wilt, leaf miner (Cl)

3

3

5

5

4

5

Tugas
(Molave)

Brown leaf spot

Ube

Disease infections may occur but nothing serious

SL: Southern Leyte; Cl: Claveria; m: value missing
Sources: BAJET (2002), KOBAYASHI (1988), KEY INFORMANTS (2011)
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Appendix 6

Carbon storage potential of selected perennials
Crop

Quantitative [MgC/ha/8yrs]

Qualitative *

Abaca

~10
no long-term sequestration

low

Acacia

51.2 (Leyte)

high

Artocarpus, Marang, Jackfruit,
Avocado, Santol, Sagimsiman, Tipoo/
Antipolo, Colo

~50 **

medium – high

Bamboo

~50 **

medium – high

Banana

~10
no long-term sequestration

low

Cacao

30 **

medium

Citrus

25 **

medium

~25
38.24 (Eastern Visayas)
7.2 (Mindanao)

medium

42.4 (Mindanao)

medium

~45 **

medium

Coconut

Coffee
Dipterocarpus, Narra, Tugas,
Lanipga

79.2

high

Falcata, Lauan

~54
46-62 (Mindanao),
but no good data

high

Gmelina, Ipil-Ipil

~40
34.13 (Leyte),
45.33 (Mindanao)

medium

~30 **

medium

Durian

Lanzones, Mangosteen, Lychee,
Cashew, Guava, Other

~65
72 (Leyte),
58.7 (Mindanao)

high

Mango

143.2

high

Rambutan, Caimito

~50 **

medium – high

Mahogany, Bagalunga

Rubber

42.83 (NE-India)

medium

* Low potential: 0-25 MgC/ha/8yrs;
Medium potential: 25-50 MgC/ha/8yrs;
High potential: >50 MgC/ha/8yrs
** Not enough data. Values derived from limited data available for similar trees.
Sources: BRAKAS (2011), GINTINGS (2000), ILAO (2010), LACHICA-LUSTICA (1997),
LASCO (1999), LASCO (2000), LASCO (2003), MAGAT (2011), MANDAL (2010),
MAROHN (2007), MERCADO (2007), PRASETYO (2000), RANA (2009), ROSHETKO
(2005), SALES (2005), SALES-COME (2010), SIREGAR (1998), SITOMPUL (2000),
SITOMPUL (2001), TJITROSEMITO (2000), and ZEMEK (2009).
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How to do a more precise calculation of carbon storage potential?
The first step would be a more in-depth review of published scientific papers to
gather a list of existing data of various forest trees, fruit trees and tree-like woody
perennials and their carbon storage potential. The unit would be in megagram of
carbon per hectare (MgC/ha). Tree density, or the number of trees per hectare,
should be used in the calculation. For example, if a mango plantation has 143
MgC/ha at age 8 with 100 trees/ha and a given farm has 25 mango trees per hectare
mixed with coconut. Take 143 MgC x (25/100) = 36 MgC/ha for mango's contribution,
and the same procedure will be done for coconut. However, this procedure does not
account for the interaction or competition among coconut and mango when growing
together which may result in different carbon storage potential than if they were
growing separately.
Many papers encountered from this study provided no data on the spacing or density
of trees (number of trees/ha). In the end, due to the limited time for this study, there
was no possibility to investigate more useful data. To avoid a significant bias, the
carbon potential for each parcel was adjusted with the total number of trees.
What would be the best way to measure carbon in agroforestry?
There are different considerations in quantifying the carbon storage of a given
ecosystem, that is, agroforestry. Among them are the age of species, wood density,
growth characteristics of trees, that is, slow or fast-growing, allometry (basically the
shape of the tree), soils and site quality. Tree-like perennial herbs including abaca
and banana normally reach their maturity at 18 to 24 months, much earlier than
forest and fruit trees. Moreover, their turn-over rate is faster than other woody
perennials; hence they represent minimal long term carbon storage. Additionally,
dead wood and litter have rapid decomposition rates in the humid tropics and
represent less storage in these systems than in temperate regions where they can be
substantial.
There are two common ways to measure carbon storage in various carbon pools,
that is, trees, herbs, shrubs, dead wood (above-ground) and, roots and soil (belowground). Measurement methods include destructive and non-destructive sampling.
The former involves the actual harvest of sample trees by directly felling them at 0.3
meters from the ground and dividing their component parts including stems, leaves,
twigs, stumps and branches, both live and dead. Plant parts are oven-dried and
weighed for biomass determination. On the other hand, non-destructive sampling
involves measurement of diameter at breast height (dbh) and total height of individual
trees in the agroforestry farm. Measured parameters are plugged into an existing
allometric equation (derived from the scientific literature) to estimate the biomass of
individual trees. Carbon is frequently computed using a default value of 50 percent
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(IPCC 2001). In the Philippines, carbon is assumed to be 45 percent of the biomass
(LASCO & PULHIN 2003).
Species-specific and site-specific allometric equations are important steps in
estimating the biomass of large or small diameter trees (BROWN et al. 1989; SINGH
et al. 2011). A very good estimate of biomass provides an equally important
assessment of the total carbon stocks as well as the carbon sequestration at species
and stand level (SINGH et al. 2011). Aside from total height and dbh, wood density is
important to improve the precision of the biomass estimate (HAIRIAH et al. 2001;
VAN NOORDWIJK et al. 2002).
There are also possibilities to use remote sensing for measuring the carbon of landuse systems, for instance, LiDAR. But LiDAR is currently not considered to be
accurate enough at the small spatial scale of smallholder agroforestry systems.
In measuring carbon storage of various ecosystems in general, it is deemed
necessary to have a standard protocol. The sampling protocol with a nested design
by HAIRIAH et al. (2001) can be used effectively in timber or fruit tree based
agroforestry. The advantage of this sampling methodology is that it is simple and the
nested design allows one to measure all carbon pools in a systematic way.
Limitations of this study in the case of carbon calculation
An eight-year time horizon was used for this rapid appraisal but should not be viewed
as conclusive. Some of the agroforestry systems (e.g., banana-based) attain high
carbon storage at age 3-4, whereas mahogany plantations reach their maximum
storage capacity at least age 25 (SALES et al. 2005). Additionally, it is important to
note what happens when the rotation age is over and the trees are harvested.
Carbon in mahogany may continue to be stored when used as material for housing or
furniture whereas carbon in mango trees may be immediately returned to the
atmosphere when burned or used as firewood. The differences in carbon storage
potential resulting from the short or long-term sequestration could not be considered
in this study.
Carbon is stored not only in the above-ground biomass but also below-ground, in the
roots and soil. Quantification of these various carbon pools is also very important to
have a total storage capacity of the whole agroforestry system. The literature review
provided scant data on the different woody perennials used under different site
conditions. Such data gaps can be potential topics for masters or PhD theses.
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Appendix 7

Tolerance levels of crops
Tolerated annual
rainfall

Tolerated annual
mean temperature

[mm]

[°C]

4.8-8.0

!1,800

20-25

>4.5

!750

18-30

Avocado

300-2,500

"40

Bagalunga

350-2,000

23-27

2,500-3,500

11-35

1,400-2,450

15-35

Species

Abaca
Acacia mangium

Tolerated soil
pH value

Antipolo

Bagras

6-7.5

Baguio beans

Wide range

Bamboo

Wide range

Banana

4.3-8.3

Bell pepper

5.5-6.5

Black pepper

4.3-7.4

Cabbage

4.3-8.3

Cacao

4.3-8.7

Caimito

4.4-7.5

Cashew

25-32
1,000-1,500
20-25
1,000-5,000

21-35

4.3-8.7

500-3,200

15-35

Cassava

4.3-8.0

500-2,500

25-29

Citrus pomelo

5.6-6.0

500-2,000

25-30

1,000-2,000

20-34

Coconut
Coffee excelsa

4.4-6.5

!1,900

13-26

Coffee liberica

4.4-6.5

!1,900

13-26

Coffee robusta

4.4-6.5

!1,900

13-26

Corn

4.3-8.3

!610

18-40

Cowpea

4.3-8.3

750-1,100

27

Durian

4.3-8.0

!2,000

25-35

Eggplant

4.3-8.7

Colo

Estaring

20-27
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Falcata

>4.5

1,000-4,500

20-30

Ginger

4.3-7.5

!1,500

20-30

All

750-4,500

21-28

Guava

5.5-7.5

700-3,700

15-35

Ipil-ipil

6-7.7

1,000-4,520

18-28

Jackfruit

5-7.5

!1,500

16-22

4.3-8.0

2,000-3,000

25-35

unspecific

1,500-2,500

21-35

Mango

5.5-7.5

500-2,500

24-27

Mangosteen

4.3-8.0

!1,200

20-30

750-2,600

22-32

Gmelina arborea

Kalumpit
Karlang
Lanipga
Lanzones
Lauan

At least 4.2-8.2

Lychee
Mahogany

Marang

Highly alkaline

Molave
Mungbean
Narra

20-30
"7

!900

21-35

Papaya

6.0-6.5

!1,200

21-35

Peanut

4.3-8.3

450-650

25-30

Pigeon pea

4.3-8.4

500-2,500

18-30

Pineapple

3.5-7.8

500-2,500

16-30

Rambutan

4.3-8.0

2,000-3,000

22-35

Rubber

4.3-8.0

1,500-4,000

23-28

Sagimsiman
Santol
Sayote

Wide range

Sorghum

4.3-8.7

450-650

Soursop

6.1-6.5

!1,000

Soybeans

4.3-8.4

22-30
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Squash

6.0-6.7

18-30

Sweet potato

4.3-8.7

460-1,000

!24

Taro

4.3-8.7

!2,500

21-28

4.3-8.7

!460

Tiger grass
Tomato
Ube
Upland rice

4.3-8.3

18-40

Literature sources: DEL CASTILLO (1994), VON CARLOWITZ (1991), FRIDAY (1999),
IRR (1992), DENR (1998), FAO (2004), HENSLEIGH (1998), VERHEIJ (1992), CORONEL
(1993), RODRÍGUEZ (2006)
Database sources: AGFISHTEC PORTAL (2011), ECOCROP (2011), AGROFORESTREE
DATABASE (2011), LEARN2GROW (2011), CROPSEARCH (2011)
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Description of disregarded indicators

In the course of the study, some indicators initially considered to be part of MASAS
were eventually disregarded for numerous reasons, the major ones of which will be
explained below:
Spatial arrangement
It was assumed that the spatial arrangement of crops on one parcel influences the
success of an agroforestry system. A good spatial arrangement can improve the soil
control potential and thus can increase the production compared to monoculture and
consequently the economic indicators of the system. During our first field visits and
data collection visits two major problems were encountered. First, not all systems
could be visited. Due to the remoteness of some farmers, interviews were held in the
offices of the Municipal Agricultural Offices, not at their farms. In addition, in Southern
Leyte basically all agroforestry systems are multi-story or multi-story combined with
contour. In Claveria several different spatial arrangements were observed. However,
very often several spatial arrangements were used together on one parcel. In both
cases it was extremely difficult to assign a concrete type (or two or three types) of
spatial arrangement to one parcel. Thus, it was not feasible to infer from the spatial
arrangement that it has an influence on other indicators.
Labor input
Labor input as an indicator should have measured the amount of labor that is needed
to fully establish an agroforestry system and assess whether an average household
can establish such a system on its own or whether the household would require
external labor. If external labor is necessary such a system could be unaffordable to
farmers who cannot pay for hired labor. However, farmers already had difficulties in
recollection of the amount of days they spend for a certain agricultural activity and
the amount of hours per day differed from farmer to farmer for the same crop and
also within one farm. The limited time for each interview did not allow inquiry into
these specific questions.
Social acceptance
In development cooperation in general it is very important that new techniques that
are promoted that could imply modifications in behavior are socially accepted by
target groups. If new techniques are not accepted, sustainability of interventions in
the sense of creating ownership by the target groups cannot be attained. This means
that to adequately assess the sustainability of agroforestry systems, objections to
farming systems or their management must be evaluated. Reasons that farmers may
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accept or reject new systems could be conflict with cultural and religious norms or
conflicts with other time use interests of farmers of these new practices.
To use this idea of social acceptance as an indicator for the sustainability of
agroforestry systems, it is necessary that farmers in the study sites have widespread
shared beliefs about what is accepted and what is not accepted concerning
agroforestry farming. Assumptions were made by the study team regarding what
aspects of agroforestry could hinder the acceptance of different farming systems.
Three central issues were identified:
1. Labor intensity of agroforestry systems. It was assumed that farmers might not
depend on agroforestry as their only source of income, and needed time for
performing non-farm wage labor. If this were the case agroforestry systems that
require a high labor input could be unacceptable to farmers.
2. Traditional division of labor between men and women. It was assumed that
homogenous concepts about what is women’s work and what is men’s work might
exist among the farmers and that there might be little willingness to change these
workloads. According to this assumption, it could lead to rejection of certain
agroforestry systems if they require a change of these traditional gender roles.
3. Rejections of individual species. It was assumed that for cultural, religious or
other popular beliefs the cultivation of certain species might be resisted regardless of
their environmental or economic value. One example is a popular belief that exists in
some parts of upper Claveria according to which the plantation of trees provokes
early death.
During focus group discussions and also during the first individual interviews it was
investigated if the farmers in the project sites had common beliefs and opinions of
these issues. The results showed that there were almost no beliefs and perceptions
common across the majority of participating farmers about these three topics.
Without common perceptions there is no base against which it could be verified if an
agroforestry system is socially accepted. This is why the indicator social acceptance
is not part of the final set of indicators used for this study.
Allelopathy
It has been observed in agroforestry systems that some crops produce chemical
compounds that affect the growth of other agricultural crops such gmelina, gabi,
beans, ipil-ipil, bagras, tomato, mangium, ube, mango, and corn. Gmelina, for
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example, suppresses germination and early growth of corn, bean and peanut (RAO
et. al. 1998) grown under the tree. While, bagras has deleterious effect on the
biomass of roots and results in less shoot production per plant of the mentioned
crops. However, information on the impacts of allelopathy of the combination of crops
on every spatial arrangement in agroforestry systems was not possible to obtain.
Hence, more studies are needed on this topic. Given the present stage of
agroforestry research, the priority should be to evaluate commonly used plants in
agroforestry systems for their allelopathic interactions with other crops/ trees (NAIR
1993: 252).
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Slope sketch used during the interviews

Drawing: Zara Lee Casillano
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Agencies and their support services
Extension sessions / training courses provided*

Contour farming (6); Agroforestry: conservation agriculture,
interaction of timber with annual crops, rubber product (4);
Cultivation of rubber (4); Livestock raising (2); Research and
development for rubber (2); Cultivation of timber trees (2);
Natural fertilizer (2); Upland rice (2); Water conservation (1);
Seedlings: bagging and propagation (1); Cultivation of
banana (1); Cultivation of fruit trees (1); Grafting and planting
(1); Soil cultivation (1); Organic vegetable production (1);
Abaca and contour arrangement (1); Leadership training (1)
Soil cultivation (3); Cultivation of different spices (3);
Department of
Application of spray on coconut and abaca (2); Cultivation of
Agriculture (DA)
root crops (2); New varieties of rice (2); Seedlings: bagging
and propagation (2); Agricultural technologies (1); Cultivation
of rice (1); Cultivation of fruit trees (1); Grafting and planting
(1); Integrated Pest Management (2); Seminar on abaca
handcrafting (1); Livestock raising (1); Organic vegetable
production (1); Application of fertilizers (1); Cultivation of
coconut (1)
Livestock raising (2); Contour farming (2); Nursery
Farmers'
management (3); Maintaining, cultivating land (2);
associations in
Reforestation (2); Bagging fruits
general
(1); Vermicomposting (1); Seedlings: bagging and
propagation (1); Cultivation of timber trees (1); Livelihood (2);
Management on cooperative systems (1); Handicraft/
charcoal making (1); Pests and diseases for root crops (1)
Local Government Seminar on abaca and coconut disease (2); Cultivation of
fruit trees (1); Grafting and planting (1); Cultivation of coffee
Unit (LGU)
(1); Sexual propagation for fruit trees (1); Loan (1);
Cultivation of spices (1)
Reforestation (5); Grafting and planting (1); Book keeping/
Department of
accounting (1)
Environment &
Natural Resources
(DENR)
Land management (1); Reforestation (2); Seedlings: bagging
German
and propagation (1); Financial assistance for timber trees
Development
Cooperation (GIZ) (1); Cultivation of timber trees (1); Cultivation of coffee (1)
Tenancy (1); Cultivation of rice (1); Management on
Department of
cooperative systems (1); Contour farming (1); Cultivation of
Agrarian Reform
coconut (1)
(DAR)
Agroforestry: conservation agriculture, interaction of timber
University of the
with annual crops, rubber product (2); Soil cultivation (1);
Philippines, Los
Contour farming (1); Water conservation (1)
Baños (UPLB)
Cultivation of banana (2); Cultivation of timber trees (1);
Visayas State
Cultivation of fruit trees (1); Marketing (1)
University (VSU)
Simple Book-keeping (2); Livestock raising (1); Cultivation of
Rural
rice (1); Livelihood training (1)
Development
Institute (RDI)
Cultivation of coconut (2); Application of fertilizer (1)
Philippine
Coconut Authority
(PCA)
Cultivation of coffee (3)
Nestlé
World
Agroforestry
Center (ICRAF)

Total*
(33)

(25)

(20)

(8)

(7)

(7)
(5)
(5)
(5)
(5)
(3)
(3)
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Fiber Industry
Development
Authority (FIDA)
Comprehensive
Agrarian Reform
Program (CARP)
Misamis Oriental
State College of
Agriculture &
Technology
(MOSCAT)
Center for
Agriculture &
Rural
Development
(CARD)
Katipunan, Imelda,
Catmon
Community
Farmers
Association, Inc.
(KICCFA)
National Abaca
Research Center
(NARC)
International Rice
Research Institute
(IRRI)
Lamac MultiPurpose
Cooperative
(LMPC)
Cooperative Bank
of Misamis
Oriental
Central Luzon
State University
(CLSU)
Coco Federation

Pest control (1); Cultivation of abaca (1); Application of
fertilizers (1)

(3)

Cultivation of fruit trees (1); Management on cooperative
systems (1)

(2)

Agroforestry: conservation agriculture, interaction of timber
with annual crops, rubber product (1); Contour farming (1)

(2)

Cultivation of abaca (1); Cultivation of coconut (1)

(2)

Seedlings: bagging and propagation (1); Handicraft/ charcoal
making (1)

(2)

Cultivation of abaca (1)

(1)

Upland rice (1)

(1)

Financial assistance in planting cassava (1)

(1)

Loan for the extension of rubber plantation (1)

(1)

Inland aqua culture (1)

(1)

Cultivation of coconut (1)

(1)

Church

Cultivation of spices (1)

(1)

Xavier University
Buenavista,
Pamahawan,
Mahayahay
Cooperative
(BuenaPaMa
Coop.)

Livestock raising (1)
Cultivation of banana (1)

(1)

* The figures put in parentheses indicate the number of extension sessions and
training courses provided to the farmers interviewed.

(1)

Appendices

Appendix 11

8-33

Questionnaire

Instructions to the interviewer: Please do not leave any item unanswered. If the
respondent does not know the answer to a question, please indicate “Does not know
or NK”. If the question does not apply to the respondent or if the respondent does not
give any answer to a question despite attempts to clarify and simplify the question
please indicate “Not Applicable or NA”.

Number of questionnaire:
Province:
Barangay:
Name of enumerator:

Date of interview:
Time of interview:
Strata:

1 IDENTIFICATION
1.1

Household identification No. from the Socio-economic Baseline Study (GIZREDD 2011):

1.2

Agroforestry system (parcel) No. in this survey: ……

1.3.1 Name of respondent: …………………………………………
1.3.2 Age: ……

1.3.2 Sex: …… (1: Male; 2: Female)

1.3.3 Religion ……

(0: None; 1: Roman Catholic; 2: Aglipay; 3: Islam; 4: Iglesia Ni Cristo; 5: Filipinista;
6: Jehovah’s witnesses; 7: Baptist; 8: Others, please specify)

1.4

Name of household head: …………………………………………

1.5.1 Overall household size (total number of people
who live in the household for at least nine months a year): ……

1.5.2 Number of adult household members (14 years or over): ……
1.5.3 Number of children (0-13 years): ……
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2 SOCIAL ASPECTS
2.1 Capacity of farmer
2.1.1 Who does usually decide on farming activities? …………………………………
(A: Husband; B: Wife; C: Other, please specify)

2.1.2 How many years did that person go to school? ……
0: No grade completed
1: Pre-school - Elementary
11: Grade 1
12: Grade 2
13: Grade 3
14: Grade 4
15: Grade 5
16: Grade 6 or 7

High School
21: 1st year
22: 2nd year
23: 3rd year
24: 4th year
25: vocational

College
31: 1st year
32: 2nd year
33: 3rd year
34: 4th year
41: College grade
42: Post college grade

2.2 Availability and regularity of support and extension services
2.2.1 Do you have or have you had before access to support and extension
services? Yes: …… (fill the table below) No: …… (proceed with 2.3)
Item

Responsible
agency

Availability
How
How
often?
long?

Which training courses/
extension sessions did
you attend?

Fertilizer
Pesticides
Irrigation
Loans & credits
Seedlings
Extension, education, training,
research & development
(specify on what issue)
Other farm inputs (specify):
...............................................

2.2.2 Could you have applied your agroforestry system without that support?
Yes: …… No: …… Why? …………………………………………
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2.3 Acceptance
2.3.1 What activities are very important for you apart from farming your own fields?
Off-farm activities (farming, but not on
own fields, rewarded)
Non-farm activities (activities not
related to farm work, rewarded)
Others (e.g., cock fight, church,
sports, games, family time, etc.)

……
……
……

2.3.2 Is it more important for you to work all day on your farm or to have time for
other activities (referring to the table above)?
(Please check)

[......] Strongly prefer working on own farm; [......] Prefer working on own farm;
[......] No preference;
[......] Prefer other activities if compatible with work on own farm
[......] Completely prefer other activities
2.3.3 Are you proud of your agroforestry system/ the crops you are planting?
(Please check)

[......] Extremely; [......] Very much; [......] Somewhat;
[......] Not very much; [......] Not at all
Why? ………………………………………………………………………………
2.3.4 What would make you even more proud? …………………………………….
Why? ………………………………………………………………………………
2.3.5 Are there any crops and/ or trees that you don´t like to plant?
Yes …… No: ……
If yes, which crops and trees? …………………………………….
Why? ………………………………………………………………………………
2.3.6 (If not mentioned) Are there any timber trees which you don’t like to plant?
Yes …… No: ……
Why? ………………………………………………………………………………
2.3.7 (If not mentioned) Are there any fruit trees which you don’t like to plant?
Yes …… No: ……
Why? ………………………………………………………………………………
2.3.8 Would you like to plant coffee?
Yes …… No: ……
Why? ………………………………………………………………………………
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2.3.9 Would you like to plant rubber?
Yes …… No: ……
Why? ………………………………………………………………………………
2.3.10 Would you like to plant cacao?
Yes …… No: ……
Why? ………………………………………………………………………………
2.3.11 What activities are usually done by women and by men?
Activity

Done by women

Done by men

Land preparation: digging holes
Land preparation: plowing
Under-brushing
Planting seedlings and seeds
Weeding
Harvesting
Cultivating root crops
Growing trees
2.3.12 Would it be acceptable for you to change this distribution of work among
women and men if a farming system requires so?
(Please check)

[......] Completely acceptable; [......] Somewhat acceptable;
[......] Not acceptable;
Why? ………………………………………………………………………………

2.4 Membership in farmers’ associations and function
2.4.1 Are you a member of a farmers’ association?
No: …… (proceed with 3.1)
Yes: …… (complete the table below)
Name of
association

Year joined

Current position
(if any)

Reason for
joining

2.4.2 What support does this association provide? …………………………………
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3 AGROFORESTRY SYSTEM
3.1 Parcels

3.1.1
How many parcels do
you have? (number
them from 1 to n)

3.1.2
Do you practice
agroforestry on them?
(if so, list main crops)

3.1.3
What is the size
of the parcels?
(AF parcels only)

Check, number
agroforestry
parcels used for
further analysis

3.2 Spatial arrangement
3.2.1 Do you plant your crops in rows or in some kind of spatial arrangement?
(Note for interviewer: Please show illustration of different spatial arrangements to
farmer; multiple answers possible.)

Agroforestry parcel No. 1: ……

Agroforestry parcel No. 2: ……

Agroforestry parcel No. 3: ……

Agroforestry parcel No. 4: ……

(1: Hedgerow/ alley cropping; 2: Contour/ buffer strips;
3: Multistory without linear arrangement; 4: Boundary planting)

3.3 Gradient of slope
3.3.1 How steep is the slope of your agroforestry parcels?
(Note for the interviewer: Please show illustration of different slopes to farmer.)

Agroforestry parcel No. 1:
[......] 0-3% [......] 4-8% [......] 9-18%

[......] 19-30%

[......] > 30%

Agroforestry parcel No. 2:
[......] 0-3% [......] 4-8% [......] 9-18%

[......] 19-30%

[......] > 30%

Agroforestry parcel No. 3:
[......] 0-3% [......] 4-8% [......] 9-18%

[......] 19-30%

[......] > 30%

Agroforestry parcel No. 4:
[......] 0-3% [......] 4-8% [......] 9-18%

[......] 19-30%

[......] > 30%
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3.4 Agroforestry information table (Table completed for agroforestry parcel No. ...... Refer to past 12 month, Aug 2010 to Aug 2011)
Crops
Only for perennials
and
trees on Year a) After how many
this
of
years ready for
parcel install- harvesting (fruit/
within
ation
timber)?
past 12
b) Which practices
months
do you apply for
perennials?
Code1

a.

Code 1 (crops planted)
1: coconut
2: banana
3: abaca
4: rice
5: lanzones
6: jackfruit
7: durian
8: other fruit tree (specify):
..........................................
9: cassava
10: gabi
11: camote
12: karlang
13: other rootcrops
(specify): ................

Consistency of
Effecincome/ production
tive
area
How
Which
[ha]
many
months?
or
times did
number
you
of trees harvest in
(past 12 past 12
months) months?

b. Code2

14: gmelina
15: mahogany
16: other timber tree
(specify): ................
17: coffee liberica
18: coffee robusta
19: cacao
20: rubber

Qty

Production
(past 12 month)
Unit
Con- Total
ver(raw
sion form)
factor [kg]
(unit
to kg)

How
How
Selling price Where
Material input
much much of [PHP per unit
did
of it
it did
you
PHP
Unit
Kind
Cost Used
do
you
sell it?
of
[PHP]
for
you
coninput
how
sell? sume?
many
yrs?

Code3

Code 2 (practices)
0: None
1: Weeding
2: Fertilizing
3: Pruning
4: Pesticide applic.
5: others (specify)
..............................

Code 3 (units)
1: kg
2: sacks
(Rice=21kg/ 40kg;
karlang/ camote/
coco=50kg)
3: cavans
4: bunch
5: taro/ balde
(7kg; 16kg; 20kg)
6 pieces
7 ganta (2.25kg)
8 kaing
9 box
10 can
11 other (specify):

(Use one table for each agroforestry parcel and add more tables if needed)

Code3 Code4 Code5

Code 4 (place of sale)
1: farm
2: market " 20 km away
3: market > 20 km away
4: other, non-market " 20
km away (specify, e.g.,
road): ..........................
5: other, non-market > 20
km away (specify): ....
....................................
6: buyer " 20 km away
7: buyer > 20 km away

Code 5 (material input,
past 12 months):
1: seedlings
2: fertilizer
3: liming/acidification
4: soil conditioners
5: pesticides
Long-term use:
6: hand tractor
7: plow
8: thresher
9: sprayer
10: water pump/ motor
11: carabao
12: cow

13: horse
14: bolo/ bungay
15: lagarao
16: pala
17: bara/ luwad
18: sucker/ big bara
19: other (specify): ....
...................................
20: guwad
21: lubok
22: lugi
23: sickle/ sanggot
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3.5 Labor input per year
3.5.1 How many hours has an average working day family members? ……
3.5.2 How many hours has an average working day for hired labor? ……
3.5.3 Labor input table for agroforestry parcel No. ......
Crops/ trees

Days

No. How Sum
of
many
per- times
sons per
year

Crops/ trees

Crop/ tree 1:

Crop/ tree 2:

Land preparation
(plowing, harrowing)

Land preparation
(plowing, harrowing)

Under-brushing

Under-brushing

Planting incl. nursery

Planting incl. nursery

Weeding

Weeding

Applying fertilizer

Applying fertilizer

Applying pesticide

Applying pesticide

Harvesting

Harvesting

Drying/ post-harvest

Drying/ post-harvest

Transporting

Transporting

Others (specify)

Others (specify)

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

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

Crop/ tree 3:

Crop/ tree n:

Land preparation
(plowing, harrowing)

Land preparation
(plowing, harrowing)

Under-brushing

Under-brushing

Planting incl. nursery

Planting incl. nursery

Weeding

Weeding

Applying fertilizer

Applying fertilizer

Applying pesticide

Applying pesticide

Harvesting

Harvesting

Drying/ post-harvest

Drying/ post-harvest

Transporting

Transporting

Others (specify)

Others (specify)

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

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

(Expand table if needed)

Days

No. How Sum
of
many
per- times
sons per
year
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3.6 Pests and diseases
3.6.1 What are the pests and diseases (present and past ones) affecting your crops
and trees, and what control measures do/ did you apply?
Crop/ tree

Pest/ disease

Control measure

3.7 Market access
3.7.1 What is the distance from your agroforestry parcel to the selling place?
(excluding farm gate sale)

For agroforestry parcel No. 1: …… km
For agroforestry parcel No. 2: …… km
For agroforestry parcel No. 3: …… km
For agroforestry parcel No. 4: …… km
3.7.2 How is the selling place accessed? ……
(various answers possible; if various answers given, please specify for which portion
of the complete distance;
1: Trail only accessible by foot
2: Trail accessible with carabao/ other animal used for transport
3: Unpaved road accessible with small vehicle (e.g., habal-habal)
4: Un-paved road accessible with large vehicle (e.g., bus, jeepney, truck)
5: Paved road
6: Other (specify) ......................................

3.7.3 Is the way to your selling place sometimes inaccessible?
Yes: ……
No: …… (proceed with 3.7.4)
If yes, how often and for how long does it happen?
For what reason? ……………………………………………………………………
3.7.4 What are the cost of transportation from the farm to the selling place?
Crop 1 [PHP]: ……

Crop 2 [PHP]: ……

Crop 3 [PHP]: ……

Crop n [PHP]: ……

(expand for additional crops, if any)
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3.8 Tenure and management arrangement
3.8.1 What tenure or type of management arrangement do you have? (Note for the
interviewer: Ask for every parcel, also for non-agroforestry parcels.)

a) Tenure/ type of management
arrangement

Private title

Public

No.
of
parcel

1: Community-Based Forest
Management (CBFM)
2: Certificate of Steward
Contract (CSC) of ISFP
3: Co-Management Agr. (CMA)
4: Other public land
5: Certificate of Land Transfer
(CLT) issued by CLAMP or
DENR
6: Free Patent for agricultural/
residential land (FP) issued by
CLAMP or DENR
7: Certificate of Land Ownership
Award (CLOA) issued by DAR
8: Other private
9: Tenant
10: Others (specify) ...................

b) Nature of
arrangement
1: Formal/
documented
2: Customary/
informal

c) Is or was the
parcel subject to any
dispute over tenure?
If yes, why?
1: Yes
2: No

1
2
3
4
n
ISFP: Integrated Social Forestry Programme; CLAMP: Center for Land Administration and
Management Philippines; DENR: Department of Environment and Natural Resources; DAR:
Department of Agrarian Reform

3.8.2 (for CBFM, CSC, CMA only) Do you have any land-care duties due to your
tenure system?
Yes: ……
No: ……
Is this acceptable for you? …………………………………………………………
3.8.3 (For farmers who have parcels under different tenure/ management arrangements)
Is your decision to cultivate certain crops on your parcels influenced by the
different tenure/ management arrangements of these parcels?
Yes: …… No: …… Why? …………………………………………
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3.8.4 (For farmers without title or with CBFM/ CSC/ CMA)
Looking into the future: What would you change if you owned the land?
………………………………………………………………………………
Why would you change it?
………………………………………………………………………………

End of main part of interview

Additional information for timber and fruit trees
Questionnaire number and name of the interviewer ……………………………………

Timber
1.

