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ABSTRACT. Growing evidence suggests that constraints to the availability and quality of tree seed can undermine the success of forest
and landscape restoration efforts and the delivery of associated benefits such as mitigating climate change and halting biodiversity loss.
Past experiences to promote tree seed supply have frequently shown limited outcomes over time, partly because of unexpected, deleterious
dynamics that emerged from the interventions themselves. In this study, we used a dynamic system approach to understand the interrelated problems that constrain the supply of good quality and site-adapted tree seeds to meet smallholders’ and other stakeholders’
demand in Burkina Faso and the Philippines, and to identify leverage points for intervention. Causal loop diagrams were constructed
for each country, based on a framework of indicators of effective tree seed supply systems, literature review, semistructured interviews,
and expert validation. The diagrams illustrate the complex interactions between planned interventions and their expected and unexpected
effects that frequently lead to adverse outcomes. For example, the high turnover of forestry officers in municipalities to combat corruption
in Burkina Faso combined with limited resources to support smallholders undermined the officers’ ability to strengthen local capacities
in seedling production and sustainable forest management. In the Philippines, the imposition of rigid requirements for seedling survival
rates as a condition for funding, in the absence of adequate time and resources for the production of quality seedlings and monitoring,
resulted in exaggerated survival rates during reporting, which in turn hampered the detection and addressing of shortcomings. A
dynamic system approach can help stakeholders recognize the broader impacts of their actions and jointly identify appropriate
interventions, from developing more context-specific approaches to reconsidering investment criteria to balance benefits.
Key Words: forest landscape restoration; genetic diversity; smallholder involvement; system archetypes; system dynamics
INTRODUCTION
Restoration of tree cover has gained momentum in multilateral
environment agreements owing to its enormous promise for
mitigating both the global climate and biodiversity crises
(Alexander et al. 2011, Ciccarese et al. 2012, Pistorius and
Freiberg 2014). Assisted natural regeneration holds vast potential
to help scale up restoration efforts and promote biodiversity
conservation, because it is generally less expensive than active
planting and favors the establishment of native species (Chazdon
and Guariguata 2016). However, active tree planting is required
under specific habitat conditions, such as in sites with depleted
seed banks, impoverished soils, or to pursue specific
socioeconomic goals (Shono et al. 2007, Brancalion et al. 2016).
While countries strive to scale up forest and landscape restoration
(FLR), serious concerns continue to exist about the availability
and supply of high-quality seeds to meet planting needs
(Broadhurst et al. 2016). Tree seed supply refers to the collection,
production, distribution, and quality control of reproductive
material of trees, including seeds, seedlings, wildlings, and
vegetatively propagated materials (Nyoka et al. 2015). Limited
access to quality seed, including genetically diverse seeds or
improved material from breeding programs, as well as inadequate
matching of the right seed provenances to planting sites have
constrained success of smallholders’ tree planting in developing
countries. The use of inadequate seed sources and narrow genetic
diversity is pervasive (Jalonen et al. 2018), jeopardizing the longterm survival, productivity, adaptive capacity, and future
reproductive success of restored tree populations (Alfaro et al.
2014, Thomas et al. 2014, Roshetko et al. 2018).

1

Past interventions to address seed availability and quality in
restoration efforts have sometimes led to unexpected outcomes.
For example, distributing free seedlings produced outside of the
interventions areas or establishing project nurseries can
undermine the development of local seedling markets (Graudal
and Lillesø 2007, Roshetko et al. 2018). In Brazil, imposing legal
requirements on species diversity and seed source accreditation
for nurseries unintentionally impeded small seed producers’
access to formal seed markets because of elevated costs (de
Urzedo et al. 2019). Lack of knowledge and awareness of the
benefits of quality seeds may reduce people’s willingness to pay
for premium seeds and at the same time disincentivize seed
collectors from applying good seed selection criteria (Roshetko
et al. 2008, Cornelius and Miccolis 2018). The ambitious FLR
targets around the world may increase the likelihood of meeting
seed demand through quick fixes that may not increase the
availability or use of good quality seeds in the long term.
Dynamic system approaches help understand and address
feedback effects, delays, and properties of a given system arising
from the interaction of multiple variables that could not be
detected if the same variables were observed in isolation (Liu et
al. 2007, Zexian and Xuhui 2010). Through these approaches, it
is possible to track patterns in variable dynamics that can be
associated with intended actions and unintended results and are
common to many systems, known as system archetypes (Senge
1994). Identification of system archetypes helps diagnose root
causes of undesirable outcomes of dynamic systems and identify
appropriate solutions (Wolstenholme 2003). Through the creation
of models that integrate different perspectives and sources of
information across disciplines (Forrester 1971, Hjorth and
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Table 1. Characteristics of forest resources and organization of tree seed supply in the two countries examined.
Characteristics

Burkina Faso

Philippines

Restoration commitments
Remaining forest area
Geography
Climate
Influence of the international timber trade

5 Mha by 2030 (18% of the country area)
5.35 Mha (19,6%)
Landlocked country
Semiarid
None

Leading implementers of forest and landscape
restoration efforts

Civil society; projects primarily funded/
implemented by international players and
smallholders
Centralized, led by the National Tree Seed Centre
Existing legal requirement, but not yet
implemented
The National Tree Seed Centre distributes seeds
through intermediaries (e.g., NGOs, Forest
Department); at the same time, a large number of
smallholders collect local seed on their own

7.1 Mha by 2028 (20% of the country area)
8.04 Mha (27%)
Archipelago
Tropical
Switched from a net exporter to net importer in the
1970s because of a reduction of forest cover
(Grainger and Malayang 2006)
The government through the Enhanced National
Greening Program; and farmer groups

Research on forest genetic resources
Certification system for tree seed sources
Organization of the seed supply system

