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Abstract

:

Achieving multi-million-hectare commitments from countries around the world to restore degraded lands in resilient and sustainable ways requires, among other things, huge volumes of tree planting material. Seed systems encompassing all forest reproductive material (e.g., seeds, cuttings, stakes, and wildings), are key to ensuring that sufficient planting material with a diverse range of suitable species, adapted to local conditions and capable of persisting under a changing climate, is available for restoration projects. The ideal structure of a seed system integrates five components: seed selection and innovation, seed harvesting and production, market access, supply and demand, quality control, and an enabling environment. We propose 15 indicators to evaluate these key components and trial them by assessing national seed systems in 7 Latin American countries. We conclude that the indicators enable a straightforward assessment of the strengths and weaknesses of national seed systems, thus assisting governments to identify key areas for improvement and opportunities for horizontal learning.
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1. Introduction


The United Nations Decade on Ecosystem Restoration (2021–2030) calls for the protection and revival of ecosystems around the world, for the benefit of people and nature. This proclamation was made in response to the global biodiversity and climate crises, and countries around the world have already committed to the restoration of millions of hectares of degraded land [1]. A significant share of these commitments will be achieved through active tree planting [2,3]. With the goal to regain ecological functionality and enhance human well-being across deforested or degraded landscapes [4,5], not only are the quantity and availability of planting material important, but also the quality. High quality material enables provision of the desired ecosystem services and the necessary genetic diversity to persist into the future [6]. The genetic quality of planting material has three main dimensions: (i) ensuring adaptedness to the current and future environmental conditions of a given planting site; (ii) promoting the long-term viability and resilience of restored populations; and (iii) favoring genetically based desirable traits (e.g., straight stems for timber production). The desired quality of planting material will ultimately depend on the objectives and time scales of restoration projects.



At present, the limited availability and accessibility of quality planting material is a constraining factor in restoration programs [7,8]. Thus, there is a global need to strengthen seed production and supply systems at the national, regional, and local level. This will ensure that material with a diverse range of suitable species, adapted both to local conditions and capable of persisting over generations under a changing climate, is available. Functional seed systems need to integrate five interlinked components: (i) seed selection and innovation; (ii) seed harvesting and production; (iii) market access, supply, and demand; (iv) quality control; and (v) a favorable enabling environment. The word “seed” is hereby used to refer to seeds, cuttings, stakes, wildlings, and any other form of forest reproductive material (FRM).



Seed selection and innovation. Restoration projects that involve active tree planting should choose species and seed sources that can survive and grow under site-specific conditions in the short term and persist under a changing climate in the longer term [9,10]. The species choice should also be aligned with restoration objectives defined by stakeholders and with local people’s preferences and needs [11,12,13]. Generating and sharing knowledge on the most suitable species and seed sources for different planting conditions and restoration objectives is key. This requires the integration of information that includes traditional and local knowledge [14,15], species ecology and functional traits [16,17], climate modeling, genetics and genomics, pilot plantings, and provenance or progeny trials [6,18], etc.



Seed harvesting and production. FRM can be procured from the wild (in situ harvesting of seeds and wildings from natural vegetation, farmland, and managed forests), or from selected material (seed orchards, clonal gardens, and via in vitro propagation) [19]. The material can be used directly in nurseries or stored in seedbanks [20]. Nurseries can play a key role in linking FRM from diverse seed sources to the end user, as well as providing and managing information to enable an informed choice of appropriate FRM. This includes the origin of the material, predicted suitability for a restoration site, and its genetic diversity [19,21]. Seed harvesting and production can involve a wide variety of stakeholders, including indigenous and local communities, farmers, private landowners, protected areas, and public and private sector actors [22].



Market access, supply, and demand. In contrast to systems for commercial timber tree species that have existed for 40–50 years in the tropics [23,24,25], the demand for and supply of native species for restoration are still in their infancy. While FRM for restoration is often produced by projects for their own use [7], the challenge for seed systems lies in establishing the cost-effective collection of FRM from different provenances into a nationwide distribution system. This ensures that buyers can have access to FRM that is locally adapted and suitable for future climate conditions [23,25]. Seed supply systems for forest restoration include government-centralized models, community-level production with supply facilitated by NGOs, and commercial seed supply (often established with public funding) [25,26]. The optimal supply system will depend on political preferences, existing infrastructure and institutional arrangements, as well as available investment.



Ultimately, what is available in a seed supply system will be driven by demand [27]. Demand can be created in multiple ways, but public authorities in particular can play an important role in disseminating knowledge and generating incentives (or disincentives) to align the supply chain to restoration objectives. For example, when restoration is carried out as an obligatory compensation measure for large-scale infrastructure projects, or for carbon credits, via government programs, or privately led initiatives, there is scope for ensuring the optimal selection of FRM. There could also be additional incentives for including species endangered by overharvesting, or habitat destruction.



Quality control. Ensuring the quality of FRM in a seed system is critical for building trust and ensuring that restoration projects are able to meet their objectives [28]. Quality control can be organized in different ways, ranging from regulatory approaches, such as the certification of seeds and other material, to due diligence approaches whereby all actors in the system respect best practice guidelines. Seed characteristics typically considered in quality control relate to germination rates, purity, and phytosanitary standards. For commercially valuable species, a guarantee that the germplasm is from selected or improved FRM is also often included [29]. Other important aspects that are less often included relate to the accurate identification of species and the genetic diversity needed long-term success [30].



Enabling environment. Aside from the technical components outlined above, a suitable enabling environment encompassing political will, legal support and adequate investment in capacity building and research is key to success.