What kind of timber? (take from main questionnaire)
………………………………………………………………………………

2.

Age and number of trees on your parcel: (take from questionnaire if possible):
………………………………………………………………………………

3.

What kind of management did you apply (pruning, weeding, fertilizer, pesticides,
etc.) and how often?
………………………………………………………………………………

4.

Did you ever harvest timber?

Yes …… No …… When (year) ……

5.

How many trees did you harvest? ……

6.

Who harvested the trees (self, with help from friends/ neighbors, hired labor) and
which kind of investment was necessary (cost of hired labor, renting tools, etc.)?
………………………………………………………………………………

7.

What did you use it for (sale; gift; own use, e.g., for construction)?
………………………………………………………………………………

8.

Where or to whom did you sell it (location, type of selling place, buyer)?
………………………………………………………………………………

Appendices
9.
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How did you get the timber to the buyer?
………………………………………………………………………………

10.

What was the price (PHP/ bdf or PHP/ tree)? ……………………………………

11.

Did you get a permit for logging the tree?
Yes ……
No …… (proceed with 17)

12.

If yes, how did it work? Which steps did you have to take?
………………………………………………………………………………

13.

Were there any problems or difficulties in getting the permit?
Yes ……
No ……

14.

If yes, please describe:
………………………………………………………………………………

15.

How much time in total did it take you to get the permit? ……………………

16.

Do you think it was worthwhile getting the permit?
Yes ……
No ……
Why? ………………………………………………………………………………

17.

Continued from 11, if no permit was used:
Why not? ………………………………………………………………………….

Fruit trees
18.

What kind of fruit trees? (Take from main questionnaire)
………………………………………………………………………………

19.

Age and number of trees (or effective area) on your parcel:
………………………………………………………………………………
For a homogenous group of trees (e.g., same age):

20.

After how many years did the trees bear fruit for the first time? ………………

21.

How much was the harvest then? ……………………

22.

After how many years did they reach 100 percent?
(i.e., in the following years, the harvest did not increase anymore) …………..

23.

How much was the harvest then? ……………………
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24.

Did the harvest amount decline since then?

Yes ……

25.

If yes, since when (year) and if possible why? ………………

No ……

………………………………………………………………………………
26.

What kind of management did you apply? (pruning, weeding, fertilizer application,
pesticide application, etc.)

………………………………………………………………………………
And how often did you apply it?
………………………………………………………………………………
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1. INTRODUCTION
1.1 Background
In the past decades, the government of the Philippines has been initiating various peopleoriented forestry programs in order to restore and rehabilitate the dwindling forest cover in
the Philippines. These include among others the Integrated Social Forestry (ISF) Program,
the Community Based Forest Management (CBFM) Strategy and lately the National
Greening Program (NGP). Besides rehabilitation of forests, all these programs also promote
planting of agroforestry crops by smallholder farmers.
It is believed that agroforestry provides multiple benefits to people living in the uplands. First,
establishment of agroforestry systems promises to restore environmental and watershed
functions of uplands (PCARRD-ICRAF, 2006). Recovered environmental services would
then strengthen the capacity of uplands to supply different amenities, e.g. food, fodder or
fuel for people living nearby and, thus, contribute to their incomes; improved water quality for
water users in the lowlands. Secondly, resilience of the area to natural hazards, such as
flooding or landslides could be also increased through agroforestry (PCARRD-ICRAF, 2006),
along with contribution to carbon storage, reduction of soil erosion and biodiversity
conservation.
Recognizing the obvious potential of agroforestry systems for improving livelihoods of lowincome farmers in the Philippine uplands, several projects have been implemented by the
German Development Cooperation (GIZ). GIZ assists the Government of the Philippines in
implementing the CBFM Strategy through the Environment and Rural Development Program
(EnRD). Measures implemented by GIZ include among others financial and technical
support to the establishment of agroforestry systems as contribution to forest conservation
and potential way to improve livelihoods of upland dwellers. However, successful promotion
of the agro-forestry systems requires that these systems are economically attractive from
farmers’ point of view in order to sustain them in the long run. That is why, GIZ
commissioned this study that seeks to identify existing crop production systems in the Panay
Island, Western Visayas Region and assess their profitability. The current study results shall
complement data collected from other regions in the Philippines.
There are several definitions of agroforestry systems. This paper follows the definition given
by ROSHETKO et al. (2007): “Agroforestry is a dynamic, ecologically based, natural
resources management system that, through the integration of trees on farms and in the
agricultural landscape, diversifies and sustains production for increased social, economic
and environmental benefits for land users at all levels”.
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In the Philippines the term agroforestry is often misunderstood. People also describe
monocropping practices (sugarcane, maize and rice) in upland areas as agroforestry, simply
because it is taking place in the so-called “state owned forestland”. In order to avoid
confusion, the term ‘agroforestry’ shall be applied for agricultural systems which have trees
or woody perennials as a system component. A more adequate term to capture all
agricultural practices in the uplands would be upland agriculture.

1.2 Objectives of the study
The main objective of this study is to evaluate profitability of existing agro-forestry systems in
the Panay Island. Specific objectives to be fulfilled include:


Describe socio-economic characteristics of smallholder farmers living in the study
area;



Identify major agroforestry crops established by farmers in the Panay Island and
evaluate their profitability to farmers;



Characterize People’s Organizations present in the study area and identify their
strengths and weaknesses.
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2 METHODOLOGY
2.1 Study site: Panay Island, Philippines

The Panay Island is located in the western part of Visayas (Region VI) with the total land
area of 11 692 km2 and population of around 3.5 million people according to the census in
2000. It is divided into four provinces: Aklan, Antique, Capiz and Iloilo. The area along the
coast is relatively flat, whereas interiors are occupied by the Panay mountain range. Dry
season lasts in the west Aklan, Iloilo and western Capiz from November to April, and the
rains season dominates for the rest of the year. On the other areas dry season lasts only
from one to three months a year.
The total area under agricultural production is equal to 4,566.88 km2, and the rest of the
island territory is occupied by forests, grasslands and wetlands. Major crops produced in the
island include: abaca, sugarcane, coconut, banana, mango, pineapples, jackfruit, root crops
and vegetables, and rice, with Panay being the second largest rice producer in the
Philippines. Besides crop production, other economic activities in the region are: fishing,
mining, trading, livestock and poultry raising.
The incidence of poverty in the Panay Island, according to the NSCB (2009), changes from
one municipality to another and ranges from 17.5% up to 63.3% in some areas.

2.2 Data collection methods
This study uses primary cross-sectional data that were collected using personal interviews
and Focus Group Discussions (FGDs). Personal interviews were employed for collecting
data on smallholder farmers and their activities related to crop production, whereas FGD
were used to obtain information about People’s Organizations during guided discussions.
Following farm-specific criteria were imposed on individual farms to get the sample size for
the study. These include: (1) presence of upland farming; (2) presence of People’s
Organizations; (3) farmers should be smallholders (total farm area less than 7 hectares); (4)
presence of priority crops. The list of priority crops was established based on the potential
profitability of each crop, so that preference was given to those crops that are suggested to
provide higher crop production value per hectare, such as coffee, cacao, sugarcane, mango,
jackfruit, kalamansi, lanzones and rambutan, which are also called “cash crops”.
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Table 1: Major crops and tree species planted in the study area

Annual Crops

Perennial Crops

Fruit trees

Timber/
Forest Trees

Ampalaya

Lettuce

Coffee

Citrus

Mahogany

Camote

Tomato

Cacao/cocoa

Mango

Gmelina

Carrots

Rice

Sugarcane

Jackruit

Acacia

Cassava

Banana

Kalamansi

Narra

Corn

Pineapple

Lanzones

Bamboo

Eggplant

Abaca

Rambutan

Gabi/Taro

Coconut

Mangosteen

Ginger

Santol
Durian

*highlighted in bold are priority crops
Sample size for personal interviews consists of 100 smallholder farmers already practicing
agroforestry on their farms. FGDs were conducted for all 8 People’s Organizations present in
the selected sites. Table 2 below shows which sites/municipalities and corresponding
People’s Organizations were covered by this study.
Table 2: People’s Organizations and LGUs covered by the study
Province

Aklan

Antique

LGU

Name of the People’s Organization

1. Libacao

Guadalupe Julita Upland Developers Asso. (GUJUDA)

2. Tangalan

Panayakan-Lanipga Multi-Purpose Coop (PLMC)

1. Culasi

Bagacay ISF Association

2.Patnongon Patlabawon ISF Farmers Assn. Inc
Capiz

1. Pilar

Samahan ng Magbubukid ng Tabunacan Pilar Capiz (SMTPC)
Inc.

Iloilo

2. Dumarao

Traciano Timberland Farmers Assn.

1. Dingle

NISFFAI Development Cooperation

2. Anilao

Guipis Primary Multi-Purpose Coop.(GPMPC)
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2.3 Analytical framework

The analytical techniques applied for this study involved calculation of gross margins (GM),
Net Present Values (NPV) for specific crops and Returns to Labour (ROL).
Gross margin as an indicator shows how much of the revenue is left to pay fixed costs
when all variable costs are subtracted:
(1)  =  − 
where R is the revenue (yield times price); VC are variable costs (material input costs plus
labor costs).
Variable costs are generally estimated for a fixed period of time, as a year or a season, and
depend on the kind of activity performed by farmers. For example, seed prices and fertilizer
costs depend on the crop type to be planted; amount of labor required also changes from
crop to crop. Other variable costs might include seedlings, weeding, agrochemicals, hired
labor, etc. Gross margin is, therefore, a useful decision-making instrument. Fixed costs are
not included in this calculation because they have to be paid anyways (e.g. insurance,
maintenance), independently from farmers’ decision whether and what to plant. For annual
crops, the gross margin shows which crops should be planted in order to have the highest
income or to keep an agricultural business running. For perennial crops, which are often
planted in the agroforestry system, this indicator is of limited use since it only applies to one
year. It is therefore not suitable for comparing crops with different lifespan (W EIDNER et al.,
2011).
Net Present Value is the difference between the present value of cash inflows and the
present value of cash outflows. NPV is used in capital budgeting to analyse the profitability
of an investment or project and calculated as follows:
2



 =   1 + 





where t is the current year and r is the discount rate.
When comparing agroforestry systems one must consider several aspects such as the
combination of crops (annual or perennial), the age of the crops and the material and labour
input used to establish the system (W EIDNER et al., 2011). In order to make these features
comparable, they are expressed in monetary terms and the costs are subtracted from the
benefits. Then all values are dated to the same year (discounted). The resulting value is the
gross margin of the agroforestry system from several years expressed in the value of one
year. For crops that require several years until first harvest (e.g. perennials like fruit trees
and timber trees, but also coconut) it is necessary to compare not only one year of their
lifespan but assess the whole length of their rotation age (W EIDNER et al., 2011).
Agroforest Survey – Panay, April 2012
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The NPV in this study was calculated using a 25-year time frame and a discount factor of
10%. When calculating gross margins for years before and after the current year, a multiplier
has been used to adjust for changes in harvest for perennial crops.
Multiplier = (Annual Harvest/volume of first harvest) ^ (1/ (plant age - age of first
harvest))
It is assumed that after the first year, amount of harvest for a perennial crop would on
average increase by multiplier until it reaches the year of full harvest and stays constant
since then (See Annex 3). Median values of multipliers for perennial crops were calculated
based on data from individual farms and then applied for calculation of gross margins for all
farmers.
Return to Labour as an indicator depicts the income earned for each day of labour invested
in the production of a specific crop. Labour is a limiting factor in many agricultural
enterprises. It is important to understand how effective labour is for obtaining a given amount
of gross margin and for comparing which crop achieves highest returns for the amount of
labour invested. Return to Labour is calculated as follows:
 =

 + 


where  is the opportunity cost of family labour input in crop production. It is added to
GM, because previously, when calculating gross margins, costs of family labour were also
accounted for and were evaluated at the minimum wage rate in order to depict opportunity
costs. FL indicates amount of family labour spent for producing specific crops (man days).
ROL is measured in Philippine Pesos (PhP) per man day.
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3. SURVEY RESULTS
3.1 Smallholder farmers in the Agroforestry sector
3.1.1 Farmers’ demographic and socio-economic attributes
Among the farmers that were interviewed for this study, 58 % were males; average age of
interviewees was 53 years. Within the study sample, none of the farmers belong to
indigenous groups. Average household size was equal to 6 people, with 3 males and 3
females. Figure 1 shows distribution of farmers according to their education level. The figure
shows that only few farmers went to university (3%) or college (7%). Secondary Education
acquired 19% of farmers, followed by those who have elementary education (35 %),
whereas farmers who have not completed elementary school amounted to 36% of all
observations. Thus, the level of education of majority of farmers in the study area is either
elementary or incomplete elementary.
Figure 1: Farmers’ Education level

From 100 interviewed farmers, 96 were able to generate some income from crop production,
which on average amounted to 22 200 PhP per year. Household income is also augmented
by cattle raising and poultry. What was relevant for many households (61%) is that at least
one or two of household members, mostly young adults, were working in the nearest cities or
abroad, whose remittances back home often made up significant share of the total
household income. Average amount of these remittances per household was about 19 000
PhP per month. Farmers’ major expenditures were associated with fulfilment of basic needs
in food and clothing for household members and education, followed by health services and
loan payments. Some farmers also get additional income from employment in barangay
administration. There is a shared attitude among respondents that without external
assistance, “making ends meet” would be very difficult.
Agroforest Survey – Panay, April 2012
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From interviewed farmers, 76% have attended various trainings and seminars conducted by
governmental agencies. DENR has provided more than 53% of all the trainings generally
focusing on agroforestry (22%), contour farming (13%) and livelihood trainings (6%).
Training topics varied from best management practices seeking to improve crop production
to health services or family planning issues. There is obvious lack of postproduction and
marketing trainings that would help farmers to receive knowledge on basic marketing
concepts and, thus, increase the market value of crops produced.

3.1.2 Farms’ physical characteristics
Farmers living in the study area have on average 1.97 hectares of land, therefore, they are
considered as smallholder farmers. Moreover, most of the farms were situated on steep
areas that are commonly claimed to be more vulnerable to soil erosion because of landslides
and surface run-off. As it can be seen from Figure 2, 41% of farms were located on steeply
sloped areas, with the slope of more than 30 degrees. Around 21% of farms were located on
rolling to moderately steep areas, with slopes of 19-30 degrees; and 14% were situated on
areas described as undulating to rolling, with slopes 9 to 18 degrees. Other farms were
located on gently sloping or nearly flat areas, with slopes from 0-3 to 4-8 degrees (Figure 2).
Figure 2: Slope of the farmlands in the study area

Most of the farmland area in the study region is occupied by timber/forest trees (0.92 ha) and
annual crops (0.4 ha). Perennials and fruit trees take up on average 0.25 ha and 0.08 ha
respectively. Other crops and farm houses/structures occupy on average 0.4 ha of farmland.

3.1.3

Agroforestry systems implemented in the study area
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Among different cropping systems present in the study area, the multi-storey farming system
was pre-dominant (59%) with combinations of annual and perennial crops including fruit
trees and timber/forest trees (Figure 3). Alley cropping systems (14% of farmers) practiced
are generally observed in Nazuni in Iloilo, while boundary systems (11% of farmers) are
mostly found in Dumarao. Only few farmers practices forest farming and silvopasture.
Figure 3: Frequency of different cropping systems by number of farms

Multi-storey system is characterized by a random mixture of various species. The upper
canopy is composed of “light-demanding” species, whereas the understory is occupied by
shade-tolerant species. In the study area, upper canopy crops include mostly coconut-trees
and mango-trees, while understory crops include coffee, ginger, jackfruit, lanzones and
pineapple.
In the local language, multi-storey system is also called “halo-halo”, meaning “all mixed
together”. Multi-storey systems are the least organized production systems; there are no
planting lines or systematic crop arrangement visible (Figure 4). Farmers just plant a whole
variety of different crops on the same parcel without having a crop arrangement structure.
Once multi-storey production systems are established, it is difficult to professionally maintain
and manage all the different crops by the same time, which makes them least productive
cropping system.
Timber trees such as mahogany are most common forest plantation systems and are not
integrated in agroforestry systems. For the case of mahogany, no other crops are planted
underneath the timber/forest tree. According to farmers interviewed, mahogany makes the
land intolerable for the growth of abaca, banana and other crops.
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Figure 4: Illustration of a multi-storey agroforestry system

High number of timber/forest trees may be attributed to the farms topography coupled with
various tree-planting programs that pursued the planting of mahogany and gmelina during
1980s and 1990s. Annual crops, specifically rice and corn, are planted mainly for home
consumption and only the excess volume is sold in the market.
Alley cropping is the planting of trees in multiple rows, with different annual and perennial
crops cultivated in the alleys between the tree rows. The purpose of establishing alley
cropping systems is to “diversify farm products, reduce surface water runoff and erosion,
improve utilization of nutrients, reduce wind erosion, modify the microclimate for improved
crop production, improve wildlife habitat, and enhance the aesthetics of the area” (USDA,
1997). Figure 5 gives the illustration of the alley cropping system.
Figure 5: Illustration of alley cropping system

ALLEY
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Table 3 presents average annual income from four major agroforestry systems that are
practiced in the study area. Forest farming and silvopasture were removed from the analysis
as only few (3 for each case) farmers were practicing these systems. As Table 3 shows,
alley cropping was among the most profitable ones, as it provides the highest income per ha
of farmland. Systematic crop arrangement in alleys and the establishment of planting lines
seems to have an advantage for proper crop maintenance (e.g. weeding, fertilization, pest
control). Consequently, yields and revenues in alley cropping systems are on average
higher.
Table 3: Average annual income from different agroforestry systems
Type of Agroforestry
system

No. of

Average Annual

Average

Average annual

Farmers

Income, PhP

Farm Size

Income per ha

(hectares)
contour

12

19,060.25

1.714

11,120.33

Multi-storey cropping

58

21,570.70

1.863

11,578.48

boundary

10

39,208.10

2.139

18,330.11

alley cropping

14

47,320.36

2.485

19,042.40

Total

94

29,660.21

1.975

15,017.83

Acquisition of different inputs depends on the crop type that is cultivated. For instance, new
species/varieties of fruit seedlings are usually provided by DENR, and seeds/seedlings for
the majority of other crops are usually not purchased but instead collected (suckers,
wildlings). Only seeds for rice and several vegetables, like eggplant and squash are bought
at nearest markets. These crops also require fertilizers and pesticides. A combination of
complete fertilizer (14-14-14 NPK), urea and sulphate are applied during the cultivation rice,
corn and sugarcane (Table 4). Cultivation of rice also requires use of pesticides (“Cymbush
Karate”) and herbicides (“Lanate”). In few cases, pesticides (particularly Mangotone) are
also applied to mangoes, coffee and coconuts.
Table 4: Use of fertilizers per ha of land by different crops
Crop

Complete

Urea

Sulphate

Rice

270 kg

144 kg

-

Corn

-

127 kg

104 kg

Sugarcane

333 kg

538 kg

111 kg

Average Price, PhP/kg

20.00

24.00

21.00
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With regard to labour requirements, crops such as rice, corn and sugarcane are considered
to be labour-intensive for maintenance and harvesting periods. Fruit trees and perennial
crops utilize household labor specifically during planting and harvesting periods. Farmers
irregularly do brushing and weeding as part of farm maintenance during the growth period.
Crops produced on the farm are both for household consumption and to generate income.
Farm products for home consumption include rice which is consumed on a daily basis, as
well as ampalaya, gabi, santol, pomelo, jackfruit and papaya. Products sold to the market
include corn, peanut, ginger, eggplant, cassava. Fruits such as mango, durian, calamansi,
lanzones, jackfruit and avocado are sold in its raw form. Thereby, they are easily exposed to
immediate ripening. Directly sold products include sugarcane, abaca, coconut, coffee and
banana which do not need processing and cannot be consumed immediately by household
members. These are sources of cash for the farmer. From timber/forest trees, mahogany
wood is often sold on the market, while gmelina is mostly used by the households. Average
distance to the market distance is 10 kilometres with an average travel time of 30 minutes to
1 hour. Products are transported using single motorcycles, which cost PhP 30 per 50-kg
sack.

3.1.4

Evaluation of returns from major agroforestry crops

Summary statistics of variables indicating crops grown in the study area show that in terms
of number of respondents, most popular crops planted by farmers were: banana (70%),
followed by coconut (36%), rice (33%), jackfruit (28%) and mahogany (22%).
Below, in Table 5, economic indicators associated with crop production in the study area are
presented. Gross Margins and Returns to Labor are presented for the 25th year to make
them comparable for all crops; however, for annual crops they are the same over 25 years.
For perennial crops, gross margins change by multiplier as it was mentioned in Section 2.3.
It can be seen that perennial crops like abaca, coconut and sugarcane have highest Net
Present Values compared to all other crops, whereas rice was the crop with highest NPV
among annuals, and mahogany amongst timber/forest trees (Table 5).
Table 5: Main economic indicators related to crop production in the Panay Island
ROL in the 25th
year, PhP/md

CROPS

PINEAPPLE

Sample
size

Mean

7

39.62
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Std.
deviation
388.40

GM in the 25th
year, PhP/ha

NPV 25 years,
PhP/ha

Mean

Std.
deviation

Mean

Std.
deviation

-33,467.76

27,066.52

-319,153.11

248,126.96
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RAMBUTAN

7

106.86

130.09

-33,708.00

37,716.25

-318,150.93

315,790.12

JAKCFRUIT

25

-46.60

206.00

-14,776.65

81,973.23

-193,930.26

622,868.97

LANZONES

11

153.46

461.23

-5,282.40

72,850.37

-161,293.98

571,203.13

BANANA

39

127.82

239.97

-3,171.94

59,414.55

-61,654.04

486,166.66

GMELINA

7

81.90

291.87

3,829.04

6,658.67

-46,009.46

92,212.82

12

438.07

777.46

13,415.35

32,205.85

-36,282.37

289,354.01

5

214.20

114.24

9,930.79

18,382.78

-21,629.60

78,788.50

COFFEE

10

118.33

195.16

2,650.98

7,611.33

-5,191.76

52,664.42

CORN

12

167.08

312.82

4,493.07

9,435.84

39,329.52

86,120.83

RICE

27

800.53

1,391.31

9,411.94

18,332.68

85,431.65

166,406.46

MAHOGANY

21

266.12

531.12

30,101.97

41,037.62

102,368.56

182,541.30

COCONUT

34

520.51

514.03

39,759.46

45,696.50

122,760.59

215,682.78

SUGARCANE

9

1,405.79

1,601.21

23,948.59

33,410.03

220,442.93

296,253.22

ABACA

7

805.80

807.59

59,390.48

28,551.14

466,380.21

227,253.91

MANGO
AVOCADO

It can be also observed that despite positive returns to labor, production of some crops
brings negative gross margins to farmers. There are several possible explanations for this.
Firstly, there is an assumption made in this study that farmers are free to choose between
agricultural activities and off-farm work, so the minimum wage from off-farm employment
was taken as the opportunity costs of family labor spent for crop production and accounted
for estimation of gross margins. However, for calculation of returns to family labour, these
opportunity costs were skipped and only the difference between revenue and actual variable
costs per unit of family labour was estimated. Secondly, produced crops are mostly
consumed at home, especially banana and pineapple, so the revenues are very low and
gross margins turn negative when subtracting opportunity costs of family labour. Thirdly, fruit
trees planted by farmers in the study area were not providing much yield if any, which means
that also projections of harvested amounts over 25 years using the multiplier might be rough.
Low yields are most likely to be associated with limited labour and other production inputs,
and also with the practice of multi-storey systems.
Results in Table 5 also reveal that only 6 crops out of 15 for which economic indicators were
estimated had positive NPVs. These crops are also those with highest gross margins. A
possible explanation for these could be that those crops are planted in multi-storey systems,
which were claimed to be least productive systems that are difficult to maintain and manage
professionally. Another reason is the low commercialization index observed in the study
area, i.e. many crops are produced for household consumption and are not marketed. There
are different barriers that farmers are faced with when marketing crops produced on their
farms, which include distance to market, lack of transport, poor infrastructure and others.
Overall low crop productivity and lack of knowledge on marketing produced crops also
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contribute to low gross margins obtained by farmers in the study area, and, consequently to
low NPVs that were presented above.

3.2 People’s Organizations as an example of community-based approaches
3.2.1. Characteristics of People’s Organizations in the study area
During 1980s, residents in the upland communities organized themselves into People’s
Organizations (POs) to avail of the assistance from the government addressing social and
economic needs of rural population living in the upland areas through the CBFM program of
DENR. The idea or belief behind the promotion of POs is that communities are best suited
for protection and management of forest resources if they are involved in decision-making on
sustainable use of forests (DUTHY and BOLO-DUTHY, 2003). POs serve as the channel of
communication between the government agencies and the Barangay Development Council.
Moreover, these organizations are supposed to act as environmental stewards within the
CBFM area.
A total of eight peoples’ organizations were approached for this study. Out of eight, three are
registered with the Cooperative Development Authority (CDA) and four with the Securities
and Exchange Commission (SEC) and one with the Department of Labor and Employment
(DOLE). Most of the organizations have been formed more than 20 years ago. Membership
level ranges from 50 to 182 people, where 73% of the members are male. Currently, 7 POs
exist and one was closed: Nazuni ISF Association Inc. was closed in 2005 due to solvency
issues. Farmers are planning to revive the organization in order to continue working with
CBFM.
Involvement in People’s Organizations within the CBFM strategy brings several benefits to
farmers living in the area. For example, farmers who are PO members receive land use
rights for 25 years and are allowed to occupy forestlands and utilize forest products. They
are also excluded from paying the rent for the use of the area. In addition, they have access
to the assistance provided by DENR for development and implementation of 5 year work
plans within the Community Resource Management Framework (CRMF). Most of the
interviewed farmers reported that farmland was distributed to them already back in 1980’s
through the Integrated Social Forestry Program of the government. These, so called
Certificates of Stewardship Council (CSCs) were then transformed into CBFM Agreements
after the POs were established. The majority of the farmers received land for the time frame
of 25 years, which means that the tenure time was supposed to expire soon or already has
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expired. However, involvement of interviewed farmers into the CBFM program from 2000
has secured land ownership for them, at least for the subsequent 25 years.
Each PO has its own source of earning additional income. For instance, PO’s from SMTPC,
Tabunacan and Patlabawon received income from seedling production sold to DENR. In the
case of Bagacay ISF Association, livestock raising became an important component of
farming systems, whereas Guipis MPC operates a store where members can trade their
farm produce. The respondents seem to be aware that diversifying livelihoods can be
considered an effective method of adjusting to difficulties and creating opportunities for PO
members to augment their income. Yet, not all POs are currently active: only three
organizations operate on a regular basis (Guipis Primary MPC, SMTPC and PanayakanLanipga MPC), while the other four serve rather as a coordinating group and leaders are
gathered only when there are projects or activities called by DENR. The organizations are
maintained because that is the requirement set by DENR for farmers to be organized in POs
if they seek to receive assistance within the CBFM strategy.

Picture 1: Photo of Rattan Seedlings Grown in the Nursery of Tabunacan

None of the 8 POs have acquired resource use permits from DENR, even though former
forest plantations are in a mature age for harvesting. However, some trees have been
illegally harvested and used to repair farm houses or were sold as lumbers.
Only the three cooperatives (Nazuni, Guipis and Panayakan-Lanipga) sourced their capital
from the Capital Build Up (CBU) paid by the members as this is one of the cooperative
policies. Associations however do not have any internal source of capital, thus, relying on
the financial assistance that is provided by external agencies.
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The POs are partners of government agencies such as DENR, DA, DAR and DTI among
others for project implementation in the countryside. Patlabawon ISF Association Inc. and
Traciano Timber Forest Association receives assistance from the CBFMMP project funded
by KfW, whereas SMTPCI is currently a partner of GIZ, and Panayakan-Lanipga MPC is a
contractor of the National Grid Corporation for tree planting and its maintenance. Though 3
of the 8 POs have already experienced working with foreign institutions like AusAid, FAO
and GIZ (recent), sustaining the knowledge has been a challenge to the POs and
interventions have often not been sustained.

3.2.2

Strengths and weaknesses of POs

People’s Organizations serve as the key grass-root partners providing significant and
relevant services to its members. Since the implementation of the ISFP in 1980s, the
organizations have been the venue for training and members now have certain knowledge
on nursery seedling production but only limited knowledge on agroforestry farming.
Membership level has remained stagnant and they still rely on governmental and donor
agencies’ assistance.
While the DENR has its own objectives to persuade farmers’ to form POs, reasons of why
POs are formed from farmers’ point of view have to be also carefully analysed in order to
improve the approach. Thus, according to FGD results, some PO members believe that
creating POs will facilitate sustainable livelihoods and mitigate hunger; whereas others think
that POs should avail governmental programs and provide certain services to members.
There were also farmers who believe that POs were formed only to fulfil DENR’s
requirement for the reforestation project, and those who had hoped that PO’s will lead to
effective distribution of land. Several members claimed that POs simplify implementing of
projects on land management and forest protection as it becomes easier to meet the people
on the ground. However, as FGDs with member farmers reveal, the actual benefits from POs
were far from what was expected.
Decades have passed since the forestry projects have been set up based on
cooperative/association approach and implemented in the study area. However, when timber
trees are now at the harvesting state, absence of resource use permit hinders timber
harvesting as an instrument to improve rural livelihoods. In the 8 POs interviewed, members
no longer approach POs to receive timber harvesting permissions or even to record the
harvesting; instead, all harvesting operations are illegal.
Group discussions with PO-members shows that farmers have lost motivations to actively
engage in PO activities because their expectation from forming People’s Organizations were
Agroforest Survey – Panay, April 2012

Page 24 of 38

not met. Some POs perceive that eco-tourism could potentially provide additional source of
income, especially in areas with established tourist infrastructure, vicinity to famous tourist
destinations and natural attractions.
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4. CONCLUSIONS AND RECOMMENDATIONS

This study was conducted to investigate profitability of major agroforestry crops planted by
smallholder farmers in the Panay Island, Western Visayas Region, Philippines. Primary
cross-sectional data were collected using Personal Interviews and augmented by results of
Focused Group Discussions with members of People’s Organizations. Gross margins, Net
Present Values and Returns to Labour were estimated for evaluation of returns from
agroforestry crops.
The results reveal that gross margins from cultivating fifteen major agroforestry crops were
either negative or very low, except for coconut, sugarcane and abaca, which provided
relatively higher gross margins compared to other crops. NPVs calculated were positive for
six crops out of considered fifteen. This means that cultivating remaining nine crops was not
profitable for farmers at all. Main reasons for low and, most of the time negative NPVs and
gross margins are low land productivity and small proportion of marketed products. Most of
the farm products are consumed at home because of the low quantity and quality of crops
harvested. Main factor determining such a low productivity of farmlands in the study area
could be practicing of multi-storey systems that are difficult to manage and maintain
properly. Another important issue that is also affecting land productivity is low labour input
for crop cultivation, and overall low use of production inputs, such as fertilizers, pesticides
and other agrochemicals. Low use of production inputs is obviously caused by income
constraints because of low returns from crop production.
Generally, farmers in the study area do not seem to consider crop production as their main
source of income, relying rather on remittances from family-members working in towns/cities
or abroad. This could also explain low level of efforts invested in crop production. However,
successful promotion of agroforestry systems requires that farmers are convinced
themselves about its benefits and potential to improve their livelihoods. Only this way, newly
established agroforestry systems could be sustained in the long run and bring its benefits to
both farmers and to the society. Therefore, it is important that only most profitable crops are
promoted and necessary technical guidance is supplied. In this regard, it should be
mentioned that fruit trees planted by farmers in the study area did not meet farmers’
expectations: most of the trees at a harvesting age were bearing only few fruits or were not
bearing fruits at all. This finding could dispute the overall promotion of fruit trees in the area
and necessitates conduction of a deeper research that would investigate low productivity of
fruit trees and provide an evidence of their profitability to farmers.
For timber trees farmers are often discouraged from planting and maintaining them because
of complicated procedure of applying for harvesting permits.
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Our findings imply that farmers in the study area need substantial external support for
improving their livelihoods. Of crucial importance would be offering extension services to
farmers through different trainings on best management practices. Farmers need to switch to
more effective production systems, so that they would be able to secure permanent profits
from crop production and be released from their dependence on external aid. Even when
crop productivity and quality are improved, marketing of the agricultural commodities could
become a challenge for farmers because of poor infrastructure and absence of supply
chains. Establishment of Public-Private Partnerships (PPPs) is recommended, where private
companies engaged in food processing, wholesale of fruits and other crops could be called
for cooperation with the government in its activities related to rural development.
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Annex 1: Contact details of CENRO/PENRO
Province

LGU

Aklan
1. Libacao
2. Tangalan
Antique

1. Culasi
2. Patnongon

Capiz

1. Pilar
2. Dumarao

Iloilo

1. Dingle
2. Anilao

Penro/Cenro

Contact Details

Name of PO

PO President

CENRO Baltazar
Gerardo

036- 2683849 Kalibo

Gua da lupe Jul ita Upla nd
Developers As s o
(GUJUDA)

Tomeo Za ula da
Sr.