Bagheri 2006), dynamic system approaches can support
multistakeholder communication and decision making, and
improve stakeholders’ understanding of the outcomes of their
actions (Doyle and Ford 1998, Hirsch et al. 2007, Nicholson et
al. 2020). Dynamic system approaches also allow simulating the
evolution of a system over time. This approach has frequently
been used to help improve ecosystem management strategies and
interventions, for instance, to analyze deforestation dynamics in
the Amazon (Portela and Rademacher 2001), water scarcity in
Australia (Sahin et al. 2015), dissemination of high-quality crop
seed in Uganda (Reinker and Gralla 2018), and sustainable
agricultural development in Ghana (Banson et al. 2016).
Here, we apply the dynamic system approach to study how tree
seed supply could be improved to support FLR commitments in
developing countries, mainly through greater participation of
local community members. Drawing on extensive data from
Burkina Faso and the Philippines, both of which have set large
national targets for FLR, our objectives were to (1) describe the
interacting elements and underlying dynamics in seed supply
systems in the two countries, and (2) identify leverage points to
improve the supply of and demand for diverse, quality tree seed
in FLR. We discuss lessons learned from the two case studies and
their applicability to other contexts.
METHODS
Case studies
Burkina Faso and the Philippines share similar quantitative
targets for FLR, but they face different challenges owing to their
environmental characteristics and how their tree seed supply
systems are organized (Table 1). In Burkina Faso, FLR is mostly
carried out by local, national, and international actors and the
state plays a coordinating role. Smallholder farmers and
nongovernmental organizations (NGOs) are expected to play a
major role in reaching national FLR targets, including through
sourcing their planting material. On the other hand, some projects
and NGOs have been buying seeds from the National Tree Seed
Center (Centre Nationale de Semences Forestières, CNSF), which
also acts as the primary research institute on forest seeds and

Fragmented among different institutions
Seed producer accreditation schemes, but weak
implementation (Gregorio et al. 2017)
The Forest Department produce seedlings in
regional nurseries and pays community
organizations to produce seedlings

genetic resources in Burkina Faso. The seed supply system has a
mix of characteristics: an independent model, where FLR actors
independently organize seed supply to meet their needs, and a
state-run model, where the government is responsible for all
aspects of seed supply to meet national commitments (Atkinson
et al. 2018). In the Philippines, the state plays a significant role in
funding and implementing the FLR efforts. Nationwide forestry
programs, including the enhanced National Greening Program
for forest restoration (eNGP, 2017-2028), source some of the seed
needed from smallholders and farmer groups through supply
contracts, while the rest of the seed is produced by the Forest
Department (Gregorio et al. 2017). The system represents a mix
of a state-run seed supply model and an incentives-led model,
where networks of independent actors respond to government
incentives for producing seeds (Atkinson et al. 2018).
Problem framing and causal loop diagram construction
Causal loop diagrams were constructed for each country to
identify factors that prevent or enable a “fit-for-purpose” tree seed
supply, i.e., a system where seeds of diverse species are available,
adapted to local growing conditions and end-users’ needs, and
can adapt to future climatic conditions (Atkinson et al. 2018).
Key components of the diagrams and related terms are explained
in Tables 2 and 3. To include all dynamics related to seed
production and use within the boundaries of our analysis, the
diagrams were constructed at the national scale, including aspects
of national policies and findings from field research from
literature and authors’ own work (e.g., Valette et al. 2019). The
resulting causal loop diagrams do not necessarily represent any
specific context within the two countries, but rather an array of
dynamics whose presence and importance may vary across
contexts. Some localized dynamics were included as examples of
“bright spots” that may offer valuable lessons on how to
strengthen positive feedback loops (Biggs 2007).
The diagrams were developed through a five-step approach (Fig.
1). First, a conceptual framework was designed to ensure all
critical aspects were included. To assess the ability of tree seed
supply to meet the demand for FLR efforts, we used a set of 15
indicators developed and applied in seven Latin American
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Table 2. Glossary of the terms used in this article.
Terms

Definitions

Causal loop diagram

Visual representation of the links between feedback loops and isolated variables, enabling the dynamics of the
variables and the potential effects of interventions to be inferred
Attributes of functional tree seed supply systems identified by Atkinson et al. (2018), systematically examined during
literature review to identify strengths and weakness of tree seed supply for forest landscape restoration (see Table
A1.1)
Factors influencing seed supply or demand, which can vary in extent or intensity; basic components of the causal
loop diagram
Relationship between two variables evolving in the same direction (if one variable increases, the other increases too);
basic elements of the causal loop diagram
Relationship between two variables evolving in the opposite directions (if one variable increases, the other decreases);
basic elements of the causal loop diagram
A group of variables connected as a loop, so that each variable is both a consequence and a cause of other variables
Feedback loops composed of variables strengthening each other so that they continually grow or decline over time
Feedback loops composed of antagonist variables, so that they stabilize or stagnate over time
Group of feedback loops around a similar theme

Indicators

Variables
Similar relationship
Opposite relationship
Feedback loop
Reinforcing feedback loop
Balancing feedback loop
Thematic section

countries by Atkinson et al. (2018). The authors identified five
conditions for having functional fit-for-purpose seed supply: (i)
the selection of appropriate species for planting and seed sources
is supported by scientific information; (ii) (improved) planting
materials of representative subsets of native species and seed
sources from all ecosystems in the country are being collected;
(iii) there is a demand for, and access to, a variety of planting
material of native species; (iv) an effective quality control system
exists; and (v) a favorable enabling environment is created, with
appropriate legislation, which supports funding opportunities
and capacity building. Given the emphasis in national policies
and strategies in both countries on the need to involve
smallholders in FLR efforts (MEEVCC 2010, DENR 2015), five
indicators reflecting this aspect were added, bringing the total
number of indicators to 20 (Appendix 1, Table A1.1). The
additional indicators were related to (i) income opportunities for
local communities, (ii) stability of seed demand, (iii) access to
knowledge and markets by producers, (iv) capitalization on past
experiences, and (v) continuity of interventions.
Data on the indicators were gathered through an in-depth
literature review and interviews and surveys targeting FLR
stakeholders in the two countries. Causal loop diagrams were then
created using Kumu software (https://kumu.io). Variables were
organized in feedback loops based on evidence of how they related
to each other. The feedback loops were then grouped thematically
to facilitate the interpretation of the diagrams.
The resulting causal loop diagrams were reviewed by FLR
stakeholders and researchers from the two countries. Feedback
was collected from 12 stakeholders (Fig. 1), some also involved
in the initial steps of model design. Using the causal loop diagrams
as heuristic, respondents described patterns of stakeholder
involvement, issues, viable solutions, and experiences from past
restoration initiatives, bringing a perspective that is usually not
well captured in the scientific literature. Finally, once the causal
loop diagrams were finalized, system archetypes and their
corresponding potential leverage points were identified in each
diagram (Table 3; Senge 1994; W. Braun 2002, unpublished
manuscript, https://www.albany.edu/faculty/gpr/PAD724/724WebArticles/
sys_archetypes.pdf).