Based on the above criteria, we developed a set of indicators that enables assessment of national tree seed systems for restoration against a model system with the elements needed to provide suitable FRM to projects at scale. We trialed the indicators by evaluating the tree seed systems in seven Latin American countries (Argentina, Chile, Colombia, Costa Rica, Guatemala, Mexico, and Peru) whose joint restoration pledges amount to 16.4 M ha (https://initiative20x20.org/ accessed on 20 June 2021). We show how the indicator system enables a straightforward assessment of the strengths and weaknesses of the components that are currently in place, assisting governments in the identification of key areas for improvement as well as opportunities for horizontal learning.




2. Materials and Methods


The development of the indicator system was based on information collected from 2 sources: interviews with experts and revision of available information. This allowed us to ascertain both how national seed systems are working and collate opinion and information on an idealized system. Interviews containing 40 questions were carried out with 115 experts from key institutions and organizations in the 7 countries of focus. They included members of the Latin American Forest Genetic Resources Network (LAFORGEN): Argentina (n = 8), Chile (n = 10), Colombia (n = 36), Costa Rica (n = 12), Guatemala (n = 19), Mexico (n = 14), and Peru (n = 16). Information from the interviews was enriched with a thorough literature review of published and unpublished work, as well as governmental and other websites in both English and Spanish. All of this information, including the questionnaire, is synthesized in Alcazar et al. [31] and Atkinson et al. [32]. The respondents are acknowledged at the end of this paper and a summary of the seed system in each country is provided in Supplementary Information 1.



Based on an analysis of this information and using the 5 themes described in the introduction as an underlying structure, we developed a streamlined set of indicators that covers the key attributes of a national system needed to provide FRM for tree-based restoration and meets the objectives and needs of stakeholders under climate change scenarios. The 5 indicator groups can be summarized as follows:




	i.

	
Selection of FRM (indicators 1–4): evaluates the availability of information to ensure that the most appropriate diversity of FRM in terms of species, origin, and intraspecific genetic diversity can be selected;




	ii.

	
Harvesting and production (indicators 5–7): evaluates the systems in place for the collection and production of suitable FRM;




	iii.

	
Supply and demand (indicators 8–9): evaluates the supply and demand for suitable FRM,




	iv.

	
Quality control (indicators 10–12): evaluates whether there are systems in place to ensure that the FRM available for restoration planting meets expected quality standards,




	v.

	
Enabling environment (indicators 13–15): evaluates whether the production, supply, and use of suitable FRM for restoration are supported by sufficient human capital, financial mechanisms, and an appropriate legal framework.









Each of the above groups is composed of 2 to 4 indicators, giving a total of 15 indicators. A score is given to each indicator by responding to questions that cover the most important aspects of that indicator (Table 1). Each question has a multiple option answer, with 4 possible answers (0–3). These are presented in Supplementary Information 1. The scores resulting from each question are standardized using a percentage scale and averaged to give an overall score per indicator.



An initial version of the indicators was presented to over 30 regional experts from Latin America via a webinar organized by the World Resources Institute (WRI) in 2017 (Seminario Web sobre Sistemas de Producción y Suministro de Semilla para la Restauración). The system presented here represents an improved version that incorporates the feedback received.



The indicator set was used to score the state of the national seed systems for forest restoration in Argentina, Chile, Colombia, Costa Rica, Guatemala, Mexico, and Peru. Initial scoring was carried out by the first author based on the information presented in Alcazar et al. [31] and Atkinson et al. [32]. The scores were then revised by experts from each of the seven countries who are coauthors on this paper.




3. Results


The scores from the set of 15 indicators are presented in Figure 1 and Supplementary Information 1. The countries show marked differences in current seed systems and strategies, and the following sections highlight the key findings. Further details and references can be found in the country case studies in Supplementary Information 2.



3.1. Selection of FRM (Indicators 1–4)


While there is a wealth of knowledge on each country’s native tree species (indicator 1), this information is often not readily available to restoration practitioners and decision makers, although Mexico, Colombia and Costa Rica have made advances in compiling the information into user-friendly formats (indicator 4).



It is well understood that climate change will significantly alter the distribution of different forest ecosystems and that better connectivity between forest fragments can help species survival. However, countries show an incipient realization that genetic considerations need to be considered if the restored forests are to survive into the future under new climatic conditions. Exceptions include Mexico’s official guidelines for restoration and Chile’s ambitious program to monitor the effect of climate change on different genotypes (indicator 2).



Field trials can help identify species’ genotypes that are likely to be suited to future conditions. Mexico and Chile (and to a lesser extent Argentina) have comprehensive networks of actively managed multispecies trials, while Costa Rica, Colombia, and Peru have established trials, but are not maintaining them. These trials concentrate on commercially valuable native species, for which some genetic characterization is usually available. Combined with data from field trials and maps of environmental variables, this information could be used to define seed transfer zones. Mexico, Argentina, and Chile have developed methodologies for defining these zones and have used them for a handful of species. To date, only Mexico has incorporated the concept of seed transfer zones into legislation, and a climate-based seed transfer zoning has been proposed but not yet adopted (indicator 3).




3.2. Harvesting and Production (Indicators 5–7)


While several countries have identified priority areas for sourcing seed, conservation of tree genetic resources usually relies on the network of state-owned protected areas and private reserves. Exceptions to this include: Guatemala, with an incentives program for people who wish to protect their land as a seed source; Mexico, with a mechanism to ensure the protection of flora and fauna outside of protected areas; and Chile, where seed source protection is integral to the conservation of threatened valuable tree species. Private forestry businesses, seed