Panayakan-Lanipga MultiPurpose Coop (PLMC)

Araceli Sabino

Bagacay ISF Association

Prudencio Orsal

Patlabaw on ISF Farmers
Assn. Inc

Rodrigo Mondejar

Patlabawon

Maximo Nicanor c/o
Angela Alfaro
09477867927

Tabun-acan

William Palete

Trasiano

NISFFAI Devpt Coop.

Mrs. Ailyn Casiple

Nazuni

Guipis Primary Multi-Purpose
Coop.(GPMPC)

Rex Bajade

Guipis

Evelyn
CENRO Vic Mellizas
09496102352
Cenro Melissa Garol
09177008514
PENRO Dion Molina;
c/o Rod Diego
09195115887

036- 2884594; fax
2881851
cenroboracay@
yahoo.com
036- 2778125
036-540-8498
Cenrosanjose@
yahoo.com

036-6210015 Bgy.
SMTPC Inc.
Lanot, Roxas;
rdiegojr@yahoo. com Traciano Timberland Farmers
Assn.

PENRO Ra ul Lori l la
Cenro Ba rota c c/o Al ma Demonta no
(033)361-2422; (0915)201-040

Barangay

Panayakan

Annex 2: Classification of crops
Annual Crops
Rice
Corn
Alugbati
Ampalaya
Camote
Cassava
Eggplant
Gabi/Taro
Ginger
Mongo
Kadios
Papaya
Peanut
Pepper (sili)
String beans
Squash
Tomato
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Medium Term
Perennial Crops
Coffee
Cacao/cocoa
Sugarcane
Banana
Pineapple
Abaca
Coconut
Nipa/ Ambulong
Papaya

Fruit trees
Citrus-Pomelo
Mango
Jackruit
Kalamansi
Lanzones
Rambutan
Mangosteen
Santol
Durian
Chico
Avocado
Guava
Guyabano
Indian Mango
Duhat
Mangosteen
Marang
Starapple

Timber/Forest
Trees
Mahogany
Gmelina
Acacia
Narra
Bamboo
Ipil-ipil
Kakawate
Laniti
Talutu
Teak
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Annex 3: Lifespan and harvesting time for different crops
Age to bear fruit

Age of Full Harvest

Lifespan

Years

Years

Years

Coffee

4

10

30

Cacao/cocoa

4

12

25

Sugarcane

1

1

2

Banana

1

3

6

Pineapple

1

1

2

Abaca

2

3

6

Coconut

10

15

40

Nipa

1

1

25

Papaya

1

1

2

Citrus-Pomelo

3

10

25

Mango (seed)

10/

20

40

Mango (grafted)

6

12

40

Jackruit

7

10

25

Calamansi

3

7

25

Lanzones

4

8

25

Rambutan

4

8

25

Santol

5-7

12

30

Durian

6

12

50

Avocado

6

12

40

Guava

5

8

25

Guyabano

5

8

25

Indian Mango

6

12

40

Starapple

6

12

40

Perennials
MEDIUM TERM

FRUIT TREES
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TTFAI

GUJUDA

PLMPC

Guadalupe-Julita Upland
Developers Asso., Bgy.
Julita, Libacao, Aklan

Panayakan-Lanipga
Multipurpose
Cooperative, Bgy.
Panayakan, Tangalan,
Aklan

Samahan ng Magbubukid SMTPCI
ng Tabunacan, Pilar, Capiz,
Inc. Bgy. Tabunacan, Pilar,
Capiz
Patlabawon Integrated
PISFAI
Social Forestry Upland
Farmers Asso. Inc., Bgy.
Patlabawon, Patnongon,
Antique
Bagacay ISF Asso. Inc.,
BISFAI
Bgy. Bagacay, Culasi,
Antique

Traciano Timberland
Forest Association, Inc.
Bgy. Traciano, Dumarao,
Capiz

Guipis Primary
Multipurpose
Cooperative, Bgy. Guipis,
Anilao, Iloilo

timber growing, banana on
going harvest

harvestable

harvestable timber

harvestable timber area of
303 hectares; and rattan

area was formerly grassland
(ferns locally termed as
'Agsam')

Due to el Niño, CARP
implemented projects in
2008 was not successful e.g.
Fruit trees, vegetables and
goat raising
area is devoted to and
income is generally derived
from banana production

Nazuni Integrated Social
Forestry Farmers
Association, Inc. Bgy.
Nazuni, Ding-le, Iloilo

NISFFAI

Status of AF

PO Name

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

CBFM
Involvement

1980s for
ISF and
2005 for
CBFM
1982 ISF
and
CBFM
2000

1992

2000

1995

2009

1992 to
2005

Period

Yes.

Yes.

Yes.

None. Only
individual
distribution

737.65

None. Only
individual
distribution

None. Only
individual
distribution

35

None. Only
individual
distribution

Presence of
Communal Area

522.66

928

45

0

37

No. of
Farmers
Involved

None. Only
individual
distribution

70

146

0

13

hectares

hectares
20

Reforestatio
n

Agroforest

44

998

677

191

35

35

Total Area,
hectares

None.

None.

None.

70

260

45

None.

None.

hectares

Total Communal Area,
hectares

Annex 4: Total Communal Area, by PO, Panay, 2012.
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Annex 5: Slope sketch used during the interviews

Annex 6: Average income generated from livestock enterprises

Farm
Animal
Average of
s
No. of heads
Carabao
1
Chicken
18
Cow
2
Duck
11
Goat
3
swine/pig
2
Tilapia
500
Turkey
13
Average
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Average of
Price per Unit,
Php
8,000.00
198.33
10,000.00
225.00
700.00
5,851.85
120.00
500.00

Average Gross
Income
14,000.00
2,034.78
10,000.00
1,875.00
1,266.67
13,761.54
5,040.00
4,000.00
6,282.24

Ave. Annual Net
Income
3,111.11
1,337.97
1,250.00
812.50
700.00
7,027.63
4,290.00
3,250.00
2,764.10
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Annex 7: Economic Indicators of agroforestry crop production systems in Panay Island
Province Barangay

Crops

Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Capiz
Antique
Antique
Antique
Antique
Antique
Antique

abaca
abaca
abaca
abaca
abaca
abaca
abaca
abaca
abaca
abaca
abaca
abaca
abaca
avocado
avocado
avocado
avocado
avocado
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana

Julita
Julita
Guadalupe
Julita
Julita
Julita
Julita
Julita
Julita
Julita
Julita
Julita
Julita
Panayakan
Panayakan
Panayakan
Panayakan
Panayakan
Traciano
Traciano
Traciano
Traciano
Traciano
Traciano
Tabun-acan
Tabun-acan
Tabun-acan
Tabun-acan
Tabun-acan
Tabun-acan
Tabun-acan
Tabun-acan
Tabun-acan
Patlabawon
Patlabawon
Patlabawon
Patlabawon
Patlabawon
Patlabawon
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ROL
25th
year
173
302
786
337
150
2 445
100
263
1 730
202
2 134
1 050
804
181
203
131
412
144
-127
-60
-70
209
831
571
129
168
198
208
340
-170
-76
298
260
-25
132
239
-100
132
155

GM 25th
year
39 933
49 933
63 630
39 229
59 800
91 789
-10 127
94 354
39 500
80 750
85 545
63 000
74 740
4 586
39 714
-7 125
13 919
-1 440
-105 010
-16 580
-3 019
13 040
19 972
19 040
3 254
1 164
1 261
18 437
30 170
-957
-2 950
7 141
3 278
-258
1 377
7 511
-48 800
14 661
896

NPV, 25yrs

313 336
404 106
500 296
291 014
542 807
660 785
-110 331
668 957
310 359
630 594
723 123
504 808
623 089
-89 733
84 403
-64 674
40 441
-78 586
-956 966
-163 032
-27 969
98 437
168 510
159 723
18 858
6 349
10 420
151 698
251 529
-10 742
-31 081
59 514
27 208
-2 940
11 817
62 620
-440 498
120 388
5 333

Yield
(kg/ha)
2 000
2 000
2 000
1 714
4 000
2 400
506
5 000
1 250
5 000
2 500
1 750
2 667
2 500
10 000
2 500
3 125
3 200
7 500
2 400
375
3 200
2 400
5 556
2 250
444
219
4 000
4 000
600
1 167
1 200
600
167
313
2 500
8 000
1 800
150

Price

40
40
10
45
30
41
40
45
43
45
40
43
35
15
10
10
20
20
8
10
10
10
10
12
10
15
10
10
10
8
10
10
10
10
10
10
0
20
25
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Antique
Antique
Antique
Antique
Antique
Antique
Antique
Antique
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Iloilo
Iloilo
Iloilo
Capiz
Capiz
Antique
Antique
Antique
Antique
Antique
Antique
Antique
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan
Aklan

Patlabawon
Patlabawon
Patlabawon
Bagacay
Bagacay
Bagacay
Bagacay
Bagacay
Julita
Julita
Guadalupe
Julita
Julita
Panayakan
Panayakan
Panayakan
Panayakan
Panayakan
Nazuni
Nazuni
Nazuni
Traciano
Tabun-acan
Patlabawon
Patlabawon
Patlabawon
Patlabawon
Patlabawon
Patlabawon
Bagacay
Julita
Guadalupe
Julita
Julita
Julita
Julita
Julita
Julita
Julita
Guadalupe
Guadalupe
Panayakan
Panayakan

banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
banana
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
coconut
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-56
109
186
-150
-152
-105
151
-22
-91
139
452
-112
-93
245
-119
402
705
254
-120
-120
-120
-72
413
574
134
1 358
1 030
460
-113
148
251
452
143
130
1 057
428
978
723
496
376
376
663
465

-3 514
5 423
1 505
-60 333
-140 494
-130 550
83 853
-3 370
-50 909
43 620
98 716
-112 929
-55 833
25 361
-28 463
36 520
194 434
9 630
-21 054
11 220
-21 054
-3 868
143 344
3 579
1 091
160 934
6 223
5 588
-12 576
13 924
84 034
98 716
23 076
61 716
83 681
6 992
106 349
12 050
44 705
96 087
96 087
54 751
16 162

-33 538
42 077
9 752
-574 949
-1 320 502
-1 211 626
575 937
-203 448
-331 619
229 085
250 438
-725 667
-531 372
169 015
-262 312
299 297
1 635 614
60 136
-189 517
50 402
-189 517
-45 990
708 867
18 617
909
782 774
25 906
21 676
-132 001
71 698
219 237
347 875
-50 598
172 302
383 761
29 813
466 209
-14 485
175 854
-1 099
-1 099
231 334
58 777

747
2 500
125
2 222
14 000
18 750
53 333
30 000
2 500
12 000
6 400
4 500
18 000
7 000
2 000
5 882
36 000
5 556
125
2 341
125
640
10 500
1 406
279
8 333
750
900
3 000
11 522
12 500
13 333
7 500
11 000
8 533
1 852
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Abstract
In the Philippine uplands, the government started issuing land tenure agreements to
individual forest residents and to communities in the mid 1980’s. These land use rights are
aimed at increasing land tenure security amongst the farmers and thereby promoting the
adoption of sustainable agricultural practices. This issue is of crucial importance in the
Philippine uplands, where deforestation and agricultural expansion have led to
environmental degradation. Using primary quantitative and qualitative data collected in the
provinces of Leyte and Southern Leyte, this study investigates the influence of land tenure
agreements on upland farming practices. Furthermore, problems in land administration
processes at the policy level are investigated.
A plot-level econometric analysis of determinants and constraints of tree keeping suggests
that, ceteris paribus, the possession of a tenure agreement nearly triples the number of trees
on a plot. Other important influencing factors are the reception of material support and
farmers’ perceived access to extension services. The wealth level of the farming households
does not show to have a significant impact on the number of trees on a plot. In order to
proxy wealth, a poverty index was calculated by principal component analysis. Comparing
the wealth level of households that have a tenure agreement, to those households without
any agreement shows that significant differences between these groups exist. Slash and
burn agriculture, which is seen as being a major cause of forest degradation by some
scholars, is not practiced anymore by the households in the study area. At the policy level,
expert interviews revealed that unclear responsibilities between different departments
involved in land administration lead to conflicts. Furthermore, many households are
submitting tax declarations, which notwithstanding being considered an illegal practice,
increase the perception of tenure security. Thus, although the issuance of land tenure
agreements shows positive environmental effects, challenges at the policy level remain, and
farmers’ knowledge about tenure rights should be further increased.
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1. Introduction
In the Philippine uplands1, conversion of natural forests into agricultural land and improper
land management practices have lead to environmental problems, such as soil erosion,
water scarcity, loss of biodiversity, and higher vulnerability to natural disasters.
Furthermore, deforestation and forest degradation, which have taken place in the country
since many centuries, increase the emission of greenhouse gases (Poffenberger 1999,
Briones 2005, Carandang 2005, Baguinon et al. 2007). Whereas, at the beginning of the
Spanish colonization in 1521, forests covered around 90 percent of the total land area of the
country (Baguinon et al. 2007), the forest cover today is estimated to be around 23 percent
(Forest Management Bureau 2009, Walpole 2010). This decline is the result of an interplay
of historical, political, social and economic factors, and today the Philippines are considered
one of the most deforested countries worldwide (Poffenberger 1999).
Today, the pressure on forest lands is increasing due to a rapidly growing population 2.
Agricultural areas in the lowlands have been converted into land used for residential and
industrial purposes and in the course of this land use change, marginal upland areas started
to be used for agricultural activities (Baguinon et al. 2007). Furthermore, some authors see
the practice of kaingin (the Tagalog term for slash- and burn) as a major reason of
deforestation and forest degradation in the Philippines (Carandang 2005).
Officially, these marginal upland areas are declared as forest land, but today this is a “legal
rather than a botanical definition” (Pulhin et al. 2008). It is estimated that approximately
5.7 million ha in the Philippine uplands are used for farming activities (Baguinon et al.
2007) and that around 25 million people are living inside forest land or depend on the
forest for their livelihoods (Poffenberger 2006).
"Land tenure consists of the social relations and institutions governing access to and the use
of land and natural resources” (Maxwell & Wiebe 1999: 826). It can be formal, i.e. defined
by law, or informal, i.e. based on “informal relationships among people defining their
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In the Philippines, upland areas are defined as areas with slopes of 18 percent or higher (LLanto &
In 2011, the annual growth rate was 1.9 percent (Central Intelligence Agency 2012)
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affiliation to the land” (Laksa & El-Mikawy 2009: 3). But the possession of formal land
tenure does not automatically lead to more tenure security.
For a long time, most residents of the Philippine uplands did not have any legal right on the
land they were cultivating because forest lands formally belong to the state. With the goal of
combating the depletion of the forests and to attain sustainable forest management, the
government of the Philippines introduced several programs and measures since the 1980’s.
In 1995, Community-Based Forest Management (CBFM) was introduced and declared as the
“national strategy to attain sustainable forest management and social justice” (Executive
Order 263: Section 1). Under CBFM, Peoples’ Organizations (POs) can be given limited
tenure rights and in return, they have to protect and reforest the land and adopt sustainable
farming techniques. Another instrument is the Certificate of Stewardship Contracts (CSCs),
which give limited tenure rights to an individual forest occupant and allow the holder to
occupy and sustainably use a specific portion of forest land. CSCs were issued from 1982 on
and are now being integrated into the CBFM program, where CBFM areas have been
developed (Department of Environment and Natural Resources 2004a).
At the policy level a problem regarding land administration processes is the involvement of
two departments, namely the Department of Environment and Natural Resources (DENR)
and the Department of Agrarian Reform (DAR). This sometimes leads to overlapping
responsibilities, unclear distribution of rights and high transaction costs (Mendoza 2007,
LLanto & Ballesteros 2003).
The goal of this study is to evaluate with qualitative and quantitative methods, how
insecure land tenure and land use rights influence sustainable agricultural management
practices of farmers living in the uplands of the island of Leyte, the Philippines. The Food
and Agriculture Organization of the United Nations (FAO 2000: 20) defines sustainable
forest management as ”the stewardship and use of forests and forest lands in a way, and at
a rate, that maintains their biological diversity, productivity, regeneration capacity, vitality
and their potential to fulfill, now and in the future, relevant ecological, economic and social
functions, at local, national, and global levels, and that does not cause damage to other
ecosystems”. In this study, the focus is on the environmental and ecological dimension of
sustainability.
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Shively (1998) emphasizes that no single crop or set of crops can provide the same
environmental benefits and services as natural forests. But he suggests that in sloping
uplands, tree-based agricultural systems are the best alternative. This aligns with many
other studies that identify economic and environmental benefits of the cultivation of tree
crops (Shively 1998, Predo 2003, Amihan-Vega & Mendoza 2005, Baguinon et al. 2007,
Santos Martín 2007). Thus, the focus of this study will be on upland farmers’ tree keeping
decisions. Furthermore, problems in land administration processes in the region shall be
critically examined.
Questions to be addressed in this study are: Do farmers with tenure agreements cultivate
their land more sustainably, i.e. do they keep more trees on their plots? Does the issuance of
land tenure agreements affect the practice of “kaingin”? What factors influence farmers in
their decision to keep trees? Does the possession of a tenure agreement lead to the perception
of tenure security? Are there problems in land administration processes at the policy level that
have an influence on land tenure security of upland communities? By answering these
questions, the following main research hypotheses shall be tested:


Formal land tenure leads to an environmentally more sustainable land use, i.e.
farmers keep more trees on their plots and do not practice kaingin.



The possession of a formal land tenure agreement leads to the perception of tenure
security of the farmers.

In order to answer these questions and hypotheses, data was gathered during a three
months stay of the author of this thesis in the provinces of Leyte and Southern Leyte, the
Philippines.
The thesis is structured as follows: In the second chapter, a literature review about treebased farming systems as a tool to mitigate the negative impacts of deforestation, and about
the impact of land tenure security on the adoption of sustainable farming practices, will be
presented. The third chapter then provides background information about land
administration in the Philippines, followed by more detailed information on tenure
instruments in forest lands. Details about the methodology used for this study are given in
chapter four. In chapter five, the results are presented and discussed, followed by a
conclusion and policy recommendations.
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2. Literature Review
2.1. Benefits of Tree-Based Farming Systems in Upland Areas
Using marginal upland areas for agricultural purposes leads to environmental problems,
such as further deforestation and reduction of carbon storage, loss of biodiversity and soil
erosion (Briones 2005). The best agricultural practice to mitigate these negative impacts in
tropical areas are tree-based farming systems (Shively 1998).
In the Philippine uplands, the cultivation of trees is an ancient practice (Amihan-Vega &
Mendoza 2005) and the inclusion of trees in farmers’ cultivation portfolio can have positive
impacts on the household, as well as at the society level (Baguinon et al. 2007). These
benefits can be divided into two categories of considerations of the farmers:
Environmental/ecological and economic benefits.
Regarding environmental benefits, trees can help recovering degraded landscapes (Santos
Martín 2007). Cultivation of tree crops provides greater ground cover than annuals, thus
they improve soil conservation and water uptake of the soils. This leads to a reduction of
soil erosion and helps stabilizing vulnerable soils and slopes. Furthermore, trees provide
habitats for wildlife and help increasing biodiversity (Shively 1998, Predo 2003, Baguinon
et al. 2007, Shiferaw et al. 2009). On the societal level, trees can help mitigating climate
change through carbon sequestration (Predo 2003, Baguinon et al. 2007).
Economic impacts of agroforestry systems have been analyzed by a wide number of studies.
Amihan-Vega & Mendoza (2005) conducted a study about local ecological knowledge of
Filipino upland farmers and found out, that they were not so much concerned about
ecological impacts of tree growing. The main reason for them to plant trees was subsistence
and other economic benefits.
Besides the direct economic benefit of cash income from selling fruits and timber products,
trees provide indirect benefits, such as food, firewood and products for house construction
(Amihan-Vega & Mendoza 2005, Baguinon et al. 2007). Furthermore, Predo (2003) found
out that farmers also considered the recreational and aesthetic value of trees. He concludes
that „smallholders’ farm forestry is a multi-objective investment initiative” (Predo 2003:
44).
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Thus, tree-based farming systems help to mitigate soil degradation and serve the social
welfare. They furthermore can increase on-farm yields and can be considered “win-win”
schemes (Kassie et al. 2011: 89). Predo (2003) showed that tree-based systems were
considerably profitable for farmers in the long term. But he stresses that before timber
harvest, farmers would need to accept negative returns. This aligns with a study conducted
by Gebremedhin et al. (2001) about the effects of tenure security on land investments in
Ethiopia. He concludes that perceived tenure security is an important determinant of
farmers’ decision to invest in trees.
The relationship between tenure security and the adoption of sustainable farming practices
is discussed in the following chapter.

2.2. The Relation between Land Tenure Security and Sustainable
Land Use
Soil and water conservation practices and technologies are considered to improve the
sustainability of intensive agriculture and help to mitigate land degradation, which is
closely linked to increasing vulnerability and poverty among the rural population (Shiferaw
et al. 2009). Soil conservation methods include structural changes and agronomic practices,
such as soil and stone bunding, terracing, minimum tillage, grass strips and agroforestry
techniques (Shiferaw et al. 2009).
The determinants of the adoption of sustainable agricultural practices have been studied by
many scholars. Economic and non economic inputs are required, but the benefits of these
investments often only accrue in the future. If farmers are not sure, whether they can
benefit from their investment, they might not have an incentive to invest time and money
(Baguinon et al. 2007, Shiferaw et al. 2009).
Thus, land titling is expected to have a positive impact on land management practices. This
assumption is confirmed by Deininger et al. (2008), who found out that certification
increased land-related investments of Ethiopian households. Similarly, Ali et al. (2011)
observed a large impact of the land tenure regularization program in Rwanda on
investment and maintenance of soil conservation measures. These impacts were especially
large for female headed households.
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Looking at the relation between the adoption of tree-based land use systems and tenure
security, the results of a study conducted in Vietnam by Saint‐Macary et al. (2010) show
that the possession of a title positively influenced farmer’s decision to adopt agroforestry
on a plot. Similarly for the case of Uganda, Deininger et al. (2008) found that gaining full
land ownership, compared to having only occupancy rights, doubled the adoption of soil
conservation methods and increased the planting of trees fivefold. But they emphasize that
institutions to enforce the property rights have to be available. The importance of the
government and the socio-economic environment for the outcomes of land administration
interventions are also highlighted by Deininger & Feder (2009).
But the possession of a formal title does not automatically lead to higher tenure security,
because “tenure security is multidimensional and subjective” (Deininger & Ali 2008: 871–
872). Therefore, many studies focus on the perception of land tenure security. Gebremedhin
et al. (2001) found a significant positive relation between perceived land tenure and land
improvements through stone terraces and tree planting in the uplands of Ethiopia. In
another study conducted in Ethiopia, certification improved perceived tenure security and
was positively related to the adoption and extent of time investment in the construction and
reparation of soil conservation structures (Deininger et al. 2008). Omura (2008) focuses on
the property rights expectation of Filipino farmers: Farmers who had a positive expectation
of their future property rights were more likely to invest in intensive conservation methods,
such as terraces, stone walls, tree hedgerows and tree planting. Lighter investments, such
as the adoption of more sustainable farming practices, e.g. nitrogen-fixing crop planting, or
crop rotation, were not significantly affected by the property rights expectation.
Regarding the widespread positive view on individual property rights, Deininger et al.
(2008) warn that the focus on individual titles might threaten communal rights, which in
some regions, especially in the African context, work effectively. In these cases, individual
titling can have negative impacts, such as weakening existing rights, displacement of
existing institutions, and disempowerment of specific groups.
But for the case of the Philippines it is argued that unclear access to forest lands results in
an open-access situation which leads to overexploitation of the forest resources. To stop
this process and to encourage sustainable land use practices, Guiang et al. (2001) suggest
that communities have to be provided with secure access, use, and management rights of
the forest resources.
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3. Background Information
This chapter provides background information about the land administration system in the
Philippines. The classification of the land into forest land (FL) and alienable and disposable
land (A&D), as well as the distribution of responsibilities among different departments will
be explained. Subsequently, the evolution of the Philippine tenure system in FL will be
explained, followed by a description of the most important tenure instruments in the study
area.

3.1. The Land Classification System in the Philippines
The classification of the total land area of approximately 30 million ha into FL an A&D land
plays an important role for understanding the tenure system and related conflicts on the
policy level.
As stated in Article XII, Section 2 of the 1987 Constitution, all lands of the public domain and
natural resources belong to the state. This leads to the division of the land into two general
categories: A&D land and FL.
A&D land can be privately owned and is further classified according to its use, such as
agricultural, residential, commercial, etc. In 2009, 14.15 million ha (47 percent of the total
land area) were classified as A&D (FMB 2009).
15.85 million ha (53 percent of the total land area) belong to the FL category. This category
includes all lands with a slope of 18 percent and above – the uplands (Revised Forestry
Code - PD 705, Section 15). FL is land of the public domain and therefore legally under state
ownership. Thus, the state is “the largest absentee landlord” (Guiang & Castillo 2006: 3).
FL is further divided into land to address public goods (such as forest reserves and national
parks), civil and military reservations, land allocated to communities, land allocated to the
private sector and unallocated FL. Unallocated land accounts for around one fourth of the
FL and is de facto under open access (Guiang & Castillo 2006).
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Only 6.43 million ha of the total FL were actually covered with forest 3 in 2003, according to
the FMB (2009). This corresponds to around 21 percent of the total area of the Philippines
and only 41 percent of the FL area. There is no reliable information about the allocation of
forest cover within the above mentioned subcategories. This makes it difficult to compare
the different forest management practices (Guiang & Castillo 2006).
Different departments and agencies are responsible for the management and
administration of FL and A&D land, respectively. In the next section, a short overview over
the departments involved in the administration of land titles is given.

3.2. Institutional Settings for Land Administration
The institutional setting for issuing tenure agreements and certificates in the Philippines is
very complex, as many different departments and agencies are responsible for
administration and management of the land. Land administration refers to the processes of
recording, publicizing and managing information about ownership, transfer, and valuation
of land. It includes management of state owned lands, which comprises land allocation and
land use management, as well as the related social, economic, and environmental issues
(Land Administration and Management Project 2 2009).
In total, about fifteen agencies are involved in the Philippine land administration system.
Thus, it is considered to be “one of the most complex systems in Asia and is consequently
plagued with institutional defects, inconsistencies, corruption, and unworkable practices”
(Mendoza 2007: 8).
Regarding land titling through administrative processes4, three agencies are involved
(Mendoza 2007):

This includes different categories of forest: closed and open forests, mangrove forests as well as plantation
forests.
3

Through administrative processes, land titles with conditions and limitations can be issued. Absolute
ownership titles can be obtained only through juridical processes (Mendoza 2007).
4
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The department responsible for the administration of FL is the DENR. The lowest entity of
the DENR are the 170 Community Environment and Natural Resources Offices (CENROs),
which are responsible for the implementation of the DENR policies, programs, projects and
activities as well as the enforcement of laws and regulations in their respective jurisdiction.
Furthermore, the National Commission for Indigenous Peoples (NCIP) is responsible for
issuing titles to indigenous communities which in most cases, are living inside FL areas.
The Comprehensive Agrarian Reform Program (CARP) is implemented by the DAR.
Certificates of Land Ownership Awards (CLOAs) are issued to beneficiaries of the agrarian
reform. The DAR is only responsible for issuing titles in A&D land.
The involvement of different departments and agencies, each with enabling laws and
guidelines, leads to problems, such as long bureaucratic processes, overlapping functions,
and corrupt practices. It happened, that for the same plot, two different titles from two
agencies were issued, or that two parties received the same piece of land (Mendoza 2007).
The complex institutional setting has evolved over many decades and has its origin in the
colonial land administration system. The history of the land tenure system and the tenure
instruments that can be issued for FL will be presented in the following section.

3.3. Tenure Instruments in the Philippine Forest Lands
The most important tenure instruments that are issued to individuals and communities in
the uplands of the island of Leyte, are Certificate of Stewardship Contracts (CSCs) and
Community-Based Forest Management Agreements (CBFMAs), respectively.
Another recently introduced land tenure instrument are Co-Management Agreements
(CMAs), where local governments enter into a Memorandum of Agreement with the DENR.
After establishing a plan about how the forest resources will be used, which has to be
approved by the DENR, natural resource management is devolved to the local government
unit. They are then allowed to issue individual property rights to forest occupants in their
jurisdiction (U.S. Forest Service 2011). But the functioning of CMA varies strongly between
regions, and has only very recently been issued in region VIII. Until today, no individual
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property rights have been issued to forest residents (F. Polenio 2012, pers. comm., 12 June).
Therefore, CMA is not considered in this study.
In the surveyed barangays5, the only tenure instruments are CBFMAs and CSCs. After briefly
describing the development of today’s land tenure system, the two tenure instruments will
be presented in more detail.