RESULTS
In Burkina Faso, nine thematic sections were identified in the
causal loop diagrams, representing the broader dynamics that
affect the quality and availability of, and access to, tree seed and
seedlings for restoration: (i) centralization of seed production; (ii)
civil society support to tree planters; (iii) farmer nursery networks;
(iv) preference for exotic species; (v) the quality of the planting
material used; (vi) short project funding cycles; (vii) competition
for forest resources versus collaborative actions; (viii) emphasis
on law enforcement versus promoting compliance; and (ix)
enforcing forest protection to prevent further degradation.
In the Philippines, eight thematic sections were identified: (i)
congruence between goals and funding; (ii) resourcing of local
government officers; (iii) sustainability of people’s organizations;
(iv) conservation of natural seed sources; (v) preference for exotic
species; (vi) private nursery sector; (vii) central regional nurseries;
and (viii) local knowledge diffusion.
A detailed description of the thematic sections can be found in
Appendix 2 (Table A2.1) and of the information sources used in
Appendix 3. A complete visualization of the causal loop diagrams
are available for Burkina Faso at https://embed.kumu.io/
b260c9f20c884628a62096891f8a657e and for the Philippines at
https://embed.kumu.io/5fb9a2720dd3698a4eb66315341eaaee. Six
of the thematic sections are described in further detail below,
representing both dynamics specific to each country, and
dynamics that were common to both countries and likely to be
relevant in a broad range of geographical contexts.
Examples of dynamics in Burkina Faso
Attitude of the Forest Department
Forest Department officers represent an important link between
national policies and their local implementation, but their limited
capacity regarding quality seed production (Fig. 2, loop 1) and
their short residency in each community (Fig. 2, loop 4) constrain
their ability to effectively support smallholders in tree planting
(Fig. 2, loop 3). According to the rules of the Forest Department,
officers can be posted in each community for a limited time only,
in an attempt to combat corruption. Typical consequences of
these constraints are: "
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Table 3. Archetypes identified in the causal loop diagrams and their proposed solutions (Senge 1994, Braun 2002).
System archetype

Generic patterns of behavior, over time, of variables in a dynamic system, where unintended consequences
appear after a delay. Archetypes are symptomatic of deeper issues within the systems. The following are all
different system archetypes.

Growth and underinvestment

A system where growth can, at the beginning, be reached with a limited initial investment, but quality then
stagnates and declines without further investments. Solutions consist of changing how decisions for investments
are made and providing up-to-date and relevant information.
The actions of one actor are perceived as a threat by another, who will overreact in response. Solutions consist of
enabling a shift from competition between actors to cooperation.
Simple solutions addressing the symptoms of a deep issue are implemented, but the primary problem is ignored
because addressing it is more complex. Solutions consist in exploring the issues from a different perspective,
identifying the causal factors and implementing appropriate solutions.
Individuals overexploit a common pool of resources for short-term individual benefits and overlook or ignore
the cumulative consequences of each individual’s actions on it. Solutions consist of minimizing negative effects
of short-term individual rewards on the sustainability of common pool resources in the long term.
A quick-fix solution to a problem works initially but creates deleterious effects over time and may worsen the
situation. Solutions consist in recognizing the ineffectiveness of the fix tried, identifying the causal factors, and
finding and applying appropriate solutions.
A limiting factor is initially not constraining growth, but over time ends up preventing further improvement.
Solutions consist in identifying the pressure that is building up with growth and finding solutions to relieve this
pressure.
A person or a group receives more resources than others from the beginning, gains a competitive advantage and
tends to be favored over time. Solutions consist in identifying how resources are distributed among people or
groups and applying measures to encourage collaboration instead of competition.

Escalation
Shifting the burden

Tragedy of the commons

Fixes that fail

Limits to success

Success to the successful

1. Forest officers interact with only a few people in each
community during the development of forest management
plans (Fig. 2, loop 1). This asymmetry creates tensions
between smallholders and reinforces overexploitation of
common forest resources (Fig. 2, loop 5). This dynamic
strengthens the focus of the Forest Department on
repression rather than supporting smallholders, reducing
community members’ trust in forest officers (shifting the
burden)."
2. Limited advice is given to smallholders on silvicultural
techniques (Fig. 2, loop 2), constraining their income
opportunities from tree planting. Smallholders receive little
guidance on the importance of seedling quality and on best
practices for seed collection and seedling production (Fig.
2, loop 6), resulting in declining interest to seek advice from
forest officers."
3. Smallholders see little benefit from registering as nursery
owners with the Forest Department, which reduces their
interest to approach the Department (Fig. 2, loop 3.) but
also excludes them from receiving assistance. This hinders
both the development of an information system of private
nurseries that would benefit from government support, e.g.,
capacity strengthening and seed orders by government
projects, and the application of quality control measures.

Organization of seedling producers into networks
The difficulties faced by small-scale seedling producers in
ensuring long-term profitability of nurseries, due to the small size
of their business and their scattered customers, has led seedling
producers in the Central Region of Burkina Faso to create
informal networks (Fig. 3, loop 2). In this way, nursery owners
support each other by sharing knowledge, collaborate in
responding to small orders of seedlings for different species by
scattered customers, and derive more profits: "