3.3.1. Development of Today’s Land Tenure System
The processes of deforestation, land use change as well as the evolution of the tenure
system for FL in the Philippines are all closely linked to the historical context.
Prior to the colonization by the Spanish, land was generally under customary communal
ownership and everybody had access to the forest and its resources. Those, who cleared
and cultivated the land first, had the right to use it (Pulhin et al. 2008).
During the Spanish colonial era (1565-1898), all lands and natural resources were put
under control and regulation by the state with the institution of the Regalian Doctrine. This
weakened the customary tenure rights of many indigenous communities to their ancestral
lands and to the forest resources. (Pulhin et al. 2008)
In 1935, during the time of the US-American stewardship, the First Constitution was
adopted. It formally consolidated the Regalian Doctrine and stated that all timberlands are
under state ownership. Consequently, the indigenous population was considered as
squatters within the lands that they had customarily occupied for centuries. During this
period, big logging companies started entering the country. Timber License Agreements
(TLAs) were issued which allowed the holders to cut trees. Thus, forests were made
accessible with the construction of roads, and former forestlands started to be converted
for extensive agriculture (e.g. pasture lands and mining areas). Many of the TLA concessions
were given to friends of the President, national elites and foreign investors. These processes
led to a steady reduction of forest cover until the 1970’s, exploitation of natural resources,

5

A barangay is the smallest administrative entity in the Philippines. It is the Filipino term for village.
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and the displacement of many forest residents. (Poffenberger 1999, Guiang et al. 2001,
Mendoza 2007, Pulhin et al. 2008)
But the main reason for the heavy deforestation was not only the TLA holders and their
logging operations. As the forests were made accessible, illegal logging activities increased,
slash-and-burn farming (kaingin) was practiced, and agriculture expanded. More and more
people settled in the uplands. (Kummer 1992, Guiang et al. 2001)
From the 1970’s on, the pressure on the state increased due to increasing public and
international pressure and environmental awareness. This led to the shift from the
centralized forest management system to the approach of forest management by the
communities. (Poffenberger 1999, Lasco & Pulhin 2006)
In 1982, the Integrated Social Forestry Program (ISFP) was launched. The major objectives
were to stop forest destruction caused by shifting cultivation, rehabilitation of the forest,
and to fight poverty of forest residents (Pulhin et al. 2008). Through the ISFP, tenurial
agreements were issued to individuals (CSCs) and to communities (Certificate of
Community Forest Stewardship: CCFS) who applied for it. These agreements, which are still
valid today, grant land tenure for a designated area for a period of 25 years and in return,
the forest occupants have to protect and reforest the land. CSCs will be discussed in detail in
section 3.3.3 Certificate of Stewardship Contracts (CSCs).
But the ISFP covered only a very small share of the uplands (around 815,000 ha) and its
impact was limited (Guiang et al. 2001). According to Pulhin et al. (2008), the first social
forestry projects did not significantly improve the livelihoods of the poor in the uplands.
The main objective of the government was rather the protection of the forest and its
resources.
However, the transformation towards community-based forest management continued.
Different programs with the objectives of reforesting and rehabilitating the forests by giving
limited tenure rights were launched. In the mid 1990’s, the various programs were
integrated into the CBFM program, which was institutionalized in 1995. It institutionalized
the “gradual shift from the ‘protect, prohibit, and punish’ mode of forest management with
communities to the ‘protect, participate, and profit’ paradigm” (Larsen 2000 cited in Guiang
et al. 2001). The CBFM program is discussed in the following section.
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3.3.2. Community-Based Forest Management Agreements (CBFMAs)
CBFM was institutionalized in 1995 and declared as the “national strategy to attain
sustainable forest management and social justice” (Executive Order 263: Section 1).
It is based on the formation of POs and promotes sustainable techniques such as
agroforestry and tree farming. The program integrates various former forestry programs of
the government (DENR 2004a)
The main instruments of the CBFM project are Community-Based Forest Management
Agreements (CBFMAs), which are signed between the DENR and the respective PO. The PO
has to develop a Community Resource Management Framework (CRMF) and five-year work
plans, in which they must state how they will manage the forest resources. After approval of
these plans by the DENR, the PO is given limited tenure rights for 25 years with the
possibility of extension for another 25 years. The area covered by the CBFMA is classified
into protection and production areas. In production areas, agroforestry and mixed planting
of agricultural crops, fruits and forest trees can be applied. For utilization of forest
resources the PO has to apply for a resource use permit, which has to be approved and
issued by the DENR. Protection forests shall be protected and conserved with the help of
the communities. (DENR 2004a, 2004b)
As stated in Department Administrative Order (DAO) 2004-29 (DENR 2004b), which
contains the rules and regulations for the implementation of the CBFM strategy, incentives
for the PO for participation in CBFM, include: (i) development, management and utilization
of the FL and resources, (ii) allocation of resource use rights to the PO members, and (iii)
the right to enter into joint ventures with public or private entities for the development and
management of FL inside their CBFM area. In return, the PO has to protect the FL as stated
in the plans.
According to the most recent numbers published by the U.S. Forest Service (2011: 30),
1,874 POs had been issued CBFMAs in 2011. They covered around 1.8 million ha of land. As
the CBFMA is an agreement between the PO and the DENR, the individual households do
not receive an individual title to their land.
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But under the CBFM framework, the issuance of individual CSCs to individual PO members
is officially recognized (DENR 2004b). Origin and functioning of CSCs are described in the
next section.

3.3.3. Certificate of Stewardship Contracts (CSCs)
Stewardship contracts were first issued under the ISFP, which was introduced in 1982.
Stewardship agreements were given to individuals (CSC) and communities (CCFS) in the
uplands. Upland farmers living in areas covered by the ISFP could apply for receiving a CSC
for the land they were tilling. The document was then issued to the household head or the
couple, in case of married people. (DENR 2004b)
The CSC allows cultivation of a specific plot on condition that the holder protects and
reforests the land. Cutting and harvesting of naturally growing trees is only allowed after
authorization of the DENR. The certificate is valid for 25 years, with the possibility of
renewal for another 25 years after this period. (DENR 2004a)
In 1995, the ISFP was integrated into the CBFM program. This means, that many CSC
holders were also included in the CBFMA where possible, although they are not necessarily
a PO member. They therefore do not have the duty to protect the CBFM community forest.
In some cases, the CSC plots are even outside the CBFM area.
After the implementation of the CBFM project, new CSCs can only be issued within
established CBFM areas subject to endorsement of the PO (DENR 2004a). But according to
information of the U.S. Forest Service (2011), no new CSCs were issued since 2008. In the
jurisdiction of the CENRO Maasin, no new CSCs were issued since the introduction of the
CBFM program in the mid 1990’s (E. Alcarde 2012, pers. comm., 25 April). This matter will
be discussed in chapter 5.5.2.
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4. Methodology
In this chapter, the methodological approach of this study will be presented. After
explaining the conceptual framework, the methods and the process of data collection will be
described. Thereafter, the methodology of estimating a poverty index with principal
components analysis (PCA), and the plot-level regression model for estimating the
determinants and constraints to tree keeping will be explained. Finally, the approach for
measuring tenure security will be presented.

4.1. Conceptual Framework
In the following section, factors that could explain differences in the decision of farming
households to keep trees on their plots are described. The plot-level was chosen, because
one household can operate on more than one plot and the tenure status among these plots
might vary. Furthermore, plots have different characteristics, such as soil quality, distance
to the homestead, and slope. This approach has been applied by many authors who studied
the impact of land tenure on adoption incentives and cultivation practices (Predo 2003,
Santos-Martín 2007, Deininger & Ali 2008, Deininger et al. 2008, Saint-Macary et al. 2010,
Kassie et al. 2011).
The conceptual framework is based on economic theory, literature review, and empirical
observations and includes household and plot-level variables.
The number of trees on a plot is the sum of timber trees, fruit trees, coffee (Coffea spp.), and
cacao (Theobroma cacao). The decision to include only these kinds of trees and perennials,
and not coconut (Cocos nucifera), banana (Musa spp.), and abaca (Musa textilis) is based on a
study of Weidner et al. (2011), who compared the economic, environmental and social
sustainability of different tree-based farming systems in Leyte, the Philippines. The results
suggest that timber, fruit, and coffee-based systems have the highest positive overall and
environmental impact compared to coconut, and banana-based agroforestry systems. The
underlying variables of their environmental assessment include the soil water storage
capacity of crops, the share of nitrogen-fixing crops, the contribution to soil conservation
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through deep rooted perennials, and carbon storage potential of the tree crops (Weidner et
al. 2011).
Figure 1 is based on Predo (2003: 8). Household and plot characteristics, as well as
institutional and policy factors are assumed to directly influence the decision of a farmer, on
how many trees he will keep on his plot. The tree growing objective of a farmer depends on
both, household and plot characteristics and can be of economic, non-economic, and
environmental nature. The amount of trees on a plot is positively related to individual and
societal welfare, as discussed in chapter 2.1.

(Source: Own graph based on Predo 2003: 8)
Figure 1: Conceptual framework for the extent of trees on a plot
At the household level, the educational status is expected to have a positive influence on the
tree keeping decision of farmers. This assumption is based on similar studies by Predo
(2003) and Saint-Macary et al. (2010), who found significant relationships between the
education level and the tree growing decision and the adoption of agroforestry,
respectively. Predo (2003) sees the reason for this in the increased awareness of more
educated farmers about economic and environmental benefits of tree-based agricultural
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systems. Similarly, older farmers showed a higher concern about environmental protection
through tree growing activities on their land (Predo 2003). Thus, the tree keeping decision
is also expected to have a positive relation to the age and the farming experience of a
person.
Considering labor input, tree planting systems are not as labor demanding as the cultivation
of annual crops. Households with a low labor endowment might thus rather choose to
cultivate trees on a plot than households with a high number of available family labor, as
hypothesized by Santos-Martín (2007).
Besides labor endowments, the wealth status of a household could be influencing the
number of trees kept. This is based on two assumptions: On the one hand, in case of capital
need, a poor household could opt to harvest the trees and sell the timber in order to
generate income. On the other hand, considering the decision to plant trees, a lack of capital
could constrain a household to buy necessary inputs. Thus, the influence of income on the
number of trees on a plot is ambiguous.
Receiving material support from the government or from development organizations in the
form of seeds, seedlings, or monetary input can help farmers to overcome these constraints
and thus, positively influence the extent of trees on a plot. Moreover, the perceived access to
extension services can be seen as a sign of social capital of the household. This could also
increase the extent of trees on a plot, as the household feels that he can rely on help from
the PO or any other organization in case of need.
Another factor assumed to be influencing the number of trees on a plot is the total farm size
of a household. Studies confirmed that the larger the land area managed by a household, the
higher the likelihood of adoption of tree based soil conservation practices (Predo 2003,
Santos-Martín et al. 2011). This is consistent with findings of Shively (1998) who studied
the mango tree planting decision of low-income farmers in the Philippines. He found a
positive relationship between farm size and the absolute number of mango trees on a farm.
However, the share of land devoted to mangos decreased with increasing farm size. He
assumes that initial fixed cost of tree planting are an explanation for this phenomenon.
Besides the household-level characteristics, plot specific factors have to be considered
when assessing farmers’ decision to keep trees. Distances of the land to the homestead and
plot size are expected to have a positive relationship to the number of trees on a plot. Slope
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might also be an influencing factor. The steeper the plot, the more difficult the cultivation of
other crops and the higher the risk of landslides and erosion. Therefore, farmers might opt
to keep more trees on steep land. Furthermore, flat plots are not as affected by erosion and
soil degradation as steep plots, which makes the adoption of soil conservation measures
less necessary, as Deininger et al. (2008) found out.
Furthermore, the tenure status and the perception of tenure security are plot specific as the
same household might have various plots under different tenure instruments. As discussed
in chapter 2.1, the land tenure status of a plot and especially the perceived land tenure
security is expected to have a positive impact on the number of trees on a plot. Thus, the
years of possession of the tenure instrument, or the years, since a household got access to a
plot is likely to influence the feeling of tenure security of a household (Hagos & Holden
2006). It is hypothesized, that the longer a plot is cultivated by a household, the higher the
number of trees in the system, because with time the household will develop a sense of
security over the given plot.

4.2. The Study Area
Four upland POs, all having signed a CBFMA were chosen as a treatment group in close
consultation with GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit GmbH)
and local CENRO officials. Three of the POs, namely YISEDA (Young Innovators for Social
and Environmental Development Association), AMPCO (Anahao Movement for Productive
Community Organization) and KUFA (Kahupian Upland Farmers Association), are located in
the province of Southern Leyte, one, CSVFA (Cienda San Vicente Farmers Association), in
the municipality of Baybay, province of Leyte. The POs entered the CBFMA between 1998
(KUFA) and 2000 (CSVFA and YISEDA).
The three control barangays inside FL not covered by any tenure instrument were
determined together with officers from the CENRO offices in Maasin and in Baybay. Two of
these barangays are located in the municipality of Sogod, Southern Leyte, one barangay in
the municipality of Baybay, Leyte. A map of the studied barangays is provided in Annex A.
The study sites are located in the southern part of the province of Leyte and in Southern
Leyte. Both provinces together constitute the island of Leyte, which is located in the central
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eastern part of the Philippines. The total land area of Leyte Island is around 800 thousand
ha, of which around 75 percent belong to the province of Leyte and 25 percent to Southern
Leyte (FMB 2009).
The study regions are characterized by flat coastal zones and high mountains in the interior
part of the island. The maximum elevation of the treatment barangays was 800 meters
above sea level, according to information provided by the CENRO Maasin6. This topography
is favorable for many forest ecosystems but also increases the threat of soil erosion, if forest
cover is removed (Poffenberger 1999). The total forest cover inside FL in 2003 was
approximately 60 thousand ha in the province of Leyte and 26 thousand ha in Southern
Leyte (FMB 2009). This accounts for around 28 percent of the total FL of the province of
Leyte and around 54 percent of the FL of Southern Leyte.
None of the barangays included in the study was accessible via paved roads, but all could be
reached by car in a 20 to 30 minutes ride from a main paved street. In all barangays,
farming is an important activity for livelihood and income generation. Traditionally
cultivated crops are coconut, banana, and abaca. The main production system applied by
the upland farmers is called “halo-halo”, which means “everything-mixed together” in
Cebuano, the local language. It consists of mixed species on one plot, occupying different
canopy layers. Trees and perennials constitute the upper layer, providing partial shade to
annual crops, which are cultivated in the lower layers.
Poverty incidence in the province of Leyte was 34.3 percent of the population in 2009. In
Southern Leyte, this number was even higher, with 43.3 percent of the population living
below the provincial poverty threshold7. (National Statistical Coordination Board 2011)

Information about the elevation was not available for the area of the PO CSVFA in the jurisdiction of the
CENRO Baybay.
6

The poverty threshold is considered as the amount of Philippine Pesos (PhP) needed to satisfy basic needs. It
is calculated for each province and was 15,000 PhP/year for the province of Leyte and 16,707 PhP/year for
the province of Southern Leyte in 2009, respectively. (NSCB 2011)
7
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4.3. Data Collection Methods
The data was collected during a three month stay of the author of this thesis in the city of
Baybay, Leyte. A combination of qualitative and quantitative methods was chosen in order
to assess the research questions from different angles.
First, in depth interviews with a number of key informants and experts were conducted to
gather background information on land use and land tenure systems in the study area.
Furthermore, questions regarding conflicts about political responsibilities and processes
related to the tenure system were discussed. The informants include GIZ advisors
responsible for CBFM projects, professors of the College of Forestry and Natural Resources
of the Visayas State University (VSU), the Regional Technical Director of the DENR in Region
VIII and the heads of the Forestry Section of the CENRO Maasin and the CENRO Baybay,
which represent the DENR at the community level. A list of key informants can be found in
Annex B.
Subsequently, a quantitative survey with a structured questionnaire (see Annex C) was
conducted in four POs and three barangays with the goal of interviewing a total of 100
farming households. Additionally, in each of the four POs, a semi-structured interview with
the PO president was conducted to gather information about the respective PO, the tenure
instruments, land uses as well as extension and support services. See Annex E for the
central questions.
In three of the POs, namely YISEDA, AMPCO and KUFA, focus group discussions with six to
eight participants belonging to the village elders were carried out to elaborate a visual
timeline of the introduction of land tenure instruments, supporting extension projects and
programs and the changes in land use and forest cover over time. A list with participants of
the focus group discussions is provided in Annex F.
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4.4. Sampling Frame and Data Collection Process
The four upland POs, all having a CBFMA, were selected in close consultation with GIZ.
Three of them, YISEDA, AMPCO and KUFA, are located in the province of Southern Leyte,
another one, CSVFA, in the municipality of Baybay, province of Leyte. In each PO, 15
households with at least one plot inside CBFM area or under a CSC were randomly selected
with the method of systematic sampling (Henry et al. 2003). As there were no official list
available, lists of households with plots under a tenure agreement were elaborated together
with the presidents of the respective PO. Where possible, an interview with the household
head was conducted. In cases where this was not possible, because the household head was
absent or had to work on the field, the spouse was the one interviewed. The interviews
were conducted with the help of translators, because neither English nor Tagalog was
spoken by most of the farmers, who rather dominate Cebuano, the local language of the
Visayas.
Originally, it was intended to choose respondents for the control group from the same
barangays from which the farmers having a tenure agreement were selected. But during the
first visits to PO YISEDA it became clear, that nearly all of the farmers had at least one plot
under some kind of tenure agreement. Thus, the local CENRO officers were consulted in
order to find barangays in areas which are not covered by any tenure instrument, and three
such barangays accessible by car where finally selected. Two of the barangays (San Juan and
San Vicente) are located in the municipality of Sogod, Southern Leyte. The third barangay of
this group is barangay Kansungka in the municipality of Baybay, Leyte. In each of these
three barangays, an equal number of 13 respondents were selected using the “random
walk” method (see Henry et al. 2003).
In the survey, only households with at least one plot inside FL and who owned the plot for
at least 12 months were included. The first restriction follows directly from the purpose of
the study: Only plots inside FL are considered. Secondly, the plot should be owned by a
member of the respondent’s household and should not be under a tenancy agreement.
Detailed cultivation information about tenancy plots was not gathered in the survey,
although the ownership status might influence cultivation preferences of the farmers
(Bandiera 2007). Tenancy is not officially recognized inside FL and capturing landholdertenant relations is very complex in the given settings. Ultimately, not many plots were
affected by this exemption.
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The third restriction excludes all plots that are owned by households for less than 12
months, as after acquiring a new plot, time is needed to change and implement the
cultivation decision of the household.
In some cases, the selected households did not have a plot under a tenure instrument as
indicated in the lists elaborated by the PO presidents. In these cases, the respondents were
nevertheless interviewed, as long as they satisfied the three above mentioned restrictions.
Adjustments to the number of households interviewed in the treatment and the control
group were made due to limited availability of the respondents.
The questionnaire was pre-tested during a field trip to the PO YISEDA in the municipality of
Maasin. Final adaptations were made before using the questionnaire for the actual survey.
Information about land tenure status, cultivation decision and perceived tenure security
was gathered at the plot-level. As some households had several plots under different tenure
systems, the final sample includes 104 households and 157 FL plots. Table 1 shows the
number of surveyed households in each barangay, and the number of plots under each
tenure instrument.
Table 1: Number of surveyed households and plots under different tenure
instruments in each barangay
Municipality

Barangay

PO with
CBFMA

Number of
HH surveyed

Number of plots

Maasin

Lunas

YISEDA

18

7

14

Non- Total
tenure
10
31

Bontoc

Anahao

AMPCO

15

5

12

0

17

Sogod

Kahupian

KUFA

15

21

4

1

26

Baybay

Cienda/San
Vicente

CSVFA

18

9

11

3

23

Sogod

San Juan

-

14

0

0

24

24

Sogod

San Vicente

-

13

0

0

20

20

Baybay

Kansungka

-

11

0

2

14

16

104

42

43

72

157

Total

CBFM

CSC

(Source: Own survey data)
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4.5. Data Cleaning
Consistency checks, box plots and histograms were applied in order to detect
inconsistencies, wild codes, typing errors, extreme values and outliers. Because of the
relatively small sample size (N=104), the goal was to keep as many observations as possible
without distorting the accuracy of the data. Extreme outliers were detected by checking
whether observations of more than three standard deviations from the mean exist. If this
was the case, they were replaced by the upper bound value, calculated as the third standard
deviation from the mean.
For household expenditure on clothing and footwear, data for 11 household members (out
of 451) was missing due to an interviewer error and due to respondents who could not give
such an estimate. The missing values were replaced by the median of the age and sex group
of the respective persons, assuming that expenditure on clothing and footwear is similar in
these groups.

4.6. Estimation of a Poverty Index with Principal Component
Analysis (PCA)
As mentioned in chapter 4.1. Conceptual Framework, the wealth level of a household is
expected to positively influence the number of trees on an agricultural plot. Therefore, a
variable capturing “wealth” should be included in the regression model.
Hence, data about agricultural and cash income, as well as about expenditures for clothing
and footwear was collected during the survey. The recall period was set to the past 12
months. Obviously, the decision of a farmer to keep trees does not directly depend on the
past years wealth status. Moreover, data on income can be subject to substantial
fluctuations from year to year, especially in rural agriculture. Therefore, Deaton & Zaidi
(2002) prefer current consumption expenditure data to income as a proxy for long term
welfare of a household, because consumption variability is relatively low in agricultural
economies. Furthermore they state that gathering accurate income data is difficult in areas
where self-employment is common.
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Filmer & Pritchett (2001) agree that expenditures are easier to measure than data on
income in most rural settings. Nonetheless, they propose the construction of an “asset
index” including data on asset ownership and housing indicators, to estimate wealth. In
their study, the asset index proves to be at least as reliable as conventional measures of
consumption expenditures. The asset index was estimated with PCA.
A similar approach is used in this study. Poverty and deprivation are seen as
multidimensional phenomena and do include non-income aspects (Kakwani & Silber 2008).
In order to include different dimensions of poverty in the model as a proxy for wealth, a
PCA was conducted to estimate a relative poverty index. Relative poverty means having less
than others in a society.
The approach used in this study is based on the Microfinance Poverty Assessment Tool of
the Consultative Group to Assist the Poor (CGAP) (see Henry et al. 2003). The authors used
PCA to assess the differences between clients and non-clients of microfinance programs.
Their tool provides a guideline that helps to adapt the concept of poverty to local conditions
and to assess relative poverty.
PCA is used to incorporate a set of variables into one single index. The linear combination of
all included variables that captures the largest amount of information that is common to all
of the variables is called the first principal component. It measures “poverty” (Henry et al.
2003).
Based on the guidelines provided by Henry et al. (2003), the following steps constituted the
phases of the research:
First, questions about human resources, housing indicators, asset ownership and food
consumption were included in the household questionnaire and adapted to the local
settings. After a pretest, the survey was conducted in four treatment barangays and three
barangays that served as a control group.
After data entering and cleaning, additional variables were generated through aggregation
and transformation (e.g. child dependency ratio or per capita indicators).
The objective was to include as many indicators from various dimensions of poverty in the
poverty index. Indicators that shall be used as explanatory variable in the final model, such
as educational status, were not included in the PCA. Furthermore, according to Filmer &
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Pritchett (2001), income and expenditure data are not among the variables used for
generating the poverty index. Instead, the poverty index is based on variables capturing
human resources endowments, housing quality, asset ownership and food security.
Following Henry et al. (2003), the performance requirements for the poverty model were
component loadings of each variable on the first component of at least 0.3, a minimum
Eigen value of one of the first component, and a Keyser-Meyer-Olkin (KMO) measure of at
least 0.6. Furthermore the signs of each component coefficient should be plausible.
The results of the final PCA were saved as a new variable – the poverty index.
Standardization is done in order to unify the units of the included variables. The poverty
index ranks the household according to their respective poverty score. The lower the score,
the poorer the household compared to the other households. This variable will be used in
the regression model in order to proxy wealth.
The analysis was done using the statistical software STATA, version 12. The results of the
PCA are presented in section 5.2 Results of the PCA.

4.7. Plot-Level Estimation Method
To econometrically identify the factors influencing the extent of trees on a plot, a log-linear
Ordinary Least Squares (OLS) regression model was chosen. The dependent variable
number of trees includes timber trees, fruit trees, and coffee and cacao trees. None of the
households had zero trees on any of its plots, thus an OLS regression model was chosen.
The logarithmic transformation of the dependent variable was done in order to meet the
OLS assumption of normally distributed residuals.
Plots with a slope8 of one (= level) were excluded from the analysis for the following
reasons: Only upland plots should be considered in the analysis. These are defined as
having slopes of at least 18°, which means a slope category of at least three. Anyway,
farmers could have underestimated the slope of their plot, and not too many plots should be

The slope was assessed by the respondents on a scale from one (=level) to five (> 30°), using a sketch for
illustration. See Annex D.
8
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excluded from the analyses. Thus, only plots within the slope category one were excluded
from the regression analysis. Many of the level plots are used for rice cultivation, and are
thus not used for tree-based farming systems.
To estimate the determinants of the extent of tree keeping, the following underlying
equation for the regression was chosen:

Where
…is the number of trees on plot p of household h,
…is the distance of plot p to the homestead of household h, in walking
hours,
…is a dummy for steepness of plot p of household h (being one if slope > 30°),
…is the size of plot p of household h, in ha,
…is the years, since household h got first access to plot p,
…is a dummy variable indicating whether plot p of household h is under
a tenure instrument (either CBFM or CSC) or not,
…measures the perceived access to agricultural extension of household h
on a scale from one (very poor access) to five (very good access),
…is a dummy variable for the reception of material support, being one if the
household had received material support to cultivate and keep trees in the
past 24 months,
…is the age of the head of household h,
…measures the maximum years of education among the members of
household h,
…is a variable counting the number of non-disabled members between 15 and
60 years old per ha of cultivated land of household h,
…is the total land owned by household h, in ha,
…is the poverty index score of household h,
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…are regression coefficients of the explanatory variables.
…is a normally distributed error term.

The main hypothesis of this study that the possession of a tenure instrument increases the
number of trees on a plot would imply that the estimator

is positive and significant.

The variable SUPPORT includes labor, monetary assistance, or in-kind inputs (seeds,
seedlings, fertilizer or tools, for instance). The support has been provided either by
governmental institutions, non-governmental organizations or a PO. The influence of the
support variable on the dependent variable is not straightforward, because the support
received in the past 24 months does not influence the overall number of trees, which can be
kept on the plot since several years. It is rather likely that support has an influence on the
planting of new trees and the management decision of a farmer, not to cut trees during and
after the recall period. Unfortunately, data about the age of the trees is not available in
order to examine the magnitude of this effect. But nevertheless it was decided to keep the
variable in the model in order to capture the above mentioned relationships. A more
detailed explanation of the variables included in the final regression is given in chapter 5.1.1
Summary Statistics of Regression Variables.
The inclusion of other variables, such as soil quality, or a dummy for barangays, was tested.
But these variables did not have a significant influence on the dependent variable and
worsened the model results. Furthermore, including an interaction variable measuring the
years of possession of the tenure instrument was not significant and worsened the model
performance. Thus, the years since the household got access to the plot was chosen to be
included in the model in order to capture the time aspect of tree keeping.
The model was tested for unusual and influential observations by checking for large
residuals and high leverage which led to the exclusion of one plot observation. In order to
verify that the chosen model meets the underlying assumptions of an OLS regression, tests
for normal distribution of the residuals, homoskedasticity of the residuals, multicollinearity,
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and a linear relationship between the predictor and the outcome variables were conducted.
Furthermore, tests for omitted variables were performed.9
The log-linear form of the model was chosen after testing the original linear model for
normal distribution of residuals by comparing the distribution of the residual graphically to
the normal distribution. This pointed towards a non-normal distribution. Performing the
Shapiro-Wilk test for normality led to the rejection of the null hypothesis of normal
distribution with a level of significance of 0.001. Thus, the natural logarithm of the number
of trees was taken. According to Hill et al. (2008: 93), using the natural logarithm of
variables is often done for variables that “measure the ‘size’ of something”. After
transforming the model, the null hypothesis of a normally distributed error term could not
be rejected. Furthermore, no single observation seemed to be unusual and influential after
inspecting the magnitude of the residuals and leverage.
Homogeneity of residuals was tested by applying the Breusch-Pagan test and White’s test
for detecting heteroskedasticity. Both test the null hypothesis of constant variance of the
residuals (homogeneity). The null hypothesis was not rejected in both cases at a
significance level of five percent and thus, homoskedasticity is assumed.
Multicollinearity was tested with the variance inflation factor (VIF). As suggested by Chen et
al. (2003), a factor above 10 is worrisome. This was not the case for the included variables.
The highest VIF was 2.20 for the variable measuring the total land area owned by each
household.
Testing the linearity of the relationship between the predictors and the outcome variable
was done visually by plotting an augmented component-plus-residual plot (Chen et al.
2003). Overall, no strong indication towards non-linearity was found.
Finally, model specification was tested by performing two regression specification error
tests (RESET) for omitted variables and a correctly specified functional form (see Hill et al.
2008). F-tests for testing the null hypothesis of no omitted variables were performed. Both

STATA outputs of these tests for the model with the logarithm of the number of trees per plot as the
dependent variable are represented in Annex G.
9
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tests resulted in a p-value of more than 0.100 and thus, the null hypothesis could not be
rejected.
The same steps were applied for testing a second model, with the logarithm of the number
of trees per ha of a plot as the dependent variable. The result of White’s test led to the
rejection of the null hypothesis of homogeneity of residuals at a significance level of 0.05.
The Breusch-Pagan test rejects the null hypothesis at a significance level of 0.1. Visual
inspection of the residuals versus the fitted values pointed towards heteroskedasticity.
Thus it was decided to use White’s heteroskedasticity robust standard errors for both
models.
Moreover, a Hausman test for endogeneity (Hill et al. 2008) was performed for the variable
measuring wealth (see Annex H). Wealth is assumed to positively influence the number of
trees on a plot, but a higher number of trees might in return increase the wealth level of a
household. Thus, reverse causality could lead to an endogeneity problem. For conducting
the Hausman test, the number of days, inferior food was served to the household members
during the seven days prior to the survey, and the per capita expenditures for clothing and
footwear in the last 12 months were chosen as instrumental variables. The null hypothesis
that wealth is exogenous could not be rejected, with a p-value of more than 0.100 for the ttest. Thus, there is not enough evidence to assume endogeneity.
Results of the regression analysis will be reported in section 5.3 The Plot-Level Model.

4.8. Measuring the Perception of Tenure Security
In the study, the impact of having a formal tenure agreement on the perception of tenure
security should be assessed. Land tenure can be formal, i.e. defined by law, or informal, i.e.
based on “informal relationships among people defining their affiliation to the land” (Laksa
& El-Mikawy 2009: 3). But having formal land tenure does not automatically lead to higher
tenure security. As discussed in chapter 2.2 The Relation between Land Tenure Security and
Sustainable Land Use, what matters for sustainable land use is the perceived land tenure
security.
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Wilusz (2010) discusses the use of quantitative indicators for the assessment of tenure
security of common property resources, such as forests. He groups indicators into the
following three categories:
(i) Indicators that use past performance: These include violations of tenure rights or
unsustainable resource use in the past.
(ii) Indicators that use perceptions of the future: Perceptions of people combine their past
experiences with expectations of future tenure security.
(iii) Indicators that estimate tenure security based on the characteristics of the association
handling the common property: Some associations, e.g. a PO, can better protect themselves
against internal and external threats to tenure rights than others.
In order to assess the perception of tenure security of the farmers included in the sample,
two indicators were chosen - one measuring past experiences, the second one future
perceptions. As suggested by Wilusz (2010), the question about how secure the respondent
feels not to be evicted from his land in the next five years was included in the survey.
According to Wilusz (2010), this indicator was also used by World Bank and UN-HABITAT.
The question was asked for each plot of the household in order to assess the possible
relationship between the formal tenure status of the land and the perception of security of
the respondent. As in studies conducted by Gebremedhin et al. (2001) and Hagos & Holden
(2006), the respondents could choose between the potential responses very secure,
moderately secure, moderately insecure or very insecure.
The second question regarding perception of tenure security should capture aspects of past
experiences of the household. Respondents were asked whether they had heard of any
cases of women, men or households who had been evicted from their land in the past 10
years. This is based on the assumption that conflicts about tenure decrease tenure security
of people (Wilusz 2010).
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5. Results
5.1. Description of Households and Plots Included in the Survey
In the following chapter, descriptions of household and plot characteristics will be
presented. These descriptions only include the 96 households and 135 plots which are
included in the quantitative survey, in order to better depict relationships among variables.

5.1.1. Summary Statistics of Regression Variables
Table 2 provides descriptive statistics of the variables included in the regression.
The mean number of trees on an agricultural plot is 341. But this number ranges from one
to nearly 2,400 trees. The number of trees per ha is a little bit smaller, with a mean of nearly
240 trees per ha. But the range is still wide, with a minimum of 1.2 and a maximum of
around 1,350 trees per ha.
Regarding plot characteristics, the estimated average distance of the plot from the
homestead is 0.86 hours (around 50 minutes). Nearly half of the plots are considered to be
very steep, with a slope of more than 30°. The sample plot size varies between 0.125 and six
ha, with an average of 1.54 ha. The mean years since the household got access to the plot is
24 years. The most recent plot in the study belongs to its owner for two years. The oldest
plot is cultivated by a household for 64 years, i.e. since 1948 already.
The average perceived access to extension is 2.67. Nearly 60 percent of the households
reported to having received material support for the cultivation of timber and/or fruit
trees. Support was received by households in all barangays. In barangay Cienda/San
Vicente, support was provided mainly by the PO CSVFA and the Philippine Tropical Forest
Conservation Foundation (PTFCF) in the form of monetary assistance and in-kind inputs. In
barangay Anahao most farmers reported having received support by the CARP-Program of
the DAR and by GIZ. CARP provided the farmers with monetary assistance, GIZ supports the
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Table 2: Summary statistics of regression variables
Variable

Description

Mean

S.d.