1. Seedling producers have access to multiple sources of
information on seed production, including forest officers
and other smallholders, and experiment on their own.
Networks of seed producers are often led by nodal
smallholders who are more experienced in seed production,
sometimes have benefited from formal training, and help
other network members with tree planting and nursery
activities (Fig. 3, loop 2). Information sharing extends
beyond the network and can help other smallholders access
the knowledge necessary to venture into nursery activities.
These knowledge exchanges foster good cooperation among
producers."
2. Having groups of seedling producers organized in informal
networks as counterparts makes it easier for NGOs and
other FLR agents to distribute support effectively, for
example, reinforcing capacity on nursery management and
seed harvesting or preordering planting materials (Fig. 3,
loops 5 and 6). Thanks to their increased capacity and an
improved planning of seedling production, the nurseries
become reliable sources of planting material for FLR
projects. Moreover, increased capacity likely results in a
higher quality of the planting material used, improving
chances of success of FLR interventions and demonstrating
the benefits of employing good quality planting material
(Fig. 3, loop 7)."
3. Seedling producers can cooperate in sharing information on
tree seed sources, collecting seed, ordering seed in bulk from
distributors and exchange seeds (Fig. 3, loop 2). These
activities reduce the time required for seed collection and
enable producing seedlings for more species, thus allowing
seedling producers to become reliable suppliers and increase
the orders they handle (Fig. 3, loop 4). Collective seed
sourcing also results in pooling of seed from many parent
trees, enhancing intraspecific diversity in seed lots, especially
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Fig. 1. Stepwise approach for the development and analysis of causal loop diagrams. More details on the sources of information
used can be found in Appendix 3. The number in brackets represent the number of stakeholders interviewed.

if network members have received relevant training and
apply seed collection guidelines (Fig. 3, loop 7)."
4. Individual seedling producers who participate in a network
are better able to fulfil customers’ orders by collaborating in
seed collection and production; this reduces the need for
potential customers to produce seed themselves if they can
pay (Fig. 3, loop 3). Being part of a network also enables
individual seedling producers to specialize in handling fewer
species, thus reducing financial risks linked to production.
Examples of dynamics in the Philippines
Allocation of funds under the enhanced National Greening
Program (eNGP)
The strong commitment to FLR in the Philippines is implemented
through the eNGP. Available funds are channeled to implementers
through the Department of Environment and Natural Resources
(DENR), which oversees program planning, implementing, and
monitoring. DENR central offices decide on budget allocation
and program design (Fig. 4, loop 3). This decision-making
structure creates several constraints: "
1. The ambitious FLR targets require large quantities of seed,
but insufficient budget is allocated to ensuring quality
control. This results in infrequent audits and frequent use
of low-quality seed from nonaccredited seed producers (Fig.
4, loop 5), which in turn hinders the success of long-term
restoration (growth and underinvestment)."

2. Insufficient funding is allocated to strengthening the
capacity of people’s organizations (POs) that are expected
to produce part of the seeds required by the eNGP, because
of the assumption that enough capacity in this area was
already developed through past forestry training programs.
This weakens local communities’ ability to produce the highquality seedlings needed for the eNGP and sustains DENR’s
need to continue sourcing them from elsewhere (Fig. 4, loop
7, growth and underinvestment)."
3. Lower administrative units within DENR are excluded from
decisions on fund allocations (Fig. 4, loop 2). This results in
insufficient financing for consultations with local
communities during the planning and a limited use of local
knowledge about seed collection (Fig. 4, loop 1). DENR has
introduced size requirements for seedlings to be used in the
eNGP (≥ 30 cm of height, ≥ 5 mm base diameter, and ≥ 6
leaves) to reduce seedling mortality. However, poor program
planning and late orders from DENR to local communities
have led to extensive use of wildlings to meet size
requirements. The root system of wildlings is often damaged
during collection, which, together with a short recovery time
in nurseries before planting, can lead to poor growth (Fig.
4, loop 8, fixes that fail)."
4. DENR distributes free seedlings of the same species as those
produced by communal and private nurseries, undermining
the sustainability of local seedling markets, preventing the
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Fig. 2. Section of causal loop diagram on the dynamics linked to the role of the Forest Department in tree seed supply in Burkina
Faso. The labels in bold indicate the names of the feedback loops. The continuous green arrows correspond to the similar
relationship between variables (when one variable increases, so does the other), and the red dashed arrows correspond to inverse
relationship (when one variable increases, the other decreases). Some elements have been excluded from the figure for clarity. The
complete map is presented in https://embed.kumu.io/b260c9f20c884628a62096891f8a657e, and explanations of feedback loops are
included in Appendix 3.

emergence of a profitable private nursery sector independent
from eNGP funding, and creating local shortages of seed
(Fig. 4, loop 6, shifting the burden)."

members. The difficulties faced by PO leaders in maintaining
cohesion can undermine their capacity and long-term
interest to lead (Fig. 5, loop 1, limits to success)."

5. Strict requirements set by the Forest Department’s central
office for minimum seedling survival rates (≥ 85%), as a
precondition to funding disbursement, lead to the reporting
of inflated survival rates. This hinders learning from past
experiences to understand success factors in implementation,
seed quality being one. The subsequent failures encourage
DENR to impose minimum survival rates on local
implementers (Fig. 4, loop 4, fixes that fail)

2. Lack of long-term income prospects results in the members
leaving the PO over time, especially those who are unable to
bear the opportunity costs. The few remaining members take
hold of the decision-making power. When new funding
opportunities emerge, they tend to employ other
smallholders as workforce instead of sharing the benefits
equally among all PO members, undermining future
collaboration opportunities (Fig. 5, loop 2, fixes that fail)."

Sustaining the long-term functionality of people’s organizations
Maintaining the functionality of the POs in the long term, to
ensure restoration and long-term management of forests, has
proven difficult because of several interrelated issues: "

3. The lack of cooperation between PO members reduces
possibilities to reach private sector and other clients beyond
the eNGP. PO income depends on funds from state
programs, and their generally short duration prevents the
development of capacities in seed production and marketing
(Fig. 5, loops 3 and 4, shifting the burden)"

1. Opportunities to access public land for income generation
from seedling production and tree planting attracts
smallholders to participate in PO, but large groups require
strong leadership for an effective cooperation among

4. Lack of long-term PO membership hampers opportunities
for collaborative learning from past experiences and cripples
the trust of DENR in PO. This leads to fewer contract
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Fig. 3. Section of causal loop diagram representing the dynamics seedling producers organized into networks, in Burkina Faso. The
labels in bold indicate the feedback loops. For the interpretation of the symbols please refer to the caption of Figure 2. Some
elements have been excluded from this figure for clarity. The complete map is presented in https://embed.kumu.io/
b260c9f20c884628a62096891f8a657e, and explanations of feedback loops are included in Appendix 3.

opportunities for POs for activities associated with the
eNGP and reduced long-term funding (Fig. 5, loop Ff5).
Predominance of exotic species in tree planting
In both case study countries, exotic tree species represent a large
proportion of the trees used in restoration efforts (see Appendix
2, Table A2.1). Early investment in exotic species has created a
“success to the successful” dynamic to the detriment of local
species; for exotic species improved seed sources exist, seed
collection and seedling production are more profitable, and seeds
are available to smallholders, as we illustrate below.
In Burkina Faso, exotic tree species (e.g., Eucalyptus
camaldulensis, Mangifera indica, Anacardium occidentale) have
been used for various benefits (Appendix 1, Fig. A1.1). The main
motivation for tree planting is economic gain: smallholders are
generally willing to pay premium prices for high-quality seed of
high-value species such as fruit trees. Still, they are reluctant to

do so for species for which there is less evidence on the relationship
between seed quality and the quality of the harvested products.
Consequently, seedling producers focus on well-known, easy-togrow and often exotic species for which an important market
exists. There are also cultural constraints against planting native
tree species, some of which are believed to be inhabited by spirits.
Pressure on natural populations of valuable nontimber forest
product (NTFP) species is maintained partly because of the
limited planting efforts for these species. This also means limited
seed availability for valuable native tree species compared to exotic
species.
In the Philippines, similar contrasts exist between the availability
of seed of exotic and native tree species. Seed demand is driven
by income opportunities related to the industrial market for
timber, which has often been met by planting exotic tree species
(Appendix 1, Fig. A1.2). Perceived benefits from existing
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Fig. 4. Causal loop diagram of the dynamics linked to the allocation of funds for the enhanced National Greening Program (eNGP)
in the Philippines. The labels in bold indicate the feedback loops. For the interpretation of symbols, please refer to the caption of
Figure 2. PO: people’s organization; DENR: Department of Environment and Natural Resources. Some elements have been
excluded from the figure for clarity. For the complete map, refer to https://embed.kumu.io/5fb9a2720dd3698a4eb66315341eaaee,
and explanations of feedback loops are included in Appendix 3.

plantations influence the species choice of smallholders; hence
they usually prefer exotic species, including Acacia mangium,
Gmelina arborea, and Swietenia macrophylla. Past research efforts
have focused on the development of improved seeds and
silviculture techniques for commonly used exotic species, further
boosting their productivity. In contrast, research on native species
has been scarce. This widens the comparative advantage in favor
of exotic trees. Moreover, the lack of adequate seed sources for
native tree species and irregular fruiting leads to the collection of
wildlings, whose survival is often compromised by transplanting,
which only increases the gap in profitability between native and
exotic species.
Conservation of seed sources
In both countries, choices around forest governance and
management are critical to determine the future of the remaining
forest resources, including seed sources of native trees, which
could either be protected through community involvement or
continue to be overexploited (tragedy of the commons, see
Appendix 2, Table A2.1).

In Burkina Faso, the scarcity of forest resources and lack of trust
between smallholders in the management of common-pool
resources weaken the application of customary laws on harvesting
forest products and lead to overexploitation of the resources,
which then further reduces trust among smallholders (Appendix
1, Fig. A1.3). Overexploitation tends to concentrate on the most
valuable species, significantly limiting their seed availability. With
the reduction of forest cover, land uses incompatible with natural
regeneration of trees, e.g., pastures, mining, and cultivation of
cash crops, can offer profitable alternative income opportunities
but often lead to soil degradation further constraining natural
regeneration. On the other hand, FLR can be seen as a solution
to soil degradation and promoting tree establishment can occur
also through farmer-managed natural regeneration. However,
this practice may be constrained by the workload and materials
required.
In the Philippines, pressures on forest resources result partly from
a nationwide shortage of industrial wood (Appendix 1, Fig. A1.4).
The DENR could impose strict regulations on logging and tree
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Fig. 5. Causal loop diagram of the dynamics linked to the long-term efficiency of people’s organizations in the Philippines. The
labels in bold indicate the feedback loops. For the interpretation of symbols, please refer to the caption of Figure 2. PO: people’s
organization; DENR: Department of Environment and Natural Resources. Some elements have been excluded from the figure for
clarity. For the complete map, refer to https://embed.kumu.io/5fb9a2720dd3698a4eb66315341eaaee, and explanations of feedback
loops are included in Appendix 3.3. Examples of dynamics common to both case studies

planting, but if the registration process for smallholders to
participate in the formal wood supply sector proves to be difficult,
smallholders may start to operate as timber buyers without official
registration, which reduces the traceability of traded timber and
fosters illegal logging.

dynamics were developed exclusively drawing on local-scale
evidence (Peters et al. 2007). This enabled illustrating how
national policies can influence seed production locally and how
smallholders’ characteristics and behavior can influence the
implementation of national policies.

DISCUSSION
The dynamic system approach enables a comprehensive overview
of tree seed supply, integrating institutional, legislative, financial,
social, ecological, and genetic aspects, and illustrating their
complex interconnections. The resulting causal loop diagrams
help gain clarity on unexpected or undesirable effects of
interventions on the system. This approach is problem-oriented
and aims to reflect and balance the perceptions and points of view
of various stakeholders on shared issues. Two measures were
taken to increase the robustness and relevance of the modeling:
(i) using a framework of indicators to guide a systematic search
of information (Atkinson et al. 2018), and (ii) involving diverse
stakeholders in the interviews, to integrate different perspectives
(Martinez-Moyano and Richardson 2013). Some feedback loops
that reflected interactions between fine- and broad-scale