Min

Max

Number of trees

Number of trees on a plot

341.03

554.93

1

2392.93

Trees per ha

Trees per ha on a plot

238.80

314.79

1.2

1355.59

Plot characteristics
Distance

Distance of plot from homestead, in 0.86
hours walking

0.71

0

3.33

Steepnessᵃ

Plot is very steep, with a slope of 0.45
above 30° [1 = yes, 0 = no]

0.05

0

1

Plot size

Plot size, in ha

1.27

0.125

6

Years plot

Number of years, since the HH first 24.00
got access to the plot

14.09

2

64

Agreement

Plot is under a tenure agreement, 0.56
either CBFM or CSC [1 = yes, 0 = no]

0.50

0

1

1.54

Household characteristics
Extension

Subjective score on access to 2.67
extension service [1 = lowest, 5 =
highest]

1.39

1

5

Support

HH received material support to 0.58
plant and/or cultivate timber and/or
fruit trees [1 = yes, 0 = no]

0.49

0

1

Land owned

Total area owned by the HH, in ha

2.94

2.34

0.125

9

Actives

Number of active HH members (non- 1.55
disabled between 15 and 60 years)
per ha of cultivated land

2.10

0

16

Age

Age of the HH head

13.22

28

79

Education

Maximum years of education of the 9.62
HH members, in years

3.41

1

15

Wealth

Poverty index score of the HH

1.06

-2.43

3

53.86

0.05

Number of plot observations=135
Number of households=96
ᵃ The slope was assessed by the respondents on a scale from one (=level) to five (> 30°), using a
sketch for illustration. See Annex D.

(Source: Own calculations)
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CBFM program and the Reducing Emissions from Deforestation and Forest Degradation
(REDD+) strategy. GIZ also supported farmers in the barangays of Kahupian and Lunas. In
the barangays San Juan and San Vicente, the reception of in-kind inputs from the PO KUFA
and from the DENR was reported by some farmers.
The smallest total area owned by a household is 0.125 ha, the biggest farm owned nine ha of
land. The average area owned by the survey households is 2.94 ha. Per ha of cultivated land,
the households had between zero and 16 non-disabled family members between 15 and 60
years old. One household had only one member, being above 60 years of age. Thus, in this
case there are zero household members counting as active. Regarding the total family size
of the households (this variable is not included in the regression), the average household
has 4.34 members. The number ranges between one and nine members.
The average age of the household head is nearly 54 years. The youngest head was 28 years
old, the oldest 79 years. Maximum education among the household members is quite high.
The average maximum years of education of the household members is nearly 10 years.
After 10 years of education, a high school degree is obtained. The maximum education of 15
years indicates, that college was finished. Regarding only the household heads, the average
years of schooling is 5.82.
The variable measuring wealth is explained in detail in chapter 5.2 Results of the PCA.

5.1.2. Distribution of Tenure Instruments among Households and Plots
A total of 96 households owning 135 plots are included in the regression analysis. The
restriction that information about the cultivation decision and tenure status was only
gathered for FL plots owned by a household led to the exclusion of 16 plots that were
cultivated by tenants.
Table 3 summarizes the distribution of tenure instruments among plots and households. Of
the 135 plots, 75 are under a tenure instrument. 35 of these plots belong to CBFM, and 40
are under CSC. 60 of the upland plots are operated without a title. Of a total of 96
households, 58 had at least one plot under a tenure agreement. 42 households did at least
operate on one FL plot without an agreement.
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Table 3: Tenure status and year of plot acquisition, by plot and by household
Percent
plotsᵃ
Operated under 55.56 (75)
an agreement

Percent
householdsᵃ ᵇ
60.42 (58)

Year of first
access to plot
(mean)
1988

Year of tenure
acquisition
(mean)
1997

CBFM

25.93 (35)

27.08 (26)

1996

2001

CSC

29.63 (40)

37.50 (36)

1982

1994

43.75 (42)
1988
Operated without 44.44 (60)
agreement
Number of plot observations=135
Number of households=96
ᵃ Absolute frequency in brackets.
ᵇ Households with at least one plot under such an agreement.
(Source: Own calculations)

---

The mean year, the households got first access to their land was 1988 for plots under an
agreement as well as for those, without agreement. The mean year for CBFM plots was 1996
and for CSC plots 1982. A reason for the early average year of access to CSC plots could be
that these plots were among the first ones which were used for agricultural purposes in the
uplands. As more and more people settled in the forests, more land was converted into
agricultural land and thus, the mean year of getting first access is higher for other plots.
The mean year, the tenure instrument was received by the households is higher than the
mean year of first access to the land. This is straightforward, because some households have
acquired a plot after it already was under CBFM, or a CSC was already issued to the
previous occupant of the land. In many cases, children have inherited the CSCs from their
parents.
Most of the plots (51 percent) were acquired by the households through inheritance. 23
percent of the plots were purchased, although officially, no land market exists inside FL.
Another form of gaining access to land is to convert forests into agricultural land. This was
done for 20 percent of the plots. But since the government is more concerned with
sustainable land use, illegal conversion of forests can lead to very high penalties. For four
percent of the plots (six plots), the households reported that they got access through taking
over a piece of land, that was already used for agricultural purposes before. A verbal
agreement was the way to get access to two plots.
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Farmers with plots inside CBFM areas do not receive any formal document about their
tenure status. Furthermore, none of the studied POs had an updated list of the CBFM plots
and their respective owners. The farmers and PO members just know, that their plots are
inside the boundaries of the CBFM production area.
For CSCs it looks different. When they were issued, the farmers got a document, stating the
responsibilities and regulations of the tenure agreement. The CSC is transferable to the next
of kin, but the plot should not be sold or leased out. Table 4 summarizes the original holders
of the CSC agreements in the study area.
Table 4: Original holders of CSC agreements
CSC
holder

HH
head

Parents Spouse Spouse
Brother Previous Husband Total
(deceased)
owner
and wife

Number

22

7

4

2

2

2

1

40

(Source: Own calculations)
Of the 22 household heads holding a CSC, 20 are male and two female. In the cases of the
spouses being the holder of the certificate, all household heads are male, i.e. the CSC was
awarded to or inherited by the wife. Only one CSC was issued to a married couple.

5.1.3. Plot Characteristics and Cultivation Patterns
When asked for soil degradation problems in the past 12 months, the farmers reported
having had such problems on 27 (20 percent) of the 135 plots included in the regression.
The perceived problems were erosion, landslides, and cracks. Farmers furthermore
assessed the soil quality on their plots quite positively. Given the options poor (= one),
medium (= two), and high (= three), the mean value for soil quality is 2.48, with a standard
deviation of 0.60. Only seven plots were reported to have poor soil quality.
Table 5 shows cultivation patterns of tree crops by plot and tenure status. It indicates the
percentage of plots in each tenure group, keeping at least one of the mentioned perennials.
Thus, only the existence, but not the extent of trees per plot is considered.
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Table 5: Percentage of plots cultivated with specific trees or perennials, by tenure
status
CSC

Tenureᵃ
CBFM

Non-tenureᵃ

Totalᵃ

Total

Timber trees

97.50 (39)

82.86 (29)

90.67 (68)

93.33 (56)

91.85 (124)

Fruit trees

82.50 (33)

85.71 (30)

84.00 (63)

63.33 (38)

74.81 (101)

Coconuts

95.00 (38)

91.43 (32)

93.33 (70)

83.33 (50)

88.89 (120)

Coffee

55.00 (22)

37.14 (13)

46.67 (35)

10.00 (6)

30.37 (41)

Cacao

40.00 (16)

34.29 (12)

37.33 (28)

28.33 (17)

33.33 (45)

Banana

70.00 (28)

71.43 (25)

70.67 (53)

61.67 (37)ᵇ

66.67 (90)ᵇ

Abaca

45.00 (18)

51.43 (18)

48.00 (36)

31.67 (19)

40.74 (55)

Number of
observations

40

35

75

60

135

Number of plot observations = 135
ᵃ Absolute frequency in brackets.
ᵇ One observation missing
(Source: Own calculations)

Nearly 92 percent of the plots had timber trees. This percentage is highest among CBFM
plots, where on all, except one plot, timber trees are grown. Fruit trees are kept on around
three fourth of all the plots. With 84 percent, this number is higher on plots under an
agreement than on plots without land tenure agreement (63 percent). Coconuts, which are
among the main agricultural crops in Leyte, and count as the main source of agricultural
income in the studied households (see chapter5.1.5.), are found on nearly 90 percent of the
plots. Approximately one third of all the plots has coffee trees. The same share of all the
plots keep cacao plants. Especially for coffee, there is a large difference between tenure and
non-tenure plots. A possible explanation could be that some households in the treatment
barangays have received material support for planting coffee in the past and that the kind of
support received by these households differs from the support received by households in
the control barangays. Banana trees are cultivated on two thirds of the agricultural plots,
and abaca on around 40 percent. The relatively low share of abaca could be explained by
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the fact that abaca was affected by a disease, which killed many plants. Some farmers
reported that they had abaca on their plots before the disease spread out.
For all mentioned tree crops except timber trees, it can be observed that they are kept on a
higher share of plots under an agreement, compared to plots without land tenure
agreement. Although this does not indicate the extent of trees on a plot, it points towards
the pattern of a higher diversity of tree crops on plots under a tenure instrument. A simple
cross tabulation of tenure status and crop diversity is shown in Table 6. Only timber, fruit,
coffee and cacao trees are included in the table, as these are considered being more
environmentally sustainable than coconuts, banana, and abaca (Weidner et al. 2011).
Admittedly, this overview is not very detailed, because data on fruit trees is only available
as a pooled variable, and farmers might keep other perennial crops on their plots, besides
the ones included in the questionnaire. But the included crops are the most frequently
cultivated ones in Leyte and Southern Leyte and thus, the cross tabulation can be
considered a rough approximation to tree crop diversity.
Each one of the 135 plots has at least one of the above mentioned kinds of tree crop. On
about one third of the plots without tenure agreement, only one sort of tree crop is grown.
The percentage of plots decreases, as diversity increases: On one fourth of the non-tenure
plots, three different kinds of trees are cultivated, and on only three percent (two plots) all
four tree crops are included.
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Table 6: Tree crop diversity per plot, by tenure status
Percentage of plots being cultivated with the
respective number of distinct tree cropsᵃ ᵇ
1
2
3
4
Total
Operated under 16.00 (12)
an agreement

30.67 (23)

32.00 (24)

21.33 (16)

100.00 (75)

CBFM

22.86 (8)

31.43 (11)

28.57 (10)

17.14 (6)

100.00 (35)

CSC

10.00 (4)

30.00 (12)

35.00 (14)

25.00 (10)

100.00 (40)

Operated without 36.67 (22)
agreement

35.00 (21)

25.00 (15)

3.33 (2)

100.00 (60)

Total

32.59 (44)

28.89 (39)

13.33 (18)

100.00 (135)

25.19 (34)

Number of plot observations = 135
ᵃ Only timber trees, fruit trees, coffee and cacao included.
ᵇ Total number of plots in brackets.
(Source: Own calculations)
Most of the plots under CBFM or CSC have two or three distinct tree crops. Compared to the
non-tenure areas, on more plots all four kinds of trees are cultivated. Thus, the results of
this cross tabulation point towards a higher tree crop diversity of plots under a tenure
agreement. This aligns with what was stated in a discussion with farmers without formal
land tenure. Farmers said, they would intensify their land use if they had a land tenure
agreement.
A t-test comparing the mean number of distinct tree crops on tenure and non-tenure plots
confirms this hypothesis. The mean number of different trees on plots under CBFM or CSC
is 2.59. For plots not covered by any tenure instrument the mean value is 1.95. The null
hypothesis of equality of means is rejected at the one percent level of significance.

37

5.1.4. Reasons Given by Farmers for Tree Keeping
In the survey, farmers were directly asked for their personal motives for and against tree
keeping. Only respondents with either timber and/or fruit trees on one of their plots were
asked for their motives for tree cultivation. Up to three answers could be given by each
respondent. This resulted in 87 statements, which are presented in Table 7. About one third
of the farmers said that trees are kept as a source of income. One fifth perceives that trees
are good for the soil. Thus, not only economic, but also environmental motives are
considered by the farmers. The reason, that trees are an investment in the future was given
by nearly 18 percent of the respondents. 13 respondents mentioned the tenure agreement,
i.e. either CBFM or CSC, as a reason for tree keeping. Hence, in the perception of the farmers,
the land tenure agreements have only limited impact on their tree keeping decision.
Without having an agreement they would probably either not increase the number of trees
on their plots or rather opt to cut them.
Table 7: Farmers' reasons for keeping timber and/or fruit trees
Reason

Percentᵃ

Source of income

34.84 (54)

Good for the soil

21.29 (33)

Trees are an investment in the future

17.42 (27)

Provide shade for other crops

9.68 (15)

Because of the agreement

7.74(13)

Consumption of fruits or wood

3.23 (5)

Good for biodiversity/ the environment

2.59 (4)

I received support to plant trees

1.94 (3)

Show, that I am cultivating the land

0.65 (1)

Total

100.00 (155)

Number of households=87, multiple answers possible
ᵃ Absolute frequency in brackets.
(Source: Own data)
Similarly, if the respondents had plots without timber and/or fruit trees, they were asked
for their motives for this management decision. The results are shown in Table 8. Nearly
one fourth of the respondents said, that they did not have enough land for keeping trees.
Nearly the same number reported that a lack of seedlings is a reason why they do not
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cultivate trees. The fear, that trees might have a negative effect on yields of other crops was
mentioned by 14 percent of the respondents. Thus, although many farmers are aware of
positive effects of trees on the soil and the provision of shade for other crops, others think
that trees negatively affect yields. Other motives besides the mentioned ones where only
given by very few respondents.
Table 8: Farmers' reasons against keeping timber and/or fruit trees
Reason

Percentᵃ

Not enough land available

23.46 (19)

Lack of seedlings

22.22 (18)

Fear negative effect on crop yields

13.58 (11)

Plot is too far away

9.88 (8)

I prefer the cultivation of other crops

8.64 (7)

Annuals are more profitable

4.94 (4)

Not enough family labor available

3.70 (3)

It takes too long until harvest

3.70 (3)

Wild animals would eat the fruits

2.47 (2)

Too expensive to maintain

1.23 (1)

Soil is not suitable for fruit trees

1.23 (1)

There is a program that does not allow to plant 1.23 (1)
fruit trees
Trees were carried away by a landslide

1.23 (1)

Plot is too steep for fruit trees

1.23 (1)

I am too old

1.23 (1)

Total

100.00 (81)

Number of households=64, multiple answers possible
ᵃ Absolute frequency in brackets.
(Source: Own data)
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5.1.5. Labor Market and Sources of Income
Table 9 shows the employment activities of household members being at least 15 years old.
In the survey, first and second occupations of each household member during the last 12
months were requested. The first column shows the percentage of adult household
members, carrying out the respective activity as their first occupation. In the second row,
the percentage of people carrying out the respective activity as second occupation is
presented. 168 household members have a secondary occupation.
Table 9: Occupations of the survey population
First occupation

Second occupation

Percent

Percent

Self-employed in agriculture

45.86

28.57

Domestic worker

19.31

20.83

Student

12.41

1.79

Daily agricultural labor

7.59

32.14

Self-employed in non-agriculture

3.45

7.14

Salaried worker in non-agriculture

2.76

2.38

Looking for a job

2.76

---

Daily non-agricultural labor

1.03

5.36

Leisure

2.07

---

Government employee

1.38

---

Retired

1.03

---

Military service

0.34

---

Salaried worker in agriculture

---

1.19

Voluntary work

---

0.60

Total

100.00

100.00

Number of observations
(Source: Own calculations)

290

168

Being self-employed on the own farm is by far the most frequent occupation in the survey
population, being carried out by 45 percent of the household members as their first
occupation and by nearly 30 percent as the second occupation. Around one fifth of the
population is engaged in domestic activities in their own household. Daily agricultural labor
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is done by one third of household members as second occupation in order to gain additional
income. Much of the self-employment work in non-agriculture is done by women with a
little store, selling groceries and convenience goods to the village people.
Further employment activities, such as having a salaried occupation in non-agriculture, or
being a government employee, are carried out by only a small share of the population. This
is not surprising, as there are only few employment possibilities in the villages, other than
agriculture.
Table 10 presents the sources of cash income of the survey household. For each source, the
percentage of households earning any cash income is summarized.
Cash income from selling coconuts was earned by 65 percent of the households. Root crops
and abaca are the second most common crops. But selling abaca yields much higher returns
than root crops, with an average price of 36 Philippine Pesos (PhP) per kilo against 7 PhP
for one kilo of root crops10. Furthermore, banana is sold by around 28 percent of the
households. Only two of the households reported to have sold wood in the past 12 months.
Moreover, only nine households earned cash income from selling coffee, cacao, and fruits.
The very small share of households earning income with these sources in the past 12
months contradicts with the main reason for tree keeping given by farmers: generating
income (see Table 7). Possibly, the respondents expect earning income in the near future. In
some cases, trees are not yet old enough to bear fruits or to be harvested and furthermore, a
resource use permit is needed for harvesting and selling timber trees. Of the POs included
in this study, only YISEDA has such a permit. The requirements for application and
successful approval by the DENR are very high, and YISEDA had to be substantially
supported by GIZ in order to meet them11.

10

These are the averages of the selling prices stated by the farm households.

In order to obtain a resource use permit, the PO has to be trained in timber inventory and stock and stand
table data preparation and analysis, survey mapping and blocking with the aid of GPS surveying and GIS
mapping, for instance.
11
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Table 10: Sources of cash income of survey households
Agricultural income

Percentᵃ
93.75 (90)

Coconut

65.62 (63)

Root crops

32.29 (31)

Abaca

31.25 (30)

Banana

28.13 (27)

Livestock

23.96 (23)

Vegetables

9.38 (9)

Coffee

6.25 (6)

Cacao

2.08 (2)

Forest trees

2.08 (2)

Fruits

1.04 (1)

Non-farm income

89.58 (86)

Agricultural wage

48.96 (47)

Remittances

44.79 (43)

Non-agricultural wage

38.54 (37)

Non-agricultural business

18.75 (18)

Government aid

16.67 (16)

Agricultural trade

8.33 (8)

Winnings

2.08 (2)

Number of households = 96
ᵃ Absolute number of households in brackets.
(Source: Own calculations)

Cash income generated outside the own farm was earned by nearly 90 percent of the
households. Thus, 10 households only had agricultural income. Agricultural wage
employment is the most frequent employment activity outside the own farm. Nearly every
second household earned income from this source. Furthermore, remittances are an
important source of cash income. In many families, household members work in the city or
out of the country and send money to their families in the uplands.
The above table only shows the percentage of households involved in each income
generating activity. Figure 2 shows, how much agricultural and non-farm activities,
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respectively, contribute to the total gross income generated by all 96 households together.
The biggest share is earned by non-farm activities and sources. Selling agricultural products
from the own farm, accounts for more than 40 percent of the total gross income. Many of
the crops cultivated by the farm households are used for home consumption and thus, do
not generate any cash inflows.

Non-farm
58%

Farm
42%

Number of households =96
(Source: Own calculations)
Figure 2: Share of farm- and non-farm income on total gross income of all households
Only considering agricultural cash income, Figure 3 represents the share of each crop on
the total gross income of all the households together. Around half of the income is
generated by selling coconuts. A large share of the total gross income was earned by selling
livestock. The sale of bananas and abaca accounts for nine percent and 10 percent
respectively. Income from timber and fruit trees only accounts for a very small share of the
total income. Most of the farmers reported, that they collect wood in order to use it as
cooking fuel.
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Livestock
18%

Trees
0%
Vegetables
4%
Fruitsᵃ
1%
Abaca
10%
Number of households=96
ᵃ Here, fruits include coffee and cacao.
(Source: Own calculations)

Banana
9%

Coconut
52%

Rootcrops
6%

Figure 3: Share of different sources on total gross agricultural income
The composition of the sum of gross non-farm income is represented in Figure 4. Nonagricultural wages account for around one third of the total non-farm income. These
activities include occupations such as being a barangay official, doing community services,
or income earned from transportation services.

Government aid
1%

Agricultural
trade
1% Agricultural
wage
19%

Remittances
31%

Number of households=96
(Source: Own calculations)

Non agricultural
business
14%

Non agricultural
wage
34%

Figure 4: Share of different sources and activities on total gross non-farm income
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Remittances also account for a large share of the total gross non-farm income and
constitute 31 percent of the gross cash income of the past 12 months. Other sources of cash
income include agricultural wage work and income from non-agricultural businesses, such
as having a small store or transportation services.
The above presented results show that although the respondents mentioned income
generation as the main reason for their decision to keep trees, the data gathered about
sources of income of the past 12 months do not support this statement. Only a very small
share of the cash income of the survey households was earned by selling timber products,
fruits, coffee and cacao.

5.2. Results of the PCA
A PCA was carried out in order to find a set of variables that can explain poverty and serve
as a proxy for household wealth in the regression analysis. Furthermore, possible
differences in the wealth level between tenure, and non-tenure households can be assessed
by comparing the poverty scores of the respective groups. The total sample of 104
households is included in this analysis.

5.2.1. The Poverty Index and its Variables
Following the procedure and conditions explained in section 4.6 Estimation of a Poverty
Index with Principal Component Analysis, combinations of indicators that could explain
poverty were tested. The goal was to include variables from different dimensions of poverty
in one index. Selection criteria were component loadings of each variable on the first
component of at least 0.3, a minimum Eigen value of one of the first component, and a KMO
measure of at least 0.6.
After testing a first PCA model, variables were added, removed and interchanged, which led
to a final model that includes nine variables capturing aspects of housing quality, asset
ownership, food consumption and human resources. The inclusion of more or different
variables lowered, or did not fulfill one of the above mentioned performance conditions.
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Thus, the final model includes the indicators summarized in Table 11. It captures the
poverty dimensions of housing quality, asset ownership, food security and human
resources. Each of the dimensions is represented by at least two variables.
Table 11: Set of variables included in the poverty index
Dimension

Variable name

Variable explanation

Housing quality

FLOORING
ROOMS

Flooring material of the main room
Number of rooms of the house

Asset
ownership

PCMOBILE
TV
MOTOR

Mobile phones per household member
Number of televisions owned by the household
Number of motorbikes owned by the household

Food security

DAYSRICE
HUNGER

Number of days, the current stock of rice will last
Household members did not have enough to eat
in the past month (yes/no)

Human
resources

OCCDAILY

Percentage of adults employed as daily
agricultural labor
ADREADWRITE Percentage of adults who can read and write
(Source: Own data)
As shown in Table 12, all variables have a loading of at least 0.3 on the first component.
Each of the variables has a KMO value of at least 0.6 and the final model has a good overall
KMO value of 0.8090. 31.56 percent of the variance is explained by the first component
which has an Eigen value of 2.8402.
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Table 12: Component loadings and KMO values of the variables included in the
poverty index
Variable

Loading on first component

KMO

FLOORING
0.6476
0.7841
ROOMS
0.5960
0.8399
PCMOBILE
0.6085
0.8137
TV
0.7422
0.7954
MOTOR
0.5693
0.8619
DAYSRICE
0.4525
0.7793
HUNGER
0.7824
0.3846
OCCDAILY
0.8537
0.5092
ADREADWRITE
0.4566
0.7727
Principal component analysis used as extraction method
a. Overall KMO: 0.8090
b. Eigen value of the first component: 2.84023
c. Percentage of variance explained by the first component: 31.56
(Source: Own calculations)
Looking at the signs of the variables verifies the validity of the model. FLOORING, ROOMS,
PCMOBILE, TV, MOTOR, DAYSRICE and ADREADWRITE contribute positively to the relative
wealth of a household which aligns with the expected characteristics of relative poverty:
The higher the quality of the flooring material and the more rooms the dwelling has, the
wealthier the household. Ownership of mobile phones, television and a motorbike also
signals relative wealth as poorer households cannot afford buying these assets and in some
cases, do not even have access to electricity at home. Including the number of mobile
phones as a per capita variable resulted in a better performance of the model. This is
reasonable, as mobile phones are assets that are usually owned by one individual person,
whereas television and motorbikes are normally used by all household members together.
Concerning the food security dimension, the number of days, the current stock of rice -the
main staple food- will last, shows that poorer households keep a lower stock of rice for their
own consumption at home. Most households in the study barangays do not own rice fields
and thus, have to purchase or borrow rice for consumption. Regarding education, the
positive sign of the variable representing the percentage of adults within one household,
who can read and write, shows that the wealthier the household, the lower the number of
illiterate adults.
HUNGER and OCCDAILY have negative signs indicating an inverse relation with wealth.
Thus, if a household reported not having had enough to eat in the past month, this
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contributes negatively to the wealth level, which is a straightforward relation. The negative
sign for the percentage of adults within a household working as daily agricultural laborers
shows that this kind of employment is a sign of relative poverty. A reason for that could be,
that due to their basic qualifications, these people do not have alternative options for
earning income.
After revising the final PCA model, the standardized values of the poverty component were
saved as a variable called POVINDEX. Standardization is done in order to unify the units of
the indicators (Henry et al. 2003). Figure 5 shows the distribution of the poverty index with
poverty scores ranging from -2.425 to 2.998. Around 70 percent of the households fall
within a range between -1.0 and +1.0. The number of poorest households (poverty index
scores less than -1.0.) and least poor households (scores above +1.0) are 17 and 15,
respectively.

(Source: Own calculations)
Figure 5: Histogram of the standardized poverty index score
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5.2.2. Comparing the Poverty Index of Tenure and Non-Tenure Households
Comparing the poverty index scores of households who have a tenure agreement to those of
households who do not have any tenure agreement shows that there is a significant
difference between these two groups. Figure 6 shows that households with at least one plot
under a tenure agreement are always better off than the non-tenure group. The poorest
household without formal land tenure has a poverty score of -2.425, whereas the poorest
household with tenure agreement has a score of -1.645. Among the wealthier households,
the largest value of the control group is 1.187. Nine households with a tenure agreement
reach a higher score, the highest value being close to 3.0.
A t-test comparing the means of the two groups is significant at a confidence level of 99
percent. Non-tenure households reach a mean value of -0.4078, the mean for the tenure
group is 0.2875.

(Source: Own calculations)
Figure 6: Sample cumulative frequency of the poverty index by tenure status
These results suggest that households possessing a tenure agreement are wealthier than
households without a land tenure agreement. The possibility of wealthier households
choosing to obtain a tenure agreement rather than poorer households is only possible for
CSCs, which were issued after application of the respective households. The CBFM program
does not lead to self selection of the farmers, because the area is determined by the DENR.
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Comparing the results of the poverty index to the total net income generated by each
household in the past 12 months before the survey confirms these results. A t-test of means
of the total sample shows that the income of households with at least one plot under a
tenure instrument was significantly higher than the mean income of households without
any tenure agreement at a level of significance of five percent.

5.3. The Plot-Level Model: Determinants and Constraints to Tree
Keeping
Results from the log-linear model are presented in Table 13. The coefficients of the
variables show the effects of these variables on
the effect of the regression variables on

. As we are interested in assessing

, the method of exact calculation was applied

(Hill et al. 2008). The values are obtained by inserting the estimated coefficients of the
variables into the following equation:
, where

is the parameter of variable i.

Furthermore, the general

was calculated with the formula

.

First, the model with the logarithm of the number of trees on a plot as the dependent
variable will be considered. The general goodness-of-fit measure

of 0.4200 is

relatively high for cross sectional data.
The results of the model show that plot-level characteristics are important in explaining the
extent of tree keeping on a plot. Distance from the homestead, plot size, years since the
household got first access to the plot, and possession of a tenure instrument are all
significantly different from zero at a level of significance of at least 10 percent.
The walking distance of a plot to the homestead positively influences the number of trees
on the respective plot. It is significantly different from zero at the 10 percent level. Each
walking hour, the plot is farther away from the house increases the number of trees by
around 45 percent on average, everything else held constant. This would confirm the above
mentioned hypothesis, that trees are kept rather on far-away plots. But the 95 percent
confidence interval is very large and reaches from -2 to 114 percent.
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Table 13: Results of the plot-level models
Number of trees
Coefficient

S.d. ᵃ

Distance

0.3707*

0.1973

Steepness (dummy)

0.2280

Plot size
Years plot

(exp( )-1)

Share of trees per ha
Coefficient

S.d. ᵃ

(exp( )-1)

0.4487

0.3436

0.2095

0.4100

0.2398

0.2561

0.2472

0.2507

0.2804

0.3166**

0.1424

0.3725

-0.1743

0.1466

-0.1600

0.0386***

0.0107

0.0394

0.0387***

0.0103

0.0395

Agreement (dummy) 1.0519***

0.2906

1.8630

1.1253***

0.3009

2.0811

Plot characteristics

Household characteristics
Extension

0.2266**

0.0947

0.2543

0.1817*

0.0976

0.1993

Support (dummy)

0.8504***

0.2602

1.3406

0.7897***

0.2683

1.2027

Land owned

0.0447

0.0733

0.0457

0.0571

0.0759

0.0588

Actives per ha

-0.0587

0.0542

-0.0570

0.0572

0.0588

0.0589

Age

-0.0437***

0.0134

-0.0428

-0.0409***

0.0133

-0.0401

Education

-0.0451

0.0406

-0.0441

-0.0464

0.0414

-0.0453

Wealth

-0.0990

0.1456

-0.0943

-0.0703

0.1533

-0.0679

Constant

3.9146***

0.8840

49.1290

4.3191***

0.9474

74.1210

Number of plot
observations
Number of HH

135

135

96

96

F(12,122)

10.31***

4.86***

R²

0.4388

0.3051

General R²

0.4200

0.1648

ᵃ Robust standard deviations
* significant at 10 percent level of error probability
** significant at 5 percent level of error probability
*** significant at 1 percent level of error probability
(Source: Own calculations)
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Steepness does not have a statistically significant influence on the number of trees on a plot.
This might be due to the fact that the extent of soil degradation does not seem to differ
much between the different slope categories. The respondents reported having problems
with soil degradation on only 27 of the 135 plots that were included in the regression
analysis. Of these 27 reported plots, 13 are steep (> 30°), and 14 are considered not to be
steep.
But as expected, the plot size positively influences the number of trees on a plot. The model
predicts that if the size of the plot increases by one ha, ceteris paribus, the number of trees
increases by nearly 40 percent. Furthermore, each additional year, since the household
gained access to the plot, increases the extent of trees between two and six percentage
points (95 percent confidence interval), everything else being equal. This aligns with the
hypothesis that farmers evolve a sense of affiliation to the given plot and hence, keep more
trees.
The outcomes of the regression confirm the main hypothesis, that having a tenure
instrument increases the extent of tree keeping on the respective plot. The number of trees
on a plot under a tenure instrument is more than 180 percent higher than on plots without
an agreement, everything else being equal. The 95 percent confidence interval reaches from
61 to 400 percent. Running the regression separately for CSC and CBFM (see Annex I)
indicates that the positive influence of CBFM on the number of trees is nearly twice as high
as the influence of holding a CSC, compared to not having any tenure instrument at all. Thus,
only looking at the number of trees, the assumption that having an individual tenure
agreement influences sustainable land use more than having a community-based tenure
agreement does not hold. A possible explanation is that for plots inside the CBFM area, the
pressure on the farmers to keep trees is higher. CSC holders can more independently decide
how to cultivate their plots.
Regarding household-level variables, the perceived access to extension services, the
reception of material support to plant and/or cultivate trees, and the age of the household
head have a significant influence on the outcome variable.
Households, who had received material support, keep between 40 and 300 percent (95
percent confidence interval) more trees on their plots than households who had not
received support in the past 24 months, everything else being equal. This result is not
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surprising, because often, seeds and seedlings are provided for free, and thus, farmers take
the opportunity to plant trees. Comparing these results of support and extension to the
insignificant effect of education could implicate that knowledge acquisition and awareness
raising through extension services, as well as material support, matter more than formal
education. Predo (2003) also finds a negative effect of education on economic objectives of
tree growing. He believes that households with a higher education have relatively more
options to earn income, besides tree growing.
The effect of age of the household head on the number of trees on a plot is significantly
different from zero and found to be negative. One additional year of age of the household
head decreases the estimated number of trees by four percent. This negative relation was
not expected, but a possible explanation is that older farmers rather choose to cultivate
annuals for home consumption and do not further increase the number of trees on their
plots because they do not perceive a personal benefit in the future from tree planting. The
results of Hagos & Holden (2006), studying the level of investment in soil bunds, also
indicate a negative correlation of age and investment intensity.
The overall land owned by the household, the number of actives per ha of cultivated land,
education level and wealth do not significantly influence the number of trees on an
agricultural plot.
The insignificant impact of the number of actives per ha on the extent of tree keeping could
be explained by the fact, that (especially timber) trees do not require a lot of labor input as
long as they are not harvested, and thus, the number of available family labor does not
matter much.
Similarly, the wealth level does not have a significant influence on the outcome variable.
Interchanging the poverty index as the proxy for wealth by the households’ income of the
last year, or per capita expenditures for clothing and footwear, did not affect the lack of
significance of the wealth variable. This could indicate that no big cash outlays are needed
for investments in trees. Often, seeds and seedlings are provided by the government or
development organizations, which is captured by the support variable.
Overall, the results of the model indicate that the number of trees on a plot is positively
influenced by plot characteristics, such as distance from the farmstead, plot size, years of
ownership of the plot, and being under a tenure agreement. On the household level, the
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reception of support and the perceived access to extension services positively influence the
extent of trees on a plot. The age of the household head is negatively correlated to the
outcome variable.
The second version of the model estimates the logarithm of the number of trees per ha of a
plot. The

is much lower compared to the first model.