In Burkina Faso, while the National Tree Seed Center can deliver
high-quality seeds for forest restoration initiatives, smallholders
rely mostly on informal seed sources (Valette et al. 2019). Private
nurseries had the potential to provide cheap planting material to
smallholders in remote areas but faced many challenges including
the lack of seed sources, inadequate seed collection guidelines,
limited knowledge about nursery management, and scattered
customers each purchasing only a few seedlings per species
(Graudal and Lillesø 2007, Lillesø et al. 2011). Government
institutions can contribute to creating an enabling environment
for private nurseries through disseminating high-quality seeds
through extension agents and generating demand for planting
material through agroforestry or forest restoration programs
(Nieuwenhuis and O'Connor 2000, Akinnifesi et al. 2006,
Tchoundjeu et al. 2010, He et al. 2012, Lillesø et al. 2018). Official
registration of private nurseries could benefit the smallholders
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involved, for example through fostering sharing of information
among stakeholders in the seed supply chain. However,
smallholders interested in planting trees and nursery owners are
reluctant to formalize their activities because they are concerned
about potential legal constraints, such as increased controls and
taxes (Germano et al. 2007, Lua et al. 2015). This dynamic is
similar to the shift to the burden system archetype, in which the
Forest Department tends to focus more on controlling
smallholders’ actions rather than on establishing a collaborative
relationship that would encourage compliance with the law. The
situation could be improved if the Forest Department provided
technical advice on nursery management and silviculture, ensured
access to high-quality seed of native tree species for nursery
owners, or subsidized smallholders in purchasing native tree seed.
This dynamic could foster demand for high quality seed of native
species (Meijer et al. 2015). The low rate of nursery registrations
has been identified as a critical bottleneck also in several countries
in Latin America (Atkinson et al. 2018). The authors
recommended exploring options for consumer-driven approaches
to motivate and expand nursery registration.

underfunding of capacity strengthening activities for
smallholders on tree planting and nursery management, based on
an assumption that previous capacity strengthening activities
were successful. Delegating decision making about FLR
initiatives to local administrative levels would enable adapting
interventions to local contexts. Insights from community forestry
programs indicate that fine-scale adaptation of rules and collegial
decision making yield better results than centralized decision
making and authoritarian implementation (Nayak and Berkes
2008, Persha and Blomley 2009, Cronkleton et al. 2012). Similarly
to the findings from Burkina Faso, these results suggest that local
forestry officers could play a much larger role in catalyzing and
supporting smallholders’ FLR efforts if they were given more
resources, authority, or both.

Mutual support between nursery owners can increase their
commercial success and the quality of planting materials
produced (Muriuki 2005, Catacutan et al. 2008). Through
associations smallholders can more easily access economies of
scale, achieve higher bargaining power, increase germplasm
quality, and handle a greater diversity of tree species (Dawson et
al. 2009, Markelova et al. 2009, Abizaid et al. 2016). The evolution
of institutional arrangements whereby seedling producers are
accountable for their own income-generating activities while
supporting each other depends on their mutual trust and
cooperation, which in turn are affected by the group size and the
competitiveness in the tree nursery business (Poteete and Ostrom
2004). This reminds us that there are “limits to success” system
archetype (Senge 1994). Evidence from agroforestry systems
shows that dissemination of knowledge and seed among
smallholders often follows a core-to-periphery structure: a core
group of smallholders acquires knowledge from formal sources,
exchanges advice, experiments, and disseminates knowledge to
other smallholders (Isaac et al. 2007, Abizaid et al. 2016). This
might also be a cost-efficient strategy to disseminate knowledge
on tree planting and nursery management. Mentoring
relationships between new and experienced nursery owners in a
group of nursery owners can help maintain continued
cooperation even as the number of nurseries grows.

In contrast to the nursery owners in central Burkina Faso, who
self-organized to overcome business constraints in seed supply,
smallholders in the Philippines were grouped in POs to facilitate
distribution of state funds to them. However, government-led
collective action implemented through formal or informal
associations where decision-making power is unbalanced and
whose members are influenced by external agents does not
necessarily lead to cooperation and trust (de Vente et al. 2016,
Reed et al. 2018). Moreover, donation of free seedlings by the
DENR undermines market demand for seedlings, which limits
the opportunities for PO nurseries to become independent of state
support. These dynamics correspond to a “shift the burden”
archetype (Senge 1994), as short-term availability of seedlings is
prioritized over long-term development of the nursery sector.
Interventions should focus on building stronger synergies
between government-facilitated seed supply and operations of the
POs. If seedling donations to smallholders are considered
necessary to encourage tree planting, POs should be in charge of
production, instead of government nurseries, and should be
compensated for this by the DENR. This would allow bridging
through government funding the gap between the market price of
seedlings and smallholders’ purchasing power, and POs could
assume responsibility for upscaling the production of planting
material and hence turn it into a sustainable business (Cornelius
and Miccolis 2018). To support the development of the nursery
sector, the government could also focus on strengthening the
capacities of PO members in nursery management. Regular
training sessions have proven successful in ensuring the adoption
of best practices in nursery management (Böhringer and Ayuk
2003, Tchoundjeu et al. 2006, Roshetko et al. 2013).

In the Philippines, ambitious time-bound FLR targets combined
with existing limitations in the seed supply system, especially for
native tree species, have led to the implementation of a centralized
approach to quickly build up a large seed supply, which resembles
the “growth and underinvestment” and “fixes that fail” system
archetypes (Senge 1994). The success of FLR initiatives is
measured through survival rates of seedlings planted, which are
often misreported by stakeholders to access state funds. By using
only short-term seedling survival rates to measure success, longterm drivers of sustainable FLR initiatives, such as
socioeconomic factors, are completely neglected (Le et al. 2012).
The lack of reliable information on the effectiveness of FLR
interventions prevents the Forest Department from identifying
bottlenecks in the implementation of the eNGP and using
corrective actions. One major implication of this is the persistent

In both countries, exotic tree species were preferred for tree
planting because of their availability and productivity, resulting
in higher income for smallholders and profit for the industrial
sector (Abiyu et al. 2016, Iiyama et al. 2018). This in turn results
in higher investment in developing silvicultural guidelines and
improving planting material for exotic species at the expense of
native species. Similar trends have been reported in Latin
American countries (Atkinson et al. 2018). However, using exotic
species in FLR brings limited biodiversity benefits, compared to
native species (Bremer and Farley 2010). Wider use of native
species in FLR could be effectively promoted by redirecting public
funding toward improving demand for and supply of their
planting material, especially as popular exotic trees often already
benefit from private sector investment. Government nurseries
could focus on producing planting material of lesser-known
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native species, establishing guidelines for planting and rotation
cycles to increase productivity, demonstrating the potential of
native species and fostering their use in FLR interventions and
other planting initiatives (Graudal and Lillesø 2007, Garen et al.
2009). The production of such species could later be transferred
to private nurseries that often lack the operational and financial
means to invest in scaling. Atkinson et al. (2018) highlighted the
need to compile and make widely available knowledge on the
ecology and uses of native species, which is currently fragmented
across various sources and stakeholders, from local communities
to academia and different government departments. Because tree
productivity and seed availability strongly influence smallholder
planting preferences, improvements that address these aspects
could favor the adoption and use of native tree species both by
smallholders on their own lands and large-scale FLR initiatives
(Assogbadjo et al. 2012, Ndayambaje et al. 2012, Sacande and
Berrahmouni 2016).
Forest degradation and overexploitation often disproportionately
target populations of the most valuable tree species (Pandit and
Thapa 2003, Ndangalasi et al. 2007), leading to genetic erosion
and the depletion of quality seed sources (Simons and Leakey
2004). Authoritarian solutions to avoid forest degradation
through strict law enforcement have shown limited success in
lower-income countries with persistent poverty and many forestdependent people (Jachmann 2008, Porter-Bolland et al. 2012).
Potentially more effective solutions include reinforcing local
institutions that regulate forest resource use or developing
alternative livelihood opportunities, including small-scale nursery
businesses (Meitzner Yoder 2007, Mukul et al. 2014, Pohnan et
al. 2015). Such measures can promote collaboration in managing
the remaining forest resources and create favorable conditions for
the success of further FLR interventions (Uddin et al. 2007).
CONCLUSION
Our analysis of the tree seed supply systems in Burkina Faso and
the Philippine shows that despite well-meant initiatives, such as
introducing seedling quality standards, subsidizing seedling
purchases, and involving community organizations, seed and
seedling supply is not adequately meeting the demand for
implementing FLR, neither in terms of quantity and quality nor
the desired livelihood outcomes, in the contexts analyzed. Issues
like those identified in the two case studies of Burkina Faso and
the Philippines are likely to occur elsewhere in similar sociopolitical contexts. In Burkina Faso and the Philippines, the
emerging options to strengthen supply systems for successful FLR
include (i) a better tailoring of interventions to address the local
context, including revisiting the role of local forestry officers; (ii)
aligning government and NGO interventions to support existing
nursery, tree planting, and research initiatives, rather than
duplicating efforts or competing with them; and (iii)
complementing the enforcement of regulations with strengthening
the capacities of nurseries in producing high quality planting
material and the capacities of local institutions in resource
management to foster law compliance.

Responses to this article can be read online at:
https://www.ecologyandsociety.org/issues/responses.
php/12032
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Figure A1.4:

Appendix 2
Table A2.1. Summary of the dynamics captured in the causal loop diagrams by thematic section, with key literature used to identify them.
Identified system archetypes are shown in bold (Braun, 2002; Table 2).
Thematic sections

Descriptions

Burkina Faso
The production and distribution of seeds by the National Tree Seed Centre of Burkina Faso (CNSF) is expensive due to poor road infrastructure. This reduces seed sales and
potential clients may refer to other seed sources of poorer quality. Consequently, CNSF tends to focus on a partnership with the Forest Department to increase its share in the
1. Centralized seed
national seed market for restoration projects led by the government. In some cases, this has negative effects on the relationship between CNSF and other implementers of
production (6 feedback
restoration projects, who see CNSF taking a sort of monopoly of the seeds market, imposing high seed prices (shifting the burden). However, if a collaboration is established
loops)
between project implementers and CNSF, this can lead to benefits for both sides and to positive outcomes that are likely to encourage practitioners to seek scientific support from
CNSF in future forest landscape restoration (FLR) initiatives and to make use of good quality germplasm (Graudal 1998).
2. Short-term project
The dependence on short-term funding for FLR creates disincentives for establishing an effective monitoring system for forest landscape restoration success (growth and
funding (4 feedback
underinvestment), leading to a lack of attention to seed quality in FLR efforts. Underfunding also leads to competition between stakeholders involved in FLR for funds
loops)
(escalation) and a weak consultation of local communities (Bouda et al. 2011).
Forest officers prioritize focusing their limited resources in enforcing laws that prevent overharvesting over supporting smallholders in seed production and providing silvicultural
3. Approach of the
advice. This results in limited collaboration between smallholders and forest officers and may lead to illegal cutting (shifting the burden). This limited collaboration from forest
Forest Department (4
officers, associated with the administrative burden involved in formalizing the production of nurseries managed by smallholders, discourage official registration of nurseries and
feedback loops)
makes it difficult to enforce seed collection guidelines (Bassirou 2008, Vallino 2009, Coulibaly-Lingani et al. 2011, Bouda et al. 2011, Tankoano et al. 2015).
When illegal logging occurs, lack of trust between smallholders weakens the social capital, which in turn may create competition for remaining forest resources (tragedy of the
4. Fair Benefit Sharing
commons) and favor the monopolization of forest resources by a few individuals in a position of power, undermining the potential for future collective actions (Coulibaly-Lingani
(3 feedback loops)
et al. 2011, Bouda et al. 2011, Westholm and Arora-Jonsson 2015).
5. Civil society support The civil society often supports local smallholders in planting trees and, when benefits and awareness start materializing, the example is followed by other smallholders. The civil
to tree planters (6
society can also support local seedling producers by providing resources for training. On the other hand, free distribution of seedlings by the civil society to smallholder farmers is
feedbacks loops)
likely to undermine market opportunities for local nurseries, unless seedlings are bought from local nurseries (fixes that fail, Raebild et al. 2004).
6. Farmers’ nursery
networks (4 feedback
loops)
7. Preferences for
exotic species (4
feedback loops)
8. Forest protection or
further degradation (5
feedback loops)

When local demand for planting material increases, so does the number of seedling producers. If there is a good degree of cooperation (limits to success), seedling producers can
form a network in which they can share information on nursery techniques and location of tree seed sources, supporting each other in meeting seed demand of particular tree
species, and improving opportunities to respond to local and regional demands while reducing operating costs.
Cultural taboos and low profitability hinder planting of native tree species, shifting the focus of smallholders towards planting exotic tree species that generate higher incomes
(success to successful, Raebild et al. 2004, Etongo et al. 2015).
In a context characterized by a reduction in forest cover, assisted natural regeneration interventions and regulations on the use of forest resources have been implemented in some
areas of Burkina Faso to promote a more effective protection of forest resources and encourage stakeholders’ interest in sustainable forest management. In other parts of the
country, competition for the remaining forest resources is increasing and soil is degraded, limiting natural regeneration and leading to further environmental damage (tragedy of
the commons, Gijsbers et al. 1994, Raebild et al. 2004, Bayala et al. 2011, Savadogo et al. 2012, Schumann et al. 2012, Thiombiano et al. 2013).