The effect of distance is similar to the first model, but with a p-value of 0.104 for the t-test
the level of significance is slightly above 10 percent. The plot size is not significantly
different from zero, indicating that the share of trees per ha remains constant,
irrespectively of the size of the plot. This is in line with the results of the first model, which
indicates that the number of trees is higher for larger plots.
Similarly to the first model, the share of trees per ha is expected to be around 200 percent,
or three times higher on plots under a tenure agreement compared to plots without any
agreement, everything else being constant.
Levels of significance and magnitude of the coefficients of the explanatory variables of the
second regression model do not deviate much from the results of the first model.

5.4. The Practice of Kaingin in the Study Area
Although many studies indicate that the impact of the practice of kaingin on deforestation is
marginal (Kummer 1992), some authors still see slash and burn agriculture as a main driver
of forest destruction in the Philippines (Carandang 2005).
However, this belief is not supported by the results of this study. None of the respondents
had practiced slash and burn agriculture during the past five years. This is consistent with
findings of the focus group discussions. Farmers reported that people stopped practicing
kaingin after the ISFP was implemented. Seminars were given by government officials
where they learnt how to use their land sustainably. Thus, after implementation of the ISFP
at the beginning of the 1980’s, and thereby the issuance of the first CSCs, less and less
farmers practiced kaingin. The participants of the focus group discussion in barangay Lunas
reported that in mountain areas far from the barangay, kaingin was practiced until the
CBFM program was implemented in 1995.
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Besides the impact of increasing the knowledge of farmers, the DENR also increased
controls and punished farmers who did slash and burn agriculture. According to
information of the two CENRO officials, some of the so called kaingeros. i.e. people
practicing slash and burn agriculture, even had to go to jail.
Furthermore, some farmers without formal land tenure in PO YISEDA said that all the land
already belongs to someone. Thus, there are no possibilities to get access to new areas by
converting forests into agricultural land.
Hence, forest decline as a result of farmers practicing kaingin is currently not a major
problem in the study barangays. The hypothesis, that having a tenure instrument prevents
farmers from practicing kaingin cannot be confirmed, because neither farmers with a
tenure agreement nor farm households without formal land tenure are applying these
practices anymore. It is, however, possible that slash and burn agriculture is still practiced
by farmers living farther inside forest areas, which were not included in this study.

5.5. Problems in Land Administration Processes at the PolicyLevel
5.5.1. Unclear Delineation between Forest Land and A&D land
In the revised forestry code of 1975 (PD 705, Section 17), the clear marking of the FL
boundaries on the ground is stated. This could be roads, concrete monuments within a
distance of less than 500 m, or any other visible signs. But until today, the boundaries
between FL and A&D land are not clearly marked. This leads to problems at the policy level,
on the one hand, and at the household level, on the other hand.
Regarding the policy level, there are conflicts about responsibilities between the DENR and
the DAR. At the CENRO Maasin it was reported about a case in barangay Maningning
(eastern part of the municipality of Malitbog), where the DAR issued CLOAs for plots up to
200 m inside the FL area. Currently, there is a process going on of discussing the delineation
of land classification and responsibilities between the two departments. (E. Alcarde 2012,
pers. comm., 25 May)
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A similar incident has recently happened in the jurisdiction of the CENRO Baybay. The
CENRO officials wanted to establish a new CBFM area. When they went to the field they
noticed that the area was already covered by titles issued by the DAR. The solution of this
conflict is currently going on. (F. Polenio 2012, pers. comm., 12 June)
At the household level, disputes between the departments could influence the perceived
tenure security of people having plots in these areas of conflict. In some cases, households
might have been issued a private title for their land by the DAR which they had to give back
as the land was officially declared as FL. A straightforward assumption is that this has
serious implications on the perception of tenure security not only of the affected people, but
also of other households in the area, who heard of such cases. But in the studied barangays,
the respondents did not report having heard about such cases of conflict between the
departments.
A clear delineation on the ground of the two land categories as stated in PD 705, would help
to solve these problems. Cases of conflicts between DENR and DAR could be reduced and
responsibilities would be clearly distributed. According to an interview with the Regional
Technical Director of the DENR in region VIII, Manolito D. Ragub, the process of a clear
delineation on the ground is in progress. An Act of Congress is currently in process, but in
order to make the boundaries official a Republic Act would be needed.

5.5.2. Issuance of New CSCs
One issue that emerged during the conduction of the research was the issuance of new CSCs
and the extension of existing certificates.
According to DAO-2004-29, which contains the rules and regulations for the
implementation of the CBFM strategy, individual PO members have the chance to make
individual claims over a part of the area covered by the CBFMA. But in the studied POs no
CSCs have been issued since the introduction of CBFM in the mid 1990’s.
According to the Regional Technical Director of Region VIII, the issuance of new CSCs has
stopped because it is much easier to deal with communities, rather than with individual
farmers (M. Ragub 2012, pers. comm., 23 April). All experts confirmed that there is a lack of
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personnel at the DENR and at the CENROs. Thus, it is unlikely that any new CSCs will be
issued in the future.
Furthermore, the renewal of existing CSCs seems to be uncertain. Actually, the CSCs are
valid for a period of 25 years with the possibility of extension for another 25 years. As the
first CSCs were issued in the survey barangays at the end of the 1980’s, they are already
expiring. But in the jurisdictions of the two CENRO offices, no certificate has been renewed
so far. According to E. Alcarde (2012, pers. comm., 25 May), the CENRO Maasin is waiting
for the Regional Office to organize the evaluation of the CSC plots. The plots have to be
visited by a government official who has to confirm that they are cultivated according to the
contract. For instance, a renewal is not possible for those CSCs that were sold or leased out.
F. Polenio (2012, pers. comm., 12 June) said that CSCs will only be renewed if they are
inside the CBFM area. The Regional Technical Director of the Regional Office of Region VIII
just confirmed that the process of renewing the CSCs is in progress.
Overall, no concrete statement about the renewal of the CSCs was given by the government
officials. In the focus group discussion in the PO YISEDA, farmers expressed their concern
that their CSCs will not be renewed.

5.6. Perception of Land Tenure Security of the Farmers
In order to assess the perception of land tenure security, the respondents of the household
survey were asked whether they had heard of cases of evictions during the last 10 years.
Furthermore, the perception of tenure security for the coming five years should be assessed
by the farmers on a scale from one (= very insecure) to four (= very secure).
14 respondents out of the total sample of 104 households reported to having heard about
cases of conflicts over land in the past 10 years. These cases occurred in six out of the seven
barangays12 included in the study. Thus, no clear pattern could be observed.
The 14 reported cases seem to be distinct ones. Seven of the conflicts happened inside FL,
six on A&D land and one respondent did not know the classification of the respective land.

12

Only in barangay San Vicente, no respondent had heard of any case.
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In most cases the conflicts were between tenants and owners of the land. For example in
barangay Gabas a CSC holder had a tenant, but wanted the land back for own use. The
tenant did not want to stop cultivating the plot. Finally they agreed that the owner pays the
tenant for all the plants he had on the land. In another case that had happened in barangay
Lunas, the original owner sold the plot which was cultivated by a tenant. The new owner
did not want to have tenants, but finally the two parties agreed that the new landlord
receives all the cash income from coconut production. Hence, the tenant could keep on
cultivation of the plot.
Another type of conflict occurs when families leave their land for a certain period of time. In
the survey, only one respondent reported of such a case. In barangay Gabas a family left for
one year. When they came back, another family had taken over their FL plot. During the
focus group discussions, this kind of conflict was the one the farmers mostly worried about.
They said that other people always should see that they are cultivating their land because
otherwise, someone could take it over. Regarding this situation, farmers said that they
prefer the CSC agreement over CBFM because with the CSC certificate, they could always
proof with a document that they are the original owners of the plot.
Despite these reported cases, the respondents of the survey overall felt very secure that
they would not be evicted from their land in the next five years. Only eight households
reported of nine plots that they felt very, or moderately insecure. For three thirds of the
plots, the farmers said that they feel very secure, that they won’t be evicted in the next five
years.
Table 14 shows reasons given by the survey respondents for a feeling of moderate or high
tenure security over a plot. For half of the plots, the fact that the household is cultivating the
land provides the perception of tenure security. A second group of reasons includes aspects
of time. For one third of the plots, the farmers said that they have the plot for a long time
already, or that they inherited the land from their parents. This makes them feel secure that
they can keep it in the future. Being under a tenure agreement gives a feeling of security for
10 percent of the plots. Related to this answer, some farmers said that they are paying
taxes, which makes them feel secure of having access to their plot in the future. This matter
will be further discussed in chapter 5.7.
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Table 14: Reasons for a feeling of tenure security
Reason

Frequency

Percent

I am cultivating the land

77

52.03

I have the plot since a long time already

26

17.57

I inherited the plot from my parents

19

12.84

I have a tenure agreement (CBFM or CSC)

14

9.46

I have a tax declaration

8

5.41

Others

4

2.72

Number of plot observations

148

100.00

(Source: Own calculations)
For 34 plots, reasons for a feeling of insecurity were given (see Table 15). These reasons
were given by farmers who did not feel very secure about their land tenure for the next five
years. Mostly mentioned was that the government is the official owner of the land (41
percent). Around 15 percent said, that they do not have any document to prove ownership
of their plot. Others were insecure, because the plot was not under individual ownership,
but jointly owned by different family members. Hence, other family members could claim
ownership of the plot. Some old farmers were uncertain about what would happen to their
land if their children will not continue cultivation of the plot in the future.
Table 15: Reasons for a feeling of tenure insecurity
Reason

Frequency

Percent

The government owns the land

14

41.18

I do not have a document to proof ownership

5

14.71

No individual ownership

5

14.71

Unsure if plot will be cultivated in the future

5

14.71

I do not have a tenure agreement

2

5.88

Others

3

8.82

Number of plot observations

34

100.00

(Source: Own calculations)
Regarding the perception of tenure security, there are no significant differences between
treatment and control group. Table 16 shows that the average perception of tenure security
is overall very high. As expected, a t-test of means does not show significant differences
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between the level of security between tenure and non-tenure plots. The hypothesis, that
formal land tenure leads to more tenure security cannot be confirmed with the available
data.
Table 16: Perception of tenure security for plots under different tenure
arrangements
Meanᵃ

S.d.

Frequencyᵇ

3.635

0.738

85

CBFM

3.667

0.650

42

CSC

3.605

0.821

43

Operated without agreement

3.722

0.510

72

Total

3.675

0.643

157

Operated under an agreement

ᵃPerception of tenure security on a scale from one to four [one = very insecure, four =
very secure]
ᵇThis table includes the whole sample of 157 plots
(Source: Own calculations)
Regarding the above mentioned uncertainties of farmers about losing access to their land in
case they would leave for a certain time period, it might have been better to reformulate the
question. A better question, leading to more diverse responses might have been “Imagine
you would leave your plot for five years, would you feel secure to get it back after this
time?”.

5.7. Lack of Knowledge of the Farmers about Tenure Rights
In the course of conducting the survey it became clear that some of the farmers are not well
informed about their tenure rights. This becomes especially apparent in the case of tax
declarations.
In many cases farmers said that they have a tax declaration, when they were asked for a
tenure agreement. The reception of a document which proves that they paid property taxes
gives them a feeling of tenure security. Submitting tax declarations is done for all kinds of
plots, i.e. for those without tenure agreement as well as for plots under CBFM or CSC.
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Until 1975, when PD 705 – the Revised Forestry Code- came into effect, tax declarations
were considered legal (F. Polenio 2012, pers. comm., 12 June). But all three interviewed
government officials confirmed that today this is an illegal practice, which gives a false
feeling of security to the farmers (see Table 14). Actually, the local government units, which
receive the payments should not accept it. But for them, it is a source of revenue generation,
so many local governments keep on receiving the payments.
In many cases, the tax payments are not done in regular intervals. Sometimes, taxes are
paid for several subsequent years in one single payment. In other cases, if not enough cash
income is available, the payment is abandoned for a certain time. Some farmers reported to
even pay penalties if they do not pay the taxes each year. In general, the tax declaration
practice does not follow any regularity.
But although this practice does not proof legal ownership, it increases the feeling of security
of many farm households because in case of conflict with other people, they can show their
tax declaration.
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6. Discussion
6.1. Conclusion and Policy Recommendations
This study assessed the influence of land tenure on the sustainability of agricultural
practices in the uplands of the island of Leyte, the Philippines. The research focused on two
main aspects: Firstly, the evaluation of determinants and constraints to the extent of tree
keeping, which was assessed by running a regression analysis. Secondly, problems in land
administration processes were examined based on interviews with government officials
and discussions with upland farmers.
The results of the regression analysis suggest that having a tenure agreement for a plot
significantly increases the number of trees on the land, compared to plots without any
formal agreement. On average, ceteris paribus, the number of trees nearly triples, if a plot is
under CBFM or CSC. Comparing the two kinds of tenure instruments, the CBFM has an even
higher impact on tree keeping than individual land tenure under the CSC. Furthermore,
comparing tree crop diversity on tenure and non-tenure plots leads to the conclusion that a
higher number of distinct trees and perennials is kept on plots under a land tenure
instrument. Other important determinants of the extent of tree keeping are the provision of
material support to the households and the perceived access to extension services.
These results point towards the importance of continuing the issuance of tenure
instruments to the upland population in order to encourage environmentally sustainable
land management practices. Moreover, the provision of material support to the farm
households should be continued by GIZ and other development organizations. If possible,
households that have not received any material support yet could be targeted in order to
further increase the planting of trees on marginal upland plots. Furthermore, if more
support is provided, farmers’ positive perception of access to extension services will
increase. Thus, the DENR and its partner development organizations should continue their
work, which has already helped increasing the environmental awareness of many upland
farmers.
The practice of kaingin did not prove to be a current problem in the studied barangays. Due
to increased controls by the DENR, punishment, and awareness creation, farmers stopped
practicing slash and burn agriculture years ago already. However, the barangays included in
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this study are all accessible with a car and targeted by extension work of the government or
development organizations. Possibly, squatters living deeper inside the forests are still
carrying out these farming practices today. Further research could be done to assess this
assumption.
Results of the PCA show that households under a tenure agreement have a higher wealth
level compared to non-tenure households. Nevertheless, the estimated poverty index was
not significant in explaining the extent of trees on a plot in the regression analysis. The
mean total income of households with a tenure instrument is also significantly higher for
tenure, compared to non-tenure households.
Despite the before mentioned differences in wealth and total income, the share of selling
timber and fruit tree products did not capture a large share of the total gross income
generated by all the regression households in the 12 months prior to the survey. Although
farmers mentioned income generation as the main motive for tree keeping, only 11 out of
the 96 households included in the regression analysis reported having earned income from
selling timber, fruits, coffee and cacao. The high requirements for obtaining a resource use
permit, which is necessary for commercially selling timber products, might be an obstacle
for many upland communities. Thus, assisting communities in meeting the necessary
requirements could help increasing income generation of the forest residents.
Besides agricultural income, income earned with activities outside the own farm count for a
large part of the total gross income of all households. The relationship between
participation in the CBFM project and economic benefits for the households could be
further investigated in future studies.
Regarding land administration processes at the policy level leads to the conclusion that
many problems have been known for years, but not much has been done to change them
until today.
Although the CBFM project seems to lead to environmental benefits and improved
livelihoods in the study region, the extension of the scope of the program is limited. A lack
of staff and funds at the DENR at the regional and especially at the community level does
not allow the issuance of CBFMAs to more upland POs. By now, of the total FL area of 15.85
million ha only around 1.8 million ha are covered by the CBFM project. Increasing the
number of government officials at the local level would help to better assist the upland
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communities in complying with the necessary standards for receiving and managing the
CBFMA. Therefore, more funds for the CBFM project should be provided by the national
government.
Another possibility is the devolution of natural resource management, including FL
management, from the DENR to local governments in the form of CMAs. After developing a
forest land use plan, the local governments could issue individual tenure rights to forest
residents. This could lead to a reduction of transaction costs for the DENR and increase the
issuance of tenure agreements to upland dwellers. However, an assessment of CMAs was
not included in this study.
Furthermore, the future of the CSCs is questionable. Although many certificates are expiring
in the near future, no decisive steps have yet been taken by the DENR officials. Clear
guidelines on how to proceed are necessary. This would also help the farmers, who
currently do not know whether their certificates will be renewed or not.
The same holds for the tax declarations some farmers are currently paying. It gives them a
feeling of tenure security, but actually, no legal right to their land. It would be necessary to
better inform the upland farmers about their rights, and to prevent the local government
units to receive the tax payments.
Another problem at the policy level is the unclear delineation on the ground between FL
and A&D land. Thus, people and government officials cannot easily see where the
boundaries between the two land categories are, and in some cases, this leads to conflicts
between the DENR and the DAR. A clearly defined boundary would be necessary in order to
assign unambiguous responsibilities. This process has been going on for years already, and
should finally be completed in the near future. Further research could be done about the
perception of tenure security in areas of unclear responsibilities between the departments.
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6.2. Limitations of the Study
In the survey, farmers were asked to estimate the number of trees on each of their plots.
Due to time, labor, and financial constraints it would have been impossible to visit each plot
in order to assess these figures and the plot characteristics accurately. Understandably,
some farmers had difficulties in estimating these numbers, especially when they had many
trees on their land. In many cases native timber trees grow naturally and the estimation of
these numbers is only a rough approximation. Possibly, the extent of trees on a plot was
often under- or overestimated, which can be seen at the large range of values of trees per
plot. Other plot characteristics, such as soil quality or soil degradation could also be only
assessed subjectively because of the before mentioned constraints.
Unfortunately, the assessment of the perception of tenure security did not show significant
results and overall, land tenure was perceived as being very secure. Taking another
approach to measuring the perceptions of the respondents, or a reformulation of the
question might have proven better. Overall it was perceived that the farmers assessed their
situation very positively. Besides the positive results of the question about perceived tenure
security, farmers also did not seem to be very concerned about soil degradation and the
quality of their soils, for instance.
Furthermore, different answers to the question of tenure security might have emerged by
choosing other survey areas. Going to areas where DENR and DAR have conflicts about
tasks and responsibilities could have led to more diverse perceptions of tenure security.
The same holds for kaingin, which is not practiced by the farmers in the survey areas
anymore, but might still be done by squatters inside the FL. To capture all these different
aspects, a more comprehensive survey would have been necessary.
Regarding the interviews about problems of delineation and overlapping responsibilities of
departments, only representatives of the DENR, responsible for FL have been interviewed.
Interviewing DAR personnel could have provided other aspects of the cases.
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Annex
Annex A: Map of the Study Area

Note: Barangays belonging to the treatment group are marked with a red flag. Barangays of
the control group are marked with a yellow flag.
(Sources: Map of the Philippines : Wikipedia 2003; Map of Leyte: Based on Google maps
2012)
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Annex B: Dates and Participants of the Expert Interviews
Name

Position

Organisation

Date of Interview

Emmanuel T. Salvosa

Senior Adviser,
Community-based
Forest Management
(CBFM) Component

GIZ, Candahug Palo

28 March 2012
and 7 June 2012

Eduardo O. Mangaoang, Professor
Ph.D.

College of Forestry
and Natural
Resources, VSU,
Baybay

3 April 2012

Teofanes A. Patindol,
Ph.D.

Director

College of Forestry
and Natural
Resources, VSU,
Baybay

18 April 2012

Manolito D. Ragub

Regional Technical
Director

DENR – Region VIII,
Tacloban

23 April 2012

Edilberto R. Alcarde

Forest Services Chief

CENRO Maasin

25 April 2012
and 24 May 2012

Fernando Polenio

Community
Development Officer

CENRO Baybay

12 June 2012
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Annex C: Household Questionnaire

72

73

74

75

76

77

78

79

80

81

Annex D: Slope Sketch Used for the Interviews

(Source: Weidner et al. 2011)
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Annex E: PO President Questionnaire

83

84

Annex F: Dates and Participants of the Focus Group Discussions
PO

Date of FGD

KUFA

08 June 2012

AMPCO

YISEDA

11 June 2012

11 June 2012

Participants

Tenure Status

1.

Ablanque, Bernarbe

CBFM

2.

Hisuan, Alma

CBFM

3.

Matundo, Mario

CSC

4.

Pacate, Aida

CBFM

5.

Pacate, Joy

CBFM

6.

Salada, Marisel

CSC

7.

Trilles, Marites

CBFM

8.

Ubos, Antonio

CBFM

1.

Adobas, Sirviano

CSC

2.

Batingal, Faustino

CSC

3.

Eway, Ernesto

CSC

4.

Eway, Rodrigo

CSC

5.

Garong, Antonio

CSC

6.

Narte, Lourdes

CSC

1.

Galo, Elena

CSC and CBFM

2.

Gamayon, Alpidio

CSC and CBFM

3.

Magat, Anesia

CSC and CBFM

4.

More, Celsa

CBFM

5.

Morsin, Carmelita

CSC and CBFM

6.

Saludo, Bernarda

CSC and CBFM

7.

Saludo, Pablito

CSC and CBFM

8.

Vanzuela, Expedito

CSC and CBFM
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Annex G: Tests of the Regression Model

Regression output: Logarithm of number of trees on a plot as dependent variable.
. reg LOGALLTREESNUMNEW DISTANCEHR STEEP YEARSPLOT HA LANDOWN d_AGREEMENT EXTENSION d_SUPP
> TREES ACTHA MAXEDUC AGEHHH POVINDEX
Source

SS

df

MS

Model
Residual

165.842444
212.101051

12
122

13.8202037
1.7385332

Total

377.943495

134

2.82047385

LOGALLT~MNEW

Coef.

DISTANCEHR
STEEP
YEARSPLOT
HA
LANDOWN
d_AGREEMENT
EXTENSION
d_SUPPTREES
ACTHA
MAXEDUC
AGEHHH
POVINDEX
_cons

.3706704
.2279689
.0386191
.316634
.0446652
1.051879
.2265904
.85044
-.0587305
-.0451322
-.0437285
-.0990191
3.914571

Std. Err.

Number of obs
F( 12,
122)
Prob > F
R-squared
Adj R-squared
Root MSE

t

.1826946
.25735
.0113231
.1235349
.0720422
.2989806
.0971192
.2444656
.0668528
.0421845
.012754
.1439296
.8646819

P>|t|

2.03
0.89
3.41
2.56
0.62
3.52
2.33
3.48
-0.88
-1.07
-3.43
-0.69
4.53

0.045
0.377
0.001
0.012
0.536
0.001
0.021
0.001
0.381
0.287
0.001
0.493
0.000

=
=
=
=
=
=

135
7.95
0.0000
0.4388
0.3836
1.3185

[95% Conf. Interval]
.0090083
-.2814812
.0162039
.0720844
-.0979496
.4600173
.0343332
.3664958
-.1910724
-.1286405
-.0689763
-.3839422
2.202847

.7323325
.7374189
.0610342
.5611836
.1872799
1.643741
.4188477
1.334384
.0736114
.0383762
-.0184807
.1859041
5.626295

Normal distribution of residuals

.2
.1
0

Density

.3

.4

Kernel density estimate

-3

-2

-1
0
Studentized residuals

1

2

Kernel density estimate
Normal density
kernel = epanechnikov, bandwidth = 0.3022
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Shapiro-Wilk W test for normal data
Variable

Obs

W

V

z

r

135

0.98635

1.452

0.841

Prob>z
0.20022

 p-value =0.20>0.05, thus, we cannot reject the null hypothesis that the residuals are
normally distributed.

Homogeneity of residuals
. estat hettest
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity
Ho: Constant variance
Variables: fitted values of LOGALLTREESNUMNEW
chi2(1)
Prob > chi2

=
=

0.99
0.3200

.
. imtest, white
White's test for Ho: homoskedasticity
against Ha: unrestricted heteroskedasticity
chi2(87)
Prob > chi2

=
=

108.70
0.0576

Cameron & Trivedi's decomposition of IM-test

Source

chi2

df

p

Heteroskedasticity
Skewness
Kurtosis

108.70
14.75
0.44

87
12
1

0.0576
0.2555
0.5060

Total

123.89

100

0.0529

 For both tests: p-values > 0.05, thus we cannot reject the null hypothesis that the
residuals are homoskedastic at five percent level of significance.
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Multicollinearity
. vif
Variable

VIF

1/VIF

LANDOWN
AGEHHH
YEARSPLOT
HA
POVINDEX
d_AGREEMENT
MAXEDUC
ACTHA
EXTENSION
DISTANCEHR
STEEP
d_SUPPTREES

2.20
2.19
1.96
1.90
1.78
1.71
1.59
1.53
1.41
1.31
1.27
1.13

0.455060
0.456078
0.509367
0.526995
0.561787
0.583470
0.627169
0.655578
0.709853
0.762565
0.785067
0.887699

. reg LOGALLTREESNUMNEW DISTANCEHR STEEP YEARSPLOT HA LANDOWN d_AGREEMENT EXTENSION d_SUPPTREES
Mean VIF
1.67
> ACTHA MAXEDUC AGEHHH POVINDEX yhat2
Source

SS

df

MS

Number of obs =

135

 No variable has a VIF>10. Thus, we are not concerned
about
multicollinearity.
F( 13,
121) =
7.30
Model
Residual

166.087068
211.856428

13
121

12.7759283
1.75087957

Model Total
Specification
377.943495

134

2.82047385

RESET
tests
LOGALLT~MNEW

Coef.

Std. Err.

t

Prob > F
R-squared
Adj R-squared
Root MSE

P>|t|

=
=
=
=

0.0000
0.4394
0.3792
1.3232

[95% Conf. Interval]

DISTANCEHR
.4589694
.29903
1.53
0.127
-.1330393
1.050978
. quietly reg LOGALLTREESNUMNEW DISTANCEHR STEEP YEARSPLOT HA LANDOWN d_AGREEMENT EXTENSION d_S
STEEP
.2883836
.3046698
0.95
0.346
-.3147906
.8915579
> UPPTREES ACTHA MAXEDUC AGEHHH POVINDEX
YEARSPLOT
.0486963
.0292568
1.66
0.099
-.0092253
.1066179
.2866133
1.44
0.152
-.1542014
.9806516
. predictHAyhat .4132251
LANDOWN
.0566335
.0790707
0.475
-.0999079
.2131748
(option
xb assumed;
fitted
values) 0.72
d_AGREEMENT
1.32049
.7787481
1.70
0.093
-.2212467
2.862228
EXTENSION
.28326
.1802355
1.57
0.119
-.0735638
.6400837
.d_SUPPTREES
gen yhat2=yhat^2
1.062422
.6179142
1.72
0.088
-.1609021
2.285746
ACTHA
-.0714535
.0752306
-0.95
0.344
-.2203922
.0774853
. genMAXEDUC
yhat3=yhat^3
-.0569214
.0527917
-1.08
0.283
-.1614365
.0475936
AGEHHH
-.0550817
.0329603
-1.67
0.097
-.1203353
.010172
POVINDEX
-.1254698
.1608431
-0.78
0.437
-.4439012
.1929616
. quietly
STEEP
yhat2reg LOGALLTREESNUMNEW
-.0272521
.0729087DISTANCEHR
-0.37
0.709 YEARSPLOT
-.1715942HA LANDOWN
.1170899d_AGREEMENT EXTENSION d_S
> UPPTREES
ACTHA
MAXEDUC
AGEHHH
POVINDEX
yhat2
_cons
4.338228
1.42746
3.04
0.003
1.512194
7.164261

. test yhat2
( 1)

yhat2 = 0
F(



1,
121) =
Prob > F =

0.14
0.7092

RESET (1) Test: p-value=0.7092 > 0.10, thus, do not reject H0 that model has no
omitted variables.
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. quietly reg LOGALLTREESNUMNEW DISTANCEHR STEEP YEARSPLOT HA LANDOWN d_AGREEMENT EXTENSION d_S
> UPPTREES ACTHA MAXEDUC AGEHHH POVINDEX yhat2 yhat3

. test yhat2 yhat3
( 1)
( 2)

yhat2 = 0
yhat3 = 0
F(



2,
120) =
Prob > F =

0.07
0.9299

RESET (2) Test: p-value=0.9299> 0.10, thus do not reject H0 that model has not
omitted variables.
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Annex H: Hausman Test for Endogeneity
1. Step: Estimation of the reduced form model by least squares. Per capita expenditures and
days of inferior food should be significant in explaining poverty.
Wealth (Poverty Index)
Coefficient
S.d. ᵃ

t

Distance

-0.1244

0.0999

-1.24

Steepness (dummy)

0.2410

0.1509

1.60

Plot size

-0.1660*

0.0775

-2.14

Years plot

-0.0096

0.0072

-1.34

Agreement (dummy)

0.6033***

0.1443

4.18

Extension

0.0804

0.0622

1.29

Support (dummy)

0.0189

0.1396

0.14

Land owned

0.1012***

0.0382

2.65

Actives per ha

0.0335

0.0370

0.91

Age

0.0272***

0.0077

3.53

Education

0.1274

0.0148

8.60

Per capita expenditures

0.0007***

0.0001

5.86

Days of inferior food

-0.0506***

.01567

-3.22

Constant

-3.2263***

0.4302

-7.50

Number of observations
135
F(13,121)
16.02***
R²
0.5709
ᵃ Robust standard deviations
* significant at 10 percent level of error probability
** significant at 5 percent level of error probability
*** significant at 1 percent level of error probability
(Source: Own calculations)

2. Step: Compute residuals of the first model and include them as an explanatory variable
(vhat) in the original regression. Estimate this regression, and employ t-test for the
hypothesis of significance.
The coefficient of vhat equals zero (no correlation between WEALTH variable and
The coefficient of vhat is not equal to zero (correlation between WEALTH and

)

)
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Log(Number of trees on a plot)
Coefficient
S.d. ᵃ
Plot characteristics
Distance

0.3433

0.2120

Steepness (dummy)

0. .3039

0.2549

Plot size

0.2716*

0.1592

Years plot

0.0368***

0.0105

Agreement (dummy)

1.2161***

0.3659

Extension

0.2516***

0.0965

Support (dummy)

0.8530***

0.2595

Land owned

0.0688

0.0827

Actives per ha

-0.0599

0.0536

Age

-0.0391***

0.0143

Education

-0.0070

0.0640

Wealth

-0.3571

0.3716

vhat

0.3380

0.4091

Constant

3.1882**

1.2714

Household characteristics

Number of plot observations
135
F(13,121)
9.86***
R²
0.4434
ᵃ Robust standard deviations
* significant at 10 percent level of error probability
** significant at 5 percent level of error probability
*** significant at 1 percent level of error probability
(Source: Own calculations)

Conclusion: The t-statistics for the variable vhat has a p-value of 0.410. Thus, the
coefficient of vhat is not significantly different from zero and the null hypothesis cannot be
rejected.