9. Conservation of
genetic resources (3
feedback loops)

Planting high-quality seeds, adapted to the current and expected future conditions at a planting site, combined with natural regeneration, enhances the chances of tree survival and
recovery of the forest ecosystem. The use of good quality seed is important to optimize survival rates and growth performance, increasing the interest of smallholders in using
high quality seed and encouraging seedling producers in adopting best practices for seed collection (Broadhurst et al. 2006).
The Philippines
Only a few smallholders producing timber and/or providing forest planting material are officially registered with the Department of Environment and Natural Resources (DENR),
1. Effectiveness of the
which reduces the capacity of DENR to support and cooperate with a broad range of this kind of players in the seed system. This leads to reduced effectiveness of capacity
Department of
strengthening of smallholders in seed supply, and their ability to produce seedlings for the enhanced National Greening Program (eNGP, growth and underinvestment). The lack
Environment and
of funding available to DENR officers could motivate them to make local communities pay for services that should be free, such as their registration as official timber producers.
Natural Resources
Such actions can further reduce trust between DENR and local communities. This disconnect between DENR and smallholders feeds a negative loop and disincentivizes
(DENR) (5 feedback
producers to register their business with DENR (Gregorio et al. 2004, 2015, Dahal and Capistrano 2006, Germano et al. 2007, Pulhin et al. 2007, Baynes and Gregorio 2008,
loops)
Catacutan et al. 2008, Harrison et al. 2008, Mercado and Duque-Piñon 2008, Russell et al. 2011, Baynes et al. 2011, 2016)
The demand for industrial wood is greater than the supply, and pressure increases on the remaining forest resources (tragedy of the commons). Populations of highly valuable
2. Conservation of the
trees are reduced to the point that it is difficult to find good quality seed sources. Thus, planting such tree species becomes more expensive and planting material could be of lower
seed sources (3
quality, making their cultivation less profitable for smallholders (Gregorio et al. 2004, 2011b, Carandang et al. 2006, Bensel 2008, Gravoso et al. 2011, Santos Martín et al. 2012,
feedback loops)
Le et al. 2014, Peque and Hölscher 2014, Baynes et al. 2016).
Private nurseries generally have the capacity to respond to increases in local demand for trees and seedlings. However, their success may be constrained by the existence of
3. Private nurseries (3
regional public nurseries that compete with them, creating unfavourable market conditions (fixes that fails, Carandang et al. 2006, Mercado and Duque-Piñon 2008, Gregorio et
feedback loops)
al. 2010).
The opportunities offered by contracts between DENR and POs ─ groups of smallholders implementing forest activities defined by DENR − initially attracted many people to join
POs. However, over time, the increasingly large size of the POs created a need for strong leadership, without which the long-term operationality of POs was put under pressure
4. Sustainability of
(limits to success). Moreover, irregular funding and lack of alternative income opportunities drove many PO members to drop out (shifting the burden). As a result, a few
People’s Organizations
remaining powerful members currently dominate the POs, concentrating power and benefits and engaging other smallholders only as workforce (fixes that fail). A diversified
(PO) (5 feedback
access to customers, other than government agencies, to sell seedlings is a way to secure long-term funding and operability of the POs, but this means a good level of cooperation
loops)
needs to be in place for the POs to function well and adequately respond to demand for seed (success to successful, Catacutan and Mercado 2001, Bertomeu 2002, Dahal and
Capistrano 2006, Pulhin et al. 2007, Catacutan et al. 2008, Harrison et al. 2008, Edralin and Mercado 2010, Gregorio et al. 2010, 2011b, Baynes et al. 2015, Gregorio et al. 2017).
The main motivation for tree planting is timber production, so smallholders tend to choose fast-growing exotic tree species that have been widely planted in past restoration
5. Predominance of
projects and, hence, have abundant seed sources and available silvicultural knowledge (success to the successful). By contrast, native tree species have largely been neglected by
exotic species in tree
research efforts. Furthermore, the reproductive biology of some native tree species (e.g. masting) constrains seed collection and leads to increased use of wildlings, which often
planting (5 feedback
perform poorly when transplanted, due to damage to the root system during collection (Emtage and Suh 2004, Gregorio et al. 2004, 2011a, 2012, Carandang et al. 2006, Bernaldez
loops)
and Mangaoang 2008, Santos Martín et al. 2012, Schneider et al. 2014, Nguyen et al. 2014).
Central nurseries have been established to address the need for high-quality planting material. However, high costs, seedling mortality related to transportation, and the availability
6. Regional nurseries
of tree seed for a very limited range of tree species, makes this centralized model inefficient in responding to the demands of smallholders (fixes that fails, Gregorio et al. 2008,
(3 feedback loops)
2011b, Kadda et al. 2008, Mercado et al. 2010).
Ambitious reforestation plans are being implemented in the Philippines to counter deforestation and forest degradation. However, the ambitious goals are not supported by
adequate funding on a per hectare basis; thus, regulations on seed quality are difficult to implement effectively (growth and underinvestment). Furthermore, monitoring systems
7. Mismatch of
tend to focus on short-term indicators and encourage fraudulent reporting, because funds are only released when an 85% survival rate is reached. Limited success reinforces the
funding and goals (6
tendency for central control, exacerbating miscommunication with the local government units (fixes that fail). This leads to a lack of consultation with local communities, delays
feedback loops)
in funding and inappropriate approaches to strengthen local capacities and institutions (growths and underinvestment, Catacutan and Mercado 2001, Pulhin et al. 2007, Gregorio
et al. 2008, 2011b, 2017).
8. Local knowledge
Appropriate training of local communities enables them to acquire more experience in seed production. Once confident enough, community members can share their knowledge
transfer (3 feedback
with other people in their villages. This acquisition of knowledge leads to a greater degree of trust between DENR and local communities, and a greater degree of freedom in the
loops)

design of forest restoration initiatives (Bertomeu 2002, Emtage and Suh 2004, Bernaldez and Mangaoang 2008, Harrison et al. 2008, Mercado and Duque-Piñon 2008, Baynes et
al. 2011, Gravoso et al. 2011).
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