91

Annex I: OLS Regression with CSC and CBFM as Separate
Variables
Number of trees on a plot
Coefficient
S.d. ᵃ
(exp( )-1)
Plot characteristics
Distance

0.3700*

0.1972

0.4477

Steepness (dummy)

0.1808

0.2378

0.1982

Plot size

0.3590**

0.1429

0.4319

Years plot

0.0424***

0.0117

0.0433

Agreement
CBFM

1.2527***

0.3252

2.5000

0.8154**

0.3622

1.2601

CSC
Household characteristics
Extension

0.2307**

0.0934

0.2595

Support (dummy)

0.8124***

0.2652

1.2533

Land owned

0.0254

0.0767

0. 0257

Actives per ha

-0.0693

0.0565

-0.0670

Age

-0.0430***

0.0134

-0.0421

Education

-0.0376

0.0397

-0.0369

Wealth

-0.0929

0.1449

-0.0887

Constant

3.7691***

0.8786

42.3410

Number of plot
135
observations
F(13,121)
9.81***
Number of households
96
R²
0.4461
ᵃ Robust standard deviations
* significant at 10 percent level of error probability
** significant at 5 percent level of error probability
*** significant at 1 percent level of error probability
(Source: Own calculations)
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Carbon Stocks of Agroforestry and
Plantation Systems of Leyte island, the
Philippines

Campbell Moore
January 23, 2012

Introduction.
Anthropogenic climate change is one of the preeminent challenges faced by humanity this century. The
IPCC Fourth Assessment Report (AR4) states that it is “unequivocal” that warming is occurring and that
anthropogenic greenhouse gas emissions (GHGs) are very likely to be the majority cause for this trend
(IPCC 2007). Forests store and can remove significant quantities of carbon from the global atmosphere.
In recognition of this opportunity mechanisms such as Reducing Emissions from Deforestation and
Degradation + (REDD+) and Afforestation/Reforestation (A/R) are being developed to incentivize the
conservation and restoration of forest carbon stocks. These mechanisms may hold the most potential in
tropical regions where forests can hold large carbon stocks and where lower incomes may make
conservation and restoration of these carbon stocks economically viable. Intact tropical forests contain
considerable carbon stocks and represent a globally significant carbon sink, absorbing 1.19 +/- 0.41 Pg C
between 1990 and 2007 (Pan et al. 2011).
In the Philippines the vast majority of intact tropical forest has been degraded or converted. A 2001
estimate indicated a loss of 15 million ha of forest during the 20th century with only 1 million ha of
primary forest remaining (R. D. Lasco, Visco, and Pulhin 2001). In situations like the Philippines where
the majority of intact tropical forest has been converted, restoration of forests and tree cover represents
possibly the best way to restore carbon stocks and mitigate GHG emissions. This is particularly true for
degraded grasslands and brushlands that make up 28% of the 15.4 million ha of “forest land” in the
Philippines (R. D. Lasco, Visco, and Pulhin 2001). These areas result from either past unsustainable
logging, charcoal production, repeated burning, repeated cycles of swidden agriculture with minimal
fallow times, or a combination of these factors. Frequently dominated by fire-prone cogon grass
(Imperata cylindrica), these areas have minimal resource value for local populations and low carbon
stocks ranging from 8.9 tons of C/ha to 29 tons of C/ha (Rodel D Lasco and Pulhin 2003). The potential
of carbon-rich agroforestry systems and plantation forests to simultaneously restore ecological values,
provide resources and income for local populations, and increase carbon stocks has been recognized
globally (Albrecht and Kandji 2003; Montagnini and Nair 2004), in Southeast Asia (Roshetko, Lasco, and
Angeles 2006), and in the Philippines (Sales, Lasco, and Banaticla 2005). This paper assesses the carbon
stocks in above and belowground biomass in a range of agroforestry systems and a plantation type in
Leyte Island.

Materials and Methods.
Site Selection and Description
Fieldwork was conducted in four areas throughout Leyte Island in both Leyte and Southern Leyte
Provinces. Fieldwork locations were selected to be roughly representative of the variety of upland areas
2

of Leyte, although there were limitations to this selection imposed by time and resource constraints. The
study was conducted for the Environment and Rural Development (EnRD) program of Deutsche
Gesellschaft für Internationale Zusammenarbeit (GIZ), as such all communities where fieldwork took
place are or have been beneficiaries of GIZ programs. Ideally agroforestry farms and plantations would
be randomly selected from a large sample. This proved infeasible given time constraints. Once candidate
agroforestry systems were identified, People’s Organization (PO) presidents acted as guides to a sample
of systems of each type that they deemed representative of their CBFM area.
Agroforestry Sites
All agroforestry sites were within four upland CBFM areas and were owned either privately by People’s
Organization (PO) members or were in communal PO agroforestry areas. The POs were YISEDA,
CIENDA, KICCFA, and a confederated PO near Babatgnon. All agroforestry systems were variations of
complex multistory systems. Agroforestry farms ranged in size from approximately 0.75 – 4 ha. The
elevation of farms varies from 150 m asl to 650 m asl with steep slopes. Agroforestry systems are
generally located in lower slope and valley positions with the upper slopes usually occupied by secondary
forest or Imperata cylindrica.
The climate in YISEDA, CIENDA, and the POs near Babatngon is moist tropical with a mild drier season
from March through May. Mean annual precipitation from 1976-1998 was 2586 mm, with all months
receiving at least 100 mm of precipitation, according to a Philippine Atmospheric, Geophysical, and
Astronomical Services (PAGASA) station at Visayas State University, near CIENDA. Mean annual
temperature during this period was 27.40C (Hawksworth and Bull 2006). In KICCFA the climate is
similar but with no pronounced dry season. All sites are impacted by typhoons.
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Figure 1. Study Sites in Leyte, Philippines.

Plantation Areas and Description
Carbon measurements were undertaken in two mahogany (S. macrophylla) plantations in PO YISEDA.
A 19 year old (2 ha) and 20 year old (15 ha) plantation were assessed. Both plantations were on steep
slopes at 575-680 m asl that had been dominated by I. cylindrical prior to plantation establishment. Trees
had been planted at roughly 3 x 3 m spacing and had never been thinned. Table 1 describes the species
composition of each plantation. Both plantations included native species that had recruited into the
plantation, particularly around the margins and in rocky areas where the mahogany, and minimal gmelina,
performed poorly.
Plantation

Gmelina
(trees/ha)

19 yr.
20 yr.

0
251

Native
Trees
(trees/ha)
242
239

Mahogany Total
(trees/ha) (trees/ha)

Mean DBH

1354
687

19.1 cm
24.7 cm

1596
1177

Table 1. Species Compositions and Description of Plantations.

Identification and Stratification of Agroforestry Systems.
Complex multistory agroforestry systems comprise the vast majority of agroforestry systems in Leyte.
There are examples of coconut and rice systems in some areas, but these are minimal in the upland areas
that were the focus of this study. Very complex homegardens exist near housholds in the upland areas but
these are limited in area and require high labor inputs and are unlikely to become more common.
Leyte’s complex multistory systems range from simple coconut and banana systems to very complex
systems with intimate mixtures of timber trees, coconut, banana, fruit trees, cacao, and root crops in the
understory. Timber trees were usually a mixture of exotic species like mahogany (Swietenia
macrophylla) and gmelina (Gmelina arborea) along with native species such as narra (Pterocarpus
indicus). Banana and abaca (Musa spp.) were very common subcanopy non-woody fruit trees, while
jackfruit (Artocarpus heterophyllus) tends to dominate woody fruit trees in the subcanopy. Lanzones
(Lansium domesticum), durian (Durio spp.), and rambutan (Nephelium lappaceum) are somewhat
common but they tended to be younger (< 7 years old) and contribute minimally to carbon stocks at this
time. Abaca had been integral to agroforestry systems in all study sites but has declined significantly in
abundance since a virus began decimating the plant in 2006. The understory ranges from being grassy in
some systems to other systems completely dominated by root crops such as cassava and camote (sweet
potato).
These systems are very heterogeneous over a small area. As such, it can be difficult upon first inspection
to identify distinct systems among these complex multistory systems. Two assumptions were used to
guide stratification into different systems. First, was that overstory composition would be the largest
driver behind carbon stocks per hectare. The second assumption was that beneath the canopy
the allocation of growing space to either root crops, or subcanopy banana and fruit trees, would have
different carbon implications. An ocular estimate of percent cover in the canopy and subcanopy was used
to stratify agroforestry systems. Most agroforestry systems observed include elements of all systems
(coconut, timber trees, banana/abaca, root crops) but they do fall into distinctly different systems based on
4

the dominance of different elements. For instance, timber tree dominated systems with the understory
dominated by root crops will likely contain some coconut and banana but it will be negligible over the
entire farm’s area. From these assumptions and observations in the field, the following five major
agroforestry systems were identified:
1. Coconut and Root Crop Systems
Canopy
-Coconut occupies >70% of canopy individuals
Coconut trees: 108/hectare
-Remaining canopy space may be occupied by timber trees or more coconut
Timber trees: 21/hectare
Subcanopy
-Subcanopy species including mostly banana and fruit trees occupy <40% of subcanopy growing space
Banana and abaca: 355/hectare
Fruit trees: 77/hectare
-Root crops occupy growing space not utilized by subcanopy species
Number of farms sampled: 8
2. Coconut and Fruit Tree Systems
Canopy
-Coconut occupies >70% of canopy individuals
Coconut trees: 167/hectare
-Remaining canopy space may be occupied by timber trees or coconut
Timber trees: 54/hectare
Subcanopy
-Subcanopy species including mostly banana and fruit trees occupy >70% of subcanopy growing space
Banana and abaca: 686/hectare
Fruit trees: 62/hectare
-Root crops occupy growing space not utilized by subcanopy species
Number of farms sampled: 10
3. Timber and Root Crop Systems
Canopy
-Timber trees occupy >70% of canopy individuals
Timber trees: 282/hectare
Coconut trees: 4/hectare
Subcanopy
-Subcanopy species including mostly banana and fruit trees occupy <40% of subcanopy growing space
Banana and abaca: 435/hectare
Fruit trees: 61/hectare
-Root crops occupy growing space not utilized by subcanopy species
Number of farms sampled: 4
4. Timber and Fruit Tree Systems
Canopy
-Timber trees occupy >70% of canopy individuals
Timber trees: 141/hectare
Coconut trees: 11/hectare
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Subcanopy
-Subcanopy species including mostly banana and fruit trees occupy >70% of subcanopy growing space
Banana and abaca: 754/hectare
Fruit trees: 292/hectare
-Root crops occupy growing space not utilized by subcanopy species
Number of farms sampled: 3
5. Coffee Agroforestry
Only two coffee agroforestry systems were available for measurement, hence these systems are included
in the analysis but the data should be interpreted with caution.
Canopy
Timber trees: 131/hectare
Coconut trees: 8/hectare
Subcanopy
Coffee trees: 1218/hectare
Other fruit trees: 101/hectare
Banana and abaca: 302/hectare
Number of farms sampled: 2

Sampling Procedure
Agroforestry
A total of 27 agroforestry farms of the five systems of interest were sampled for this analysis. Timber
tree based systems only existed at PO YISEDA. For all agroforestry systems DBH (diameter at 1.3 m) of
all woody plants and banana/abaca larger than 5 cm DBH was measured. Heights of coconut trees were
measured using a clinometer. Coconut heights were required to estimate carbon from appropriate
allometric equations. Time and resource limitations prevented the sampling of soil carbon and understory
vegetation. Soil carbon may have contributed significantly to total carbon stocks. A recent review noted
a lack of diverse literature on soil carbon in agroforestry systems but found soil carbon estimates ranging
from 24 Mg C ha-1 in a live fence system in Mali to 302 Mg C ha-1 in a shade coffee system in Brazil
(Ramachandran Nair et al. 2010). Belowground carbon stocks were inferred from aboveground biomass
using appropriate allometric equations and root to shoot ratios (see below).
A sampling design was utilized that combined variable radius plots (VRP) with rectangular fixed area
plots of 150 m2. This strategy was pursued to give the most accurate estimate of large individuals of the
systems while not discounting more frequent small individuals. Variable radius plots, using an angle
gauge, preferentially select large trees. Large trees contribute the vast majority to carbon stocks. Fixed
area plots are best at accurately measuring smaller trees. The sampling scheme required three VRP for
every fixed area plot.
Figure 2
below depicts the systematic sampling design with a random starting point that was used. Starting from a
prominent corner of the agroforestry system a random number generator was used to choose a starting
point between 1 and 10 meters from that corner. From here sampling started 10 m directly into the farm.
Three VRPs (blue X’s) were conducted for each 5 x 30 m fixed area plot (blue rectangle). Plot locations
6

were 45 m apart along transects that were 25 m distant from each other. Transects proceeded in cardinal
directions.

Figure 2. Sampling Design Map. Blue X’s represent variable radiuls plots, while the blue rectangle

represents the fixed area plots.

Calculating Carbon Stocks
The VCS REDD Methodological Module VMD0001, Version 1.0 was used as a guidance document for
this portion of the analysis. VMD0001 provides guidance on the proper selection and use of allometric
equations to be consistent with VCS standards for this methodology. Allometric equations were used to
calculate carbon stocks from field measurements collected. All allometric equations used DBH to
compute aboveground biomass, except for coconut, which required coconut tree height. Belowground
biomass was computed from aboveground biomass using suggested IPCC root to shoot ratios cited in
VMD0001. Belowground biomass was computed at 0.2 of aboveground for agroforestry systems which
contained less than 125 tons of biomass per ha, while 0.24 was used to calculate belowground biomass for
plantations which contained more than 125 tons of biomass per ha. The default value from VMD0001 of
0.47 t C t-1 d.m. was used to calculate the proportion of biomass that was carbon.

Selection of Allometric Equations
VMD0001 requires that allometric equations be selected in the following order of preference:
(a) National species-, genus-, family-specific;
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(b) Species-, genus-, family-specific from neighboring countries with similar conditions (i.e. broad
continental regions);
(c) National forest-type specific;
(d) Forest-type specific from neighboring countries with similar conditions (i.e. broad continental
regions);
(e) Pan-tropical forest type-specific
VMD0001 further stipulates that all equations require a sample size of at least 30 trees and that the r2
value must be > 0.8. A thorough literature review revealed that higher preference equation types (types
(a), (b), or (c) above) based on data sets of greater than 30 trees were unavailable for some species. Pantropical forest type equations were mostly rejected for the agroforestry analysis, even though the lack of
sample sizes greater than 30 trees for more specific equations indicates that perhaps these pan-tropical
equations should be used. Pan-tropical equations were rejected because of the marked differences of
agroforestry systems from the natural forests these equations are based on and because other authors had
noted the lack of accuracy of some of these equations when applied to local forest types in SE Asia
(Ketterings et al. 2001; R. N. Banaticla, Sales, and Lasco 2005) and agroforestry systems in SE Asia
(Noordwijk et al. 2002).
Species-specific local or regional equations were used for Gmelia arborea, Swietenia macrophylla
(Mahogany), banana/abaca, and coffee. A generic palm equation developed in the neotropics was the best
available option for coconut. All native trees growing in agroforestry plots were evaluated with an
equation for tropical secondary forest developed in Malaysian Borneo. The majority of native trees in
these plots do not appear to be individuals remaining from the original primary forest. The pan-tropical
equation from Brown 1997 was used in this analysis for a few species which had no other options and
were not native species that would have occurred in secondary forest, such as lanzones.
A range of local and pan-tropical equations were used for the plantations that were evaluated. The
purpose of this was to demonstrate the variability in carbon stocks depending on which equation is
chosen. Table 2 describes the allometric equations and their sources for both the agroforestry systems
and plantations.
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Species/Eq.
Type
Gmelia arborea
Swietenia
macrophylla
Coconut
Banana
Pruned Coffee
Tropical
Secondary (used
for all native
trees, total
biomass)
General Moist
Tropical (used for
fruit trees without
specific equations
and for
plantations)
General Moist
Tropical with
Wood Density
(used for
plantations)
Flexible Form
Equation
Adjustable by
Local Wood
Density and
Height-D
Relationship (only
used in Figure 7)

Max
DBH Equation

2

Country

Region

Philippines

Leyte/Minda
nao

7 0.994

Philippines

Mindanao

5 0.993

Indonesia

Puerto Rico
East Java

n/a
n/a

n/a
n/a

n/a
n/a

Indonesia

East Java

n/a

n/a

n/a

Malaysia

PanTropical

Sarawak

Pan-Tropical

PanTropical

Pan-Tropical

Flexible
(developed
in
Indonesia)

Flexible
(developed
in Sumatra)

n

r

51

226

2410

183

ABG=0.153D^2.21
31.4 7
ABG=0.022D^2.92
26 0
ABG=4.5+7.7*H
ABG=0.030D^2.13
ABG=0.281*D^2.0
6

Source
(Banaticla, Sales,
and Lasco 2005)
(Banaticla, Sales,
and Lasco 2005)
(Frangi and Lugo
1985)
(Noordwijk et al.)
(Noordwijk et al.)

0.94

Total
Biomass=0.1044*
31.8 D^2.36

(Kenzo et al. 2009)

0.98

ABG=EXP(2.289+2.649*LN(
D)148 0.021*LN(D)^2)

(Brown 1997)

n/a

ABG= p*EXP(1.499+2.148*LN(
D)+0.207*LN(D)^
2156 0.0281*LN(D)^3)

(Chave et al. 2005)

0.95

ABG=0.11*p*
D2+c

48.5

(Ketterings et al.
2001)

Table 2. Allometric Equations Used in this Study. D=diameter at breast height (1.3m). ABG=aboveground
biomass. p=wood density. The Kenzo et al (2009) equation computes total biomass, rather than just
aboveground biomass. Belowground biomass is calculated for all woody species (not abaca/banana, or
coconut) using IPCC root to shoot expansion factors, except for species subjected to the Kenzo et al
equation. The Ketterings et al (2001) equation is a flexible form, where the wood density and the “c”
value can be adjusted to the local forest type or species. The c value represents a site-specific
relationship between height and DBH. For this analysis the equation was used only in Figure 7 for
illustrative purposes and used the default c value as cited in (Brakas and Aune 2011)
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Results.
Carbon Stocks of Living Biomass of Agroforestry Systems
The total carbon stocks of living biomass in the agroforestry systems analyzed varied considerably. This
variation existed between mean carbon stocks of different systems as well as between different farms
within the same system. The highest mean carbon stock was observed in the coffee agroforestry system
with 30.4 Mg C ha-1, whereas the lowest observed mean carbon stock was in the coconut and root crop
systems, with 8.4 Mg C ha-1. Other than the coffee based system, the timber based systems had the
highest mean carbon stocks with timber and root crop systems at 19.4 Mg C ha-1 and timber and fruit tree
systems at 15.9 Mg C ha-1. Figure 3, below, depicts the mean carbon stocks of the agroforestry systems
assessed. This analysis only includes carbon in living above and belowground biomass. The addition of
the dead wood pool, soil pool, and herbaceous biomass pool could significantly increase carbon stocks.

Mg C/Ha-1 for All Agroforestry Systems
35.0
30.0

25.0
20.0
15.0
10.0
5.0

0.0

Agfo System
Figure 3. Mean Carbon Stocks in Living Above and Belowground biomass for Five Agroforestry Systems.

Carbon Contribution by Species
Not surprisingly, large trees such as mahogany and native timber trees were very important contributors
to all agroforestry systems. This was true even for coconut based systems. In the coconut and fruit tree
based systems, all timber trees combined contributed nearly as much to the total carbon content as
10

coconut trees did, despite their much lower stocking density (55 timber trees per ha vs. 167 coconut trees
per ha).
The coffee agroforestry systems hold very high carbon stocks in both large canopy trees as well as the
subcanopy coffee trees. Coffee trees make up 40.7% of the carbon stocks of this system. The small
stature of these trees is compensated for by their very high density (1218 trees per ha).

Species Contribution to C Totals by System
16
14
Abaca

12

Banana
10

Cacao

Mg C ha-1

Coconut

8

Coffee
Gmelina

6

Native Timber
4

Fruit
Mahogany

2
0
Coco+Roots Timber+Roots

Coco+Fruit

Timber+Fruit

Coffee

Figure 4. Species Contribution to Carbon Stocks of Each System. Large native and exotic timber trees contribute
greatest or close to greatest to carbon stocks, even for coconut systems where they play a minor role in
the canopy.

Variation in Carbon Stocks within the Same System
Within a single agroforestry system type there were substantial differences in carbon stocks on different
farms. Farmers have different preferences for the number and type of species that they harvest from their
farms, depending on local edaphic, climatic, and economic conditions. There was also no way to control
for the age of the agroforestry system in this analysis, therefore, systems with older trees may explain
higher carbon stocks. Farmers explained that their agroforestry systems were developed gradually and
that each farm contained many trees of different ages and rotation lengths.
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System

Coconut+Roots

Timber
+Roots

Coconut+Fruit

Timber+Fruit

Highest

17.5

52.5

27.4

23.2

4.3

11.0

8.2

15.5

-1

(Mg C ha )
Lowest
-1

(Mg C ha )
Table 3. Variation in Carbon Stocks within the Same System.

Carbon Stocks in Plantation Systems
The carbon stocks of the 19 and 20 year old plantations that were measured were much higher than those
observed in any agroforestry system. Three allometric approaches were used to investigate how choice of
allometric equations influences calculated carbon stocks.
Approach 1: Mixed Local/Regional Equations
This approach (blue columns in Figure 5) used species-specific equations from the Philippines for both
mahogany and gmelina from Banaticla et al (2005) while using a regional secondary equation for native
trees that have recruited into the plantations from Kenzo et al (2009).
Approach 2: Chave Pan-Tropical Equation
This approach used a pan-tropical equation that can be parameterized by wood density (Chave et al.
2005). Wood density values were chosen from ICRAFs wood density database, from the “low” category.
“Low” values were chosen under the assumption that plantation mahogany and gmelina would have lower
wood density due to the much faster growth rates observed in plantations, as compared to natural forests.
Native species growing in the plantations were assessed with the tropical secondary equation from Kenzo
et al (2009). The results of this approach are similar to the results of Approach 1
Approach 3: Brown Pan-Tropical Equation
This approach utilized the pan tropical equation from Brown (1997), which cannot be adjusted by wood
density (green columns in Figure 5). This same equation was used for all species. Approach three results
in substantially higher carbon stocks. For the 20 year old plantation (majority mahogany with some
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gmelina and native species) the Brown (1997) equation produces carbon stocks 68% higher than
Approach 1 and 87% higher than Approach 2.

Plantation

Approach 1
C Stocks
(Mg C ha-1)

19 yr.
20 yr.

112.8
132.3

Approach 1
C Seq Rate
(Mg C ha-1
yr-1)
5.9
6.6

Approach 2
C Stocks
(Mg C ha-1)

Approach 2
C Seq Rate

Approach 3
C Stocks
(Mg C ha-1)

Approach 3
C Seq Rate

156.7
157.7

8.2
7.9

182.7
223

9.6
11.2

Table 4. Carbon Stocks and Sequestration Rate of Two Plantations Using Three Different Allometric Approaches.

Carbon Stocks in Mahogany Plantations Using
Three Allometric Approaches
250

200
Mixed Philippines
Chave (Pan-Tropical,
Low Density)

150

Brown (Pan-Tropical)

Mg C ha-1

#REF!

100

#REF!
50

0
19 Yr

20 Yr

Figure 5. Carbon Stocks of Two Plantations Under Three Allometric Approaches.
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Discussion.
Large timber trees and fruit trees drive carbon stocks of agroforestry systems
Of the agroforestry farms surveyed, those that relied heavily on timber trees and fruit trees tend to have
higher carbon stocks. Within a single agroforestry system, the presence of a few very large canopy trees
was more important than the presence of a large number of canopy trees. Figure 6 demonstrates this.
Farm W had a much lower stocking density of canopy trees but it included several mature mahogany trees
with a mean diameter of 58 cm. Farm K had nearly eight times as many timber trees yet they were much
smaller in diameter and stored cumulatively less carbon. Large diameter trees store exponentially more
carbon than smaller trees. For example a 39 cm mahogany stores 556.2 kg of carbon while a 20 cm
mahogany only stores 101.8 kg of carbon.

Figure 6. Within One System, Variation in Carbon Stocks between Farms Can be High. Large trees explain much
of the high carbon stocks of some systems.
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Reliance on Root Crops Diminishes Carbon Stocks
In root crop based systems, stocking density of canopy trees, whether coconut or timber trees, tends to be
lower than in comparable fruit tree based systems. This results in less carbon storage potential in the
canopy. For example, in coconut based systems, the density of canopy individuals (coconut and timber
trees) is 129 per ha for coconut and root crop systems vs. 222 trees per ha for coconut and fruit tree
systems. There is also less carbon storage potential in the subcanopy as this growing space is allocated to
root crops rather than banana and fruit trees. In the timber and root crop systems there were an average of
61 fruit trees and 435 banana/abaca per ha. The timber and fruit tree systems had denser subcanopies
with 292 fruit trees and 754 banana/abaca per ha. This analysis did not measure the carbon stocks of the
root crops themselves as they are expected to be minimal and do not represent a long term sequestration.
Comparison with Other Studies
A recent study of many agroforestry systems in Claveria, Mindanao in the Philippines found much higher
carbon stocks (155.8 Mg C ha-1) in complex multistory systems than this study found (mean 15 Mg C ha1
) (Brakas and Aune 2011). Some of this difference may be due to differences in agroforestry system
definition, although other differences may be attributed to soil fertility, farmer preferences, agricultural
extension services, and other differences. The study in Claveria also measured carbon in understory
vegetation and dead trees (although it does not tell how much this contributed to carbon stocks), but did
not calculate belowground carbon stocks.
There are some similarities as well though. The Claveria study provided a mean carbon stock of 11.5 Mg
C ha-1 for coconut and banana systems while this study found a mean carbon stock of 15.9 Mg C ha-1 for
coconut and fruit tree systems. Coconut and fruit tree systems assessed in this study were dominated by
coconut and banana, but had some timber trees and woody fruit trees as well, perhaps accounting for the
slightly higher carbon stocks. A monoculture coffee plantation assessed in Claveria held much higher
carbon stocks than 112.3 Mg C ha-1 than the coffee agroforestry systems assessed in Leyte (30.4 Mg C ha1
). A study of shade coffee systems in Indonesia found a mean carbon stock of 48 Mg C ha-1 in
aboveground tree biomass (Noordwijk et al. 2002). If we expand this number by the same root to shoot
ratio (0.2) used in this analysis, the total carbon stocks in living woody biomass in this system is 57.6 Mg
C ha-1, nearly double the carbon stocks observed in the coffee agroforestry system in Leyte.
The plantation carbon stocks measured in this analysis, depending on allometric equation selected, were
either similar, or much higher than the carbon stocks predicted in a study of similar plantations in Leyte
(Sales, Lasco, and Banaticla 2005). Sales et al measured four mahogany smallholder plantations in Leyte
of ages 5, 6, 8, and 38. They extrapolated from this data the expected carbon stocks of these plantations
at ages 1-25 years. At year twenty, their analysis predicted a total carbon stock including above and
belowground woody biomass, and soil carbon, of 153.65 Mg C ha-1. The authors do not estimate the
percent of carbon at this age in biomass vs. soil, but in the 38 year old plantation they measured 72% of
the carbon in biomass. If we assume this to be the same proportion in their simulation of a 20 year old
plantation, the simulated plantation would have carbon stocks of 110.6 Mg C ha-1, comparable to the
measurements of this study using Approach 1 with mixed local equations (132.3 Mg C ha-1) and
Approach 2 with the Chave (2005) equation using low wood density (157.7 Mg C ha-1). Using the Brown
(1997) equation in our analysis produces carbon stocks for a 20 year old mahogany plantation that are
nearly double (223.03 Mg C ha-1) those calculated in Sales et al (2005).
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Possible Explanations for Low Agroforestry Carbon Stocks in Leyte
The carbon stocks in the agroforestry systems assessed in this study were lower than those observed in a
similar study in the Philippines in Mindanao (Brakas and Aune 2011). This is likely a result of regional
farming practices, as well as biophysical variables such as soil fertility and climate. Perhaps most
importantly, the study site in Claveria is a research site of the World Agroforestry Center (ICRAF), and
farmers have likely been sensitized to many agroforestry systems, as well as having had access to
extension services not available in Leyte.
Another important factor is likely the abaca virus that has impacted the area since the mid-2000’s.
Discussions with farmers revealed that abaca had been a very important, often the primary, income earner
for farmers. The drastic reduction of this crop likely has reduced the carbon stocks to a small but not
insignificant degree. Additionally, farmers may have invested less in their agroforestry systems with the
main economic engine removed from the system. Further socioeconomic data is necessary to confirm
this.

Importance of Selecting Proper Allometric Equation
The choice of allometric equation can dramatically impact the carbon stocks calculated in a given system.
With growing interest in A/R projects under the CDM and REDD+ initiatives where financial
compensation is contingent upon carbon stocks, choice of allometric equation can have large financial
implications. There is not always a clear best allometric equation. Equations based on large data sets,
such as the pan-tropical equations from Brown (1997) and Chave (2005), have many strengths but may be
inaccurate when applied to specific species combinations or local conditions (Cole and Ewel 2006). Pantropical equations that are not adjustable by wood density (for example, the Brown 1997 equation) could
fail to detect the importance of forest dynamics and resulting changes in carbon stocks (Ketterings et al.
2001). For example, it is possible for later successional species with denser wood, and higher carbon
density, to be recruited into a forest area over time without a substantial change in tree density or mean
DBH. Because Brown (1997) relies only on DBH as a predictor of carbon stocks, this important change
would remain undetected. Furthermore, these equations are often developed for primary forest and may
be inappropriate for secondary forest species, which often have lower wood density and carbon stocks
(Kenzo et al. 2009).
Conversely, locally tailored equations may be more appropriate for analyses of this type but are often
developed from an insufficiently small sample size (R. N. Banaticla, Sales, and Lasco 2005). The
VMD0001 document used for guidance in this analysis strongly suggests local species-specific equations
when possible, but requires sample sizes much higher than any available local equation utilized.
Figure 7 demonstrates the great variability in biomass estimates (from which carbon estimates are
derived) from a range of allometric equations. Equations that allow for parameterization of wood density
(Chave et al. 2005; Ketterings et al. 2001) can be highly sensitive to this input. The divergence between
the different allometric models increases dramatically with large diameter trees, which provide by far the
most significant carbon storage. For large diameter mahogany trees, the choice of one allometric model
could result in a roughly 300% increase in carbon storage compared to another allometric equation.
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Figure 7. Different Allometric Equations and Choices in Wood Density Can Drastically Change Biomass and
Carbon Projections for the Same Species of the Same DBH. p=species specific wood density.

Conclusions.
Agroforestry systems of Leyte hold moderate potential for carbon sequestration, and can have higher
potential when established in low carbon stock degraded areas like grasslands and brushlands.
Establishment of agroforestry systems under these conditions can likewise produce significant ecological
and economic co-benefits. The establishment of mahogany plantations has much higher carbon storage
potential than the agroforestry systems measured in this analysis while also generating important cobenefits.
Both agroforestry and plantations could improve in economic productivity and carbon storage potential
through farmer education and sensitization. It may be that Leyte agroforestry carbon stocks are lower
than similar systems in Mindanao due to a need for extension services to help farmers fully maximize the
productivity of their land.
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Among the complex multistory agroforestry systems measured in this analysis, timber trees and woody
fruit trees overwhelmingly contributed the most to carbon stocks. Even among systems where the canopy
was dominated by coconut trees, timber trees were major contributors. Additionally, farms that had many
large diameter timber trees had much higher carbon stocks from those trees, highlighting the importance
of long rotations of timber trees in carbon storage.
Agroforestry system and plantation establishment in Leyte and the rest of the Philippines hold important
potential as a way to restore economic and ecological value to degraded lands, while simultaneously
increasing the carbon stocks of tree-based systems of the Philippines. Further ecological research, social
analyses to understand farmer priorities and limitations, and the development of well-funded farmer
extension services are necessary to increase this potential.
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BACKGROUND OF THE STUDY
The Philippines are one of the most threatened countries in South East Asia concerning
the loss of natural forest.
Historical records show that almost 95 percent of the Philippines had been covered with
rain forest.Widespread use of timber became common 500 years ago, when the Spanish
began using trees for the construction of their fleet. In 1945, two-thirds of the country
was still covered by old-growth forest. However, in the following decades logging rates
increased rapidly. Between 1969 and 1988, 2,000 km² were logged annually
(Langenberger et al. 2006).Today only about seven percent of original old-growth,
closed-canopy forest is left.
Despite these facts the more than 7,100 islands of the Philippines arestill home to an
exceptional high amount of biodiversity (Myers et al. 2000).Along with its remarkable
levels of species endemism, the Philippines are one of the few nations classified as
biodiversity hotspot and mega diversity country, placing it among the top priority
hotspots for global conservation.
To qualify as a hotspot, a region must meet two strict criteria: it must contain at least
1,500 species of vascular plants (> 0.5 percent of the world’s total) as endemics, and it
has to have lost at least 70 percent of its original habitat (Criteria from Conservation
International, 2010).
By now, worldwide 34 biodiversity hotspots are defined(Mittermeier et al. 2005). These
are located mostly in the tropics. Interestingly, these areas hold more than 44 percent of
the world’s plant species and 35 percent of terrestrial vertebrates on only 23 percent of
Earth’s land surface (FAO fact sheet, 2011).
These areas are facing severe environmental problems. One main reason for the
conversion of natural habitat into farmland is massive overpopulation.
In 2011, the Philippines have become the world's 12th most populous nation, with a
population of over 94 million.The population growth rate between 1995 to 2000 of 3.21
percent decreased to an estimated 1.95 percent for the 2005 to 2010 period, but
remains a contentious issue (Republic of the Philippines. National Statistics Office.2008).
This situation has forced many people to move in remote upland areas and cultivate
poor soils even on steep slopes, resulting in increasing soil erosion and loss of valuable
agricultural land as well as susceptibility to landslides.
In the particular case of the Philippines, precarious tenure systems exacerbate the
situation even more. The ongoing conversion of forest into agricultural land, often by
slash-and–burn practice, is symptomatic for unstable conditions. Farmers are not likely
to implement more sustainable cultivation systems as long as the ownership of the land
remains unsettled. Experience from other countries has shown how important secured
tenure for sustainable land cultivation is. For example in Ethiopia, a change in tenure
system to more private ownership resulted in farmers’ adoption of more sustainable
land management practices, including terracing and reforestation(Jarvis et al.2000).
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In order to improve the livelihood of rural communities and meet the growing demand
for agricultural commoditiesand at the same time protecting the remaining forest
stands, innovative approaches are needed.

WORK OF GIZ IN LEYTE
In response to the above mentioned severe environmental problems, GIZ together with
the Department of Agriculture (DA), Department of Agrarian Reform (DAR) and the
Department of Environment and Natural Resources (DENR) jointly implemented the
Environment and Rural Development (EnRD) program, which aims at an improvement
of land use in the rural regions of the Philippines. The program provides support to local
government units and local communities to establish a more sustainable management of
land and water resources.
One component of the EnRD is the promotion of agroforestry as an ecologically
compatiblealternative to overcome destructive swidden farming systems.
Since the late 1970s, agroforestry attracts increased attention from international
scientist and development communities due to its potential to provide stable income to
small scale farmers and at the same time promising environmental benefits.Although,
since then numerous studies were concerned with the topic many aspects of the
interactions between the particular components of agroforestry remain unexplained.
Imbedded in the EnRD program there are efforts to compute sustainable land cultivation
through the development of a model for the optimization of agroforestry practices. Main
objective of this model is to maximize farmers’ income while conserving natural
resources at the same time.
Potentially, there is a tradeoff between agricultural intensification, biodiversity
conservation and ecosystem functioning. To find the balance between limited ecological
losses but satisfying economic gains, the income maximization shall be linked(in the
mathematical model) to several ecological constraints as carbon sequestration, soil
erosion, and biodiversity.
In this context, defined objective of my three month lasting internship at GIZ was to
collect data about the biodiversity value of different agroforestry systems in Leyte which
would later on contribute to the linear optimization model.
The first step to approach the complex topic was to define a few core questions to be
considered before starting to plan the actual study, namely:


Are there suitable, pragmatic approaches for measuring biodiversity in human
modified ecosystems in general and what are the main obstacles to this matter?
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What methods were used in previous studies concerning quantification of
biodiversity in agroforestry systems and are they applicable to this
particularstudy?
What different kinds of agroforestry systems can be distinguished in the target
area? What could be the threshold/objective criteria in the field to categorize
them?

On these questions I based my literature research of which I want to lay out the results
in the following to give a short insight of the theoretical background of the study.

LITERATURE REVIEW
AGROFORESTRY- JUSTPLANTING TREES ON FARMS?
Agroforestry by definition involves the integration of trees and other woody perennials
into farming systems through the conservation of existing trees, active planting or the
tolerance of natural regeneration in fallow areas (Schroth 2004).
There is a vast diversity among small scale agroforests throughout the tropics and even
on local scale they differ widely in the assemblage of crops cultivated, their spatial and
temporal arrangement as well as in the proportion of woody perennials included in the
farming system. Nevertheless, they share some universal characteristics: they are
practiced over small spatial scales (0.1 to 5 ha), extensively maintained by low income
farmers and generally biodiverse in means of vegetation structure (Scales & Marsden
2008).
Several attempts have been made to characterize small scale agroforestry systems. But
often classification systems are unable to fetch the complex reality of agroforests(P.A.
Huxley & P. A. Huxley 1999)
Frequent approaches are for example (a) classification according to the main crop (e.g.
coffee-based in Tscharntke et al.2008), (b) according to tenure system (secure vs.
insecure title), (c) according to temporal farming patterns (intensification gradients) or
differentiation more roughly on the landscape scale of e.g. swidden-farming systems,
homegardens and complex agroforests.
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BENEFITS FOR BIODIVERSITY CONSERVATION ANTICIPATED FROM AGROFORESTRY
Complex multistory agroforestry systems in the tropics resemble natural habitats in
many structural respects and are therefore considered to play an important role in
conserving biodiversity (Steffan-Dewenter et al. 2007).
They present a midway point between plantation monocultures and natural
forests.Many species that are not able to adapt to the conversion of natural forest into a
more open land covercan find valuable substitute habitats in agroforestry systems
(Scales & Marsden 2008).
Of superior importance is, nevertheless, to preserve undisturbed habitat for all those
species that are obligatory forest dependent and are likely to be lost with the conversion
of their natural habitat into farming systems.Often this will be the case for rare and
range restricted taxa. In a review of 36 studies, Bhagwat 2008 found that species
similarity between natural forest patches and complex agroforestry systems was 65
percent for mammals and only 25 percent for herbaceous plants.
Furthermore, agroforestry systems can form a matrix around the remaining forest
patches that facilitates “interpatch migration” of species and therewith allows keeping
up the gene flow between subpopulations in fragmented habitats (Perfecto et al. 2003;
Harvey et al. 2006).
Several studies have shown that the particular type of agroforestry practice is the major
determinant for the biodiversity value the systems contains (Perfecto et al. 2003).

QUANTIFYING BIODIVERSITY
At first sight, species richness seems the simplest and most intuitively satisfying
measure of diversity. Species richness can be defined as the number of species of a given
taxon in the chosen assemblage of interest (Magurran 2003). It is by far the most
frequently used criteria for the comparison of biodiversity values among different land
use types.
However, this point of view entails several restraints that one should be aware of when
thinking about quantifying diversity:


What is a species?

Still there is ongoing debate about a definition for the term species in a way that it
would apply to the naturally occurring organism. All organisms belong to an evolving
continuum and often the taxonomist draws an artificial line between subgroups.
Thus, two taxonomists that stick to a different species concept could come to vastly
differing results.


Commonness and rarity of species
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In almost every community species differ widely in their abundance: some might be
very abundant whereas others are moderately common and the rest (in most cases
the majority) is rare(Magurran 2003). This information is lost, when only the
number of species is recorded in form of presence-/absence data. Abundance
patterns might – at least to some extend– reflect the ability of one species to compete
with others for limited resources. Thus, it can be concluded that some species might
play a bigger role for relevant ecosystem processes than others. Measurements of
species richness value every species equally.


“taxonomic chauvinism”

Never is it possible to regard every taxonomic group in a monitoring scheme. But the
majority of published papers concerning biodiversity issues in tropical environments
focus only on mammals, birds and plants(Pawar 2003). It is still unproven that we
can conclude from the diversity of one taxonomic group on the diversity of the whole
community. Doing so might have some ecological evidence when regarding the
diversity of primary producers like plants or soil microbes.This becomes
increasingly questionable for higher organisms.
Despite all constraints connected to biodiversity valuation based on species richness,
conservation will ultimately succeed or fail on the level of species and populations
(Gardner 2009). Thus analyses based on data of species distribution and abundance is
the highest possible standard of evaluating management impact and ecological
objectives.
In reality logistic and resource shortages often make it difficult to implement feasible
schemes on species level.For scientific and management purposes there is a need for
cost-efficient methods to identify simple, readily observable indicators of complex sets
of biota(P. A. Huxley & P. A. Huxley 1999).
The challenge of selecting appropriate indicators can seem overwhelming and often
results in an “indicator fatigue” among scientists and practitioners alike (Gardner 2009).
All indicators have their drawbacks and some are better suited for the particular task
than others. Often it is hard to decide which indicator reflects the impact of the
management option of interest best and at the same time is robust against multiple
physio-ecological confounding factors.
Measurements and indices of structural complexity seem therefore reasonable to suit as
surrogates for overall biodiversity(Gardner 2009). This is based on the assumption that
systems containing high diversity of structural attributes are more likely to include a
variety of resources and organisms that utilize these resources. Therefore they are more
likely to keep up their ecological integrity (either through resilience or resistance) when
subjected to disturbance.
Structural heterogeneity of vegetation provides more niches and more possibilities for
exploiting environmental resources. Thus, plants play an important role for the
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distribution and the abundance of animals in particular habitats. It is thought that
structural heterogeneity goes along with high species diversity(Chazdon u. a. 2009).

PLANT FUNCTIONAL TYPES
An applicable method to describe and quantify structural complexity of vegetation lies in
the concept of plant functional types (PFTs).
Plant functional types are groups of plants (independent from species) that have
evolved similar functions within the ecosystem and use resources in similar ways, for
example nitrogen fixing legumes, C3 metabolism plants or life form (characterization
after Raunkier) like cryptophytes.
Gillison 2000 developed a characterization of plant functional types based on a
combination of morphological leaf traits, life form and growth form. The idea behind the
usage of leaf traits (e.g. size, inclination or distribution of chlorophyll on the leaf area) is
thatchlorophyll containing plant organs are remarkably sensitive to local changes in
light, water and nutrients and therefore are of greater use in monitoring finer scale
changes in vegetation response to environment than methods based primarily on nonphotosynthetic structures(Gillison 2000).
The above described concept for a rapid vegetation survey recording plant functional
types instead of focusing on plant species seemed convincing and feasible for my
purposes. The application of the method in other studies (Gillison et al. 2004) showed
that it can be successfully applied for quantifying structural vegetation complexity in
agroforestry systems.
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GEOGRAPHY AND CLIMATE OF THE STUDY AREA
The island of Leyte is located in the Eastern Visayas and with 7448 km2 the 8th largest
island of the country. It consists of various parent rock materials as Figure 1 shows.

FIGURE 1: GEOLOGICAL MAP OF LEYTE ISLAND (SOURCE: TULIN ET AL. 2007).

Leyte is characterized by a mountain range (the Leyte Cordillera is part of the Philippine
fault line) running from northwest to southeast across the island with mountain tops
rising above 1000m. This mountain range divides the island climatically in an eastern
and a western part, showing slightly different patterns of rainfall distribution.
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In the western part of Leyte (were the research sides at the POs CIENDA and YISEDA are
located) rainfall is more evenly distributed and no distinct wet or dry seasons do occur.
Temperature in the area varies around 28.5°C and average yearly precipitation around
2568mm (Langenberger et al. 2006).
The climate in the eastern part of the island is characterized by a maximum rain period
occurring in the months of November to January. The research sites at KUFA
(Babatgnon) and KICFA (Silago) are located in this area.
The Island is situated in the zone of less frequent tropical cyclones. Yearly typhoons
mostly affect the northern half of the island. Due to erosion of uncovered slopes, heavy
rains during the typhoon season frequently lead to landslides, sometimes with
disastrous consequences.

MATERIAL AND METHOD

FIGURE 2: LEYTE ISLAND AND LOCATION OF THE STUDY SITES
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The study sites were located at four people organizations (POs) in Leyte that work in
close cooperation with GIZ and take part in the Community Based Forest Management
Program (CBFM). The economically most important agrarian productsof Leyte arerice
and copra. Whereas rice cultivation is restricted to the lowland regions, coconut palms
can be found virtually everywhere on the island and they are cultivated even in remote
upland areas. Extensive small-scale farming systems are the prevalent type of
agriculture. Beside coconut palms, farmers cultivate a vastvariety of different crops on
their land - most common are banana, abaca, sweet potato and cassava. All these crops
are more or less frequently grown below coconut, sometimes interspersed with fruit
and timber trees.
In a case study on the impact of different cropping practices in coffee-based production
systems on biodiversity, Gillison et al. showed that expanding the sample base to include
gradient extremes of land use greatly improves the robustness of biodiversity indicators.
Thus, in my investigation I chose to spread 20 sampling sites along a
subjectivelyselected land use gradient ranging from sites set out to minimal human
impact (tree- and old coffee plantations) to highly managed monocropping systems
(pure banana and coconut plantations). The emphasis(12 out of 20 sampling sites) lies
on the complex multistory agroforestry systems, representing the intermediate
disturbance regime along the gradient.
For the purposes of this report I use the term land use type (LUT), based on the paper of
Gillison et al. 2004, to include both broader-scale timber plantation and coconut-based,
multi-strata systems, and the different cropping systems included under the latter.As
shown earlier in this report, agroforestry is a summary term that comprises agricultural
systems that differ widely from another in aspects of crop assemblage and human
impact.
Since the point of interest was the impact of different cropping practices on plant
diversity in the understory of coconut based agroforestry systems, only those
agroforestry sites were considered as suitable for sampling that (a) showed at least two
distinct canopy levels, e.g. banana under coconut (b) included trees taller than 2.5 m (c)
were the last weeding or burning of the undergrowth was carried out at least four weeks
ago.
On sites suitable for sampling I followed the working scheme for vegetation assessment
as described in detail in “A Field Manual for Rapid Vegetation Classification and Survey
for general purposes” from Gillison 2000.
The first step was to establish a 5 by 40m transect , preferably along a visible
topographic contour of the upper slope when the site was sloppy, using a 50m tape
measure to mark the stretch. Locating the transect along a contour tends to reduce
secondary effects of drainage patterns and elevation.
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Photos were taken from the starting- and the endpoint of the transect to capture a
visible impression of the research site.
For each transect the following variables were recorded:
Location

Location
Date
Plot Number

Physical aspects

Elevation
Aspect
Slope (percent)

GPS
Compass
Clinometer

Soil aspects

pH, Ntot, Corg
Litter depth

Soil auger
Ruler

Vegetation structure

Mean canopy height
Crown cover in percent
(total, woody and nonwoody)
Basal area
Cover abundance of crops

Clinometer
Estimation

Leaf size
Leaf inclination
Leaf chlorotype
Leaf morphotype
Life form
Growth form

Estimations according to
Gillison, 2006

Plant functional types
(Plant functional
elements recorded for
each herbaceous plant
individual on the plot,
except crops and trees)

Angle gauge
Estimation

Some of the measurements like the site physical features or the basal area are
independent of the plot size and reflect the more general conditions of the whole site,
whereas recording of PFTs and vegetation structural parameter were restricted to the
200m² of eachtransect.
In complex agroforestry system canopy height is difficult to measure. It proved to be
best practice to measure the highestand the lowest canopy units in the plot and then
using them as reference points for estimating the average canopy height.
Basal area was estimated by using the Bitterlich principle and is independent of the

plot size as it uses an infinite-radius approach. Measurements were taken at both ends
of the plot and in the middle with an angle gauge.
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Canopy cover was estimated as the total projected canopy cover of all plants as a

percentage of total ground area. The estimations were carried out for canopy and herbal
layer individually.
The soil samples were taken atthree points in the transect using a 20cm soil auger. The
three samples for each transect were composited and labeled directly in the
field.Samples were analyzed at the Soil Research, Testing and Plant Analysis Laboratory
(SRTPAL)of the Visayas State University, Baybay. PHwas measured in 1:1
CaCl2solution.The pH in CaCl² is usually 0,8pH lower than in water and gives a value
similar to that for natural soil solution. The Ca2+ ions to replace some of the H+ ions on
the soil particles, forcing the hydrogen ions into the solution in concentrations close to
what can be observed under natural conditions. Organic C was determined by WalkleyBlack method and the multiplied by 1.72 to obtain percent OM. Total nitrogen content
was measured using the Kjieldahl method.
PFTs (or functional modi) were recorded on the 200m² of the transect, using the

classification method developed by Gillison and Carpenter 1997 based on leaf traits, life
and growth form of individual plants. Later on, PFT data were entered and stored using
the public domain CIFOR VegClass (beta v. 1.5) Windows-based software package.
For the purpose of species identification I collected specimens and stored them between
newspapers, saturated with Ethane alcohol for later on identification with the help of a
botanist. I took clear close up photos of the bigger species that could not be collected
easily. I noted the fife most abundant species on each transect.

RESULTS
Location, land use type and site history are summarized in table 1.
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Site

Location

PO

Land Use Type

Age (y)

Disturbance

Time since
weeding (m)

YI01

Lunas, Maasin

Yiseda

Coffee Plantation, native variety

1

1

YI02

Lunas, Maasin

Yiseda

Coffee Plantation, native variety

12

1

YI03

Lunas, Maasin

Yiseda

MahoganyPlantation

20

1

YI04

Lunas, Maasin

Yiseda

Mahogany-Gmelina-Plantation

20

1

YI05

Lunas, Maasin

Yiseda

AF: Coconut, Abaca, Coffee, Fruit trees, Cassava

16

4

1

YI06

Lunas, Maasin

Yiseda

AF: Abaca, Fruit trees, Timber trees

13

4

2

YI07

Lunas, Maasin

Yiseda

BananaPlantation

4

4

2

CI08

Gabbas, Baybay

Cienda

AF: Coconut, Abaca

6

4

1

CI09

Gabbas, Baybay

Cienda

AF: Coconut, Abaca

5

4

1

CI10

Gabbas, Baybay

Cienda

Coconut

35

4

3

CI11

Gabbas, Baybay

Cienda

Coconut

20

4

1

MA12

Markos

Rainfo.:Fruit-/Timber trees, Pineapple, Cacao

16

2

AF: Coconut, Abaca, Cacao,

23

3

12

IM13

Imelda, Silago

KICFA

IM14

Imelda, Silago

KICFA

AF: Coconut, Abaca, Banana, Fruit-/Timber trees

12

4

1

IM15

Imelda, Silago

KICFA

AF: Coconut, Abaca, Banana, Fruit-/Timber trees

35

3

12

BA16

V.Magsaysay,Babatg.

CUFA

AF: Coconut, Banana, Fruit-/Timber trees

20

4

6

BA17

V.Magsaysay, Babatg.

CUFA

AF: Coconut, Banana, Fruit-/Timber trees,

30

4

3

BA18

V.Magsaysay, Babatg.

CUFA

Cassava

30

4

6

BA19

V.Magsaysay, Babatg

CUFA

AF: Coconut, Banana, Fruit-/Timber trees

25

4

2

BA20

V.Magsaysay, Babatg.

CUFA

AF: Coconut, Banana, Fruit- trees,Pineapple

40

4

2

F: Coconut, Banana, Fruit trees, Jatropha

TABLE 1: LOCATION, LAND USE TYPE AND SITE HISTORY; DISTURBANCE: NEVER-1, OCCASSIONALLY- 2, ONCE A YEAR- 3, REAPEATEDLY PER YEAR- 4
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VEGETATION STRUCTURAL FEATURES
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FIGURE 3: CANOPY COVER AND COVER OF HERBAL LAYER IN PERCENT OF TOTAL GROUND COVER

Not surprisingly, canopy cover is the highest in the two mahogany plantation sites and in
the coffee plantations since these sites show a more or less closed canopy. Whereas the
herbal layer under mahogany was very gappy and reached only approximately 15
percent ground cover, undergrowth in the coffee plantations was dense despite the
unfavorable light conditions. This indicates for good soil conditions and a fairly low
disturbance regime. These results are in accordance with the findings of other studies
thatalso observedrich understory vegetation under old shade coffee plantations
(Gillisonet al.2004; Tscharntke et al.2011).
Herbal layer on the agroforestry sites is constantly dense and usually higher than 90
percent ground cover. Good light conditions due to open canopy might account for this.
Nonetheless, for the purpose of this study it was necessary to choose only such sites
where the last weeding or burning of the undergrowth was carried out at least four
weeks ago. Therefore the database is biased towards sites with dense herbal layer and is
not representative for agroforestry sites in general. Many freshly established and
intensively maintained agroforestry fields showed very scarce or no undergrowth at all
due to high weeding intensity or burning.
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Asa more objective measurement for tree abundance than estimating canopy
cover(where overshading from coconut was included) serves the basal area. Despite its
simplicity it proved to be a robust measurement even in densely wooded and complex
vegetation where the observer may have to make allowances for 'hidden' stems(Gillison
2000). In comparison to other land use types, the basal area in agroforestry systems was
generally low, not exceeding 3 m2ha-1. Among all AF- systems basal area was highest in
Yiseda and Cienda.

m2 ha-1

Mean Basal Area
16
14
12
10
8
6
4
2
0

FIGURE 4: MEAN BASAL AREA

Trees compete with crops for resources as light, nutrients and water. Henceonly a
certain amount of standing woody biomass can be maintained on the field without
negatively influencing the yield. Results of a mean basal area of 6.5 m2 ha-1 in the coffee
plantations agree with the findings of Gillison et al 2004 that showed similar high basal
area in 8 year old shade coffee plantations.
Many native coffee varieties are tolerant against overshading and can be grown even
under dense canopies (Perfecto et al. 2003).
Some sites as the banana plantation and the two coconut plantations were zero
measures since no trees were included in the planting arrangements.

SOIL
Following results of the soil sample analysis reflect the conditions of the uppermost
20cm. Results in deeper soil layers can deviate significantly from conditions on the
surface. However, plant performance appears to be more closely associated with the
physico-chemical nature of the upper rather than the lower soil horizons (Gillison
2000).
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FIGURE 5: PH VALUE

The pH values of the samples range from 6.8(moderately alkaline) to 4.2 (extremely
acidic).
Highest pH values are found under the coffee plantations. Surprisingly, between the two
mahogany plantation results differ significantly: whereas site YI03 shows a relatively
high pH of 6,8 indicating that carbonate is still available in the soil, site YI04has a
strongly acidic pH of 4,3.There is still a lack of data according the influence of Mahogany
plantations on soil properties, but some results indicate that due to the heavy
degradable leafs of the Mahogany tree soil acidification could be accelerated (Lugo et
al.1990).
The sites in Po Yiseda generally show slightly higher pH values than the other research
areas, indicating carbonate containing parent rock material and young soils. The
geological map of Leyte Island confirms these assumptions by demarcating for the
Maasin area Pleistocene limestone as the prevalent parent rock material.Calcareous soils
in Leyte are often high in clay a content, which has led to classifications such as Maasin
Clay etc. in the Leyte soil survey by Barrera et al.1954. Nevertheless, it cannot be
excluded that differences in pH values among the sites in Yiseda are due to local smallscale shifts of parent rock material rather than revealing the effect of different land use
types.
Soils under agroforestry sites range from strongly acidic (5.4) to extreme acidic
conditions with pH values lower than 4.3. In such environments, Al contained in soil
minerals becomes soluble, resulting in a concentration increase of Al3+ in the soil
solution which has toxic effects on plants and soil organisms. Such conditions are typical
for the prevalent soil types in Leyte like Ultisols and Ferrasols (according to FAO soil
taxonomy scheme).They generate lowcrop yield due to extreme nitrogen and
phosphorus deficiency and the above mentioned Al toxicity.
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FIGURE 6: SOIL ORGANIC MATTER IN PRCENT DRY WEIGHT

The results of the soil organic matter analysis agree with those found in previous studies
of Asio et al 1998, who investigated soil conditions under different land use types in
Leyte and found that after forest conversion into agricultural land it is highly dependent
on the adjoining land use how much OM is lost after the conversion. OM content is
generally higher under forested land cover due to higher leaf litter production, as the
relatively high OM contents under coffee plantation and mahogany plantation confirm.
Again, the difference between the two mahogany sites is noticeable. Between pH and OM
content do exist indirect relationships, since the decomposition activity of soil
organisms is restricted under acidic conditions due to unfavorable living conditions.
Agroforestry sites in Baybay, Imelda and Babatgnon show low OM contents which can be
attributed to increased OM oxidation, losses from erosion and decreased quantity of
plant residues returned to the soil due to the frequent disturbance connected with
agricultural practices.

17

Nitrogen %
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0.7 0.7
0.6

0.5
0.4

0.4 0.4
0.3

0.3
0.2 0.2 0.2 0.2
0.2

0.1

0.2

0.2

0.2

0.1 0.1

FIGURE 7: TOTAL NITROGEN CONTENT IN PERCENT DRY WEIGHT

Total nitrogen content shows a similar trend already observed for the OM content. It
generally decreases in agroforestry sites. The two mostinfluencing factors for soil
organic matter content are the microbial activity (respiration, decomposition) and
import of organic matter in the soil (plant residues, fertilization with biological
materials).It is important to distinguish between total N content and plant available N
content. A large quantity (in agricultural soils usually over 95%) of the total nitrogen
content is fixed in microbial biomass and organic matter and is only on long range plant
available.
It is a general pattern that soils under forest show higher N contents than soils under
agricultural use, due to the high leaf litter production that increases the N mineralization
rate. Probably high N contents of the sites in Yiseda are again due to more favorable soil
conditions than at the other research sites.
In comparison to the soils investigated in the study of Asio et al 1998, nitrogen content
of the agroforestry sites in Baybay, Babatgnon and Imelda is low. Under these soil
conditions plant growth performance is very poor. This can explain the common
practice of burning the undergrowth of agroforestry sites every 2 to 3 years, which
releases the nutrient fixed in the vegetation back into the soil.
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PLANT FUNCTIONAL TYPES
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FIGURE 8: UNIQUE PLANT FUNCTIONAL TYPES PER PLOT

Total numbers for PFTsper plot range from 34 in the coffee plantation to 17 in one of the
coconut plantations. The latter was frequently objected to burning. This result indicates
again a strong relationship between disturbance regime, complexity of vegetation and
PFT richness.
Among the agroforestry sites numbers vary between 19 and 32 PFTs per plot. It is
difficult to tell if these differences are meaningful or not, since no comparable data do
exist in literature. To convert these results into a better interpretable form, diversity
indices can be applied.
Although diversity indices are traditionally derived from species abundance data,
Gillison et al. 2004 suggested that for logistic reasons it proved feasible to use PFTs
instead of species.
The Shannon-Wiener index is based on the proportional abundance of species (in this
case PFTs)and is widely used throughout publications on biodiversity(Magurran 2003).
It makes the two basic assumptions (a) that individuals are randomly sampled from an
infinitely large population and (b)that all species (PFTs) within the community are
included in the sample. In almost all surveys this is impossible to achieve and so it was
in this study. The error increases with a decline of the proportion of species (PFTs)
represented in the sample (Magurran 2003). Nevertheless the index can give an idea
about the general diversity differences between the sites.Usually the index values
usually shift between 1.5 and 3.5, only rarely exceed 4.5 (Magurran 2003).
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FIGURE 9: SHANNON INDEX VALUES DERIVED FROM UNIQUE PLANT FUNCTIONAL TYPES PER PLOT

When expressed as a diversity index, differences between the sites in the means of PFT
richness become less pronounced.
Results show overall quite high index values between 2.6 and 3.4, as was expectable for
habitats on the margin of tropical rainforest. Coffee plantations again show in
comparison to most agroforestry systems and to mahogany plantations high diversity of
PFTs.
Among the agroforestry sites no clear pattern can be observed and differences between
the sites are generally low. Interestingly, one of the pure coconut plantations differs
significantly from the other in means of PFT richness. This coincides with the
observations in the field, where blackened patches on the ground indicated for older
burning activities on site CI11, whereas site CI10 was only weeded.In general,
differences in the amount of biodiversity that is retained in different cropping systems
can often be explained with differences in the intensity of past and/or present
management regimes(Gardner 2009). Therefore the above shown index values for
agroforestry sites are more likely to reflect patterns of human disturbance rather than
other influences like soil conditions, light availability or crop assemblage. That does not
apply to the mahogany sites, where PFT index values are low despite low disturbance
regime. In this case competition for light is likely to be the reason that hinders the
establishment of diverse undergrowth vegetation.
The VegClass software also allows the calculation of a complexity measure called Plant
Functional Complexity (PFC) and is computed as total minimum spanning tree length of
all PFTs within a plot(Gillison 2000).The Idea behind the calculation of a complexity
measure is that composition rather than richness of PFTs or species determines
ecosystem behavior. Similar to a diversity index, the PFC simplifies the PFTs of one plot
to a single value that can be compared among sites.
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FIGURE 10: PLANT FUNCTIONAL COMPLEXITY INDEX

Basically the PFC values reflect the results derived by applying the Shannon index.
Interestingly, differences between the coffee plantations and the other land use types
appear less pronounced and the influence of disturbance is no longer clearly
distinguishable from other factors influencing the composition of PFTs. Here again, the
difference between the two coconut plantations becomesnoticeable, demonstrating that
even pure coconut stands can maintain a fairly high amount of complex undergrowth,
depending on the intensity of human impact (burning vs. weeding).
The PFC value of site AF15 seems exaggeratedly high in proportion to the other results.
Remarkably AF15 is the agroforestry site with the lowest disturbance regime where
weeding is carried out only once a year.
Conceivably the PFC measurement does more than other indices reflect the successional
stage of vegetation, since PFT composition is not only a result of physico-chemical
factors and disturbance but also the timely stage of “recovery” after the latter.
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DISCUSSION
Overall results support the hypothesis that human influence and therewith disturbance
regime (in other words land use intensity) are the prevalent factor influencing the
associated diversity in agricultural systems.
Low input systems as the coffee plantations show high PFT values and a complex
vegetation structure. On theopposite site of the gradient range the coconut
monocropping systems and the mahogany plantations with low PFT values. It remains
unclear if the different soil conditions in Yiseda are the main reason for the good results
under coffee.
Generally the transformation from low input systems (e.g. native coffee) to more
intensive agricultural practices is considered to go along with a deterioration of soil
conditions and a loss of functional diversity. The results of this study support this
hypothesis as did the findings of several previous studies on land use intensification in
tropical environments (Asioet al.2009;Marohn & Perfecto et al. 2003; Tscharntke et al.
2008; Gillison et al. 2004)
On smaller scale among the agroforestry sites no distinct diversity patterns became
clear. Despite poor soil conditions and low basal area (meaning few trees) compared to
conditions in Yiseda, sites in Babatgnon, Imelda and Cienda range equally high or higher
in terms of PFT richness, indicating again the interaction of multiple factors influencing
the amount of associated diversity found in agroforestry systems.
To disentangle more of the complex eco-physiological interactions determining the
diversity of PFTs in the herbal layer more studies carried out on a broader spatial and
temporal scale are desirable.
Problemsoccurring during fieldwork:
- I didn’t succeed in the task to identify objective criteria to categorize different types of
coconut based agroforestry systems for the purpose of this study. The systems found at
the POs differ widely in the amount of tress included in the cropping scheme, crop
assemblage as well as spatial arrangement and age of the components. Especially the
latter stated a substantial problem, since through the patchiness of the field in many
cases it was difficult to decide where to layout the transect to be representative for the
whole systems.
- The method itself includes some constraints to a randomly distributed and
independent sampling design, since the vegetation survey requires the existence of an
herbal layer. However, mostly in young and well maintained agroforestry systems the
weeding intensity is very high and sometimes they show no undergrowth at all. The
database therefore is biased towards rather neglected or low input systems that are
22

unlikely to be representative for the overall biodiversity conditions of agroforestry
systems.
- In the study from 2004 Gillisson et al. suggested the species/PFT ratio as an important
descriptor of functional diversity. The ratio shows the adaption of the plant individual to
the environmental conditions of the site and a high species/PFT ratio therefore goes
along with a high structural complexity of vegetation. Due to a lack of help from an
experienced field botanist, throughout the actual study I was not able to obtain species
specific data. To rely only on the PFT counting impairs the interpretability of the data as
representative for functional diversity.
- In my opinion the functional type concept generally holds a great potential for
biodiversity monitoring approaches. Nevertheless, the approach presented by Gillison
2000 that was applied in this study proofed not to be sensitive enough to reveal
biodiversity patterns among agroforestry systems. A current publication of (Lavorel et
al.2007) investigated different approaches of taxa free plant functional type
characterizations and found seed mass, aboveground biomass and vegetative height
rather than leaf traits potentially useful indicators for overall functional divergence in
agricultural habitats. Thus a methodology based on different traits and with a greater
sample base of randomly selected sites would have led to better interpretable results.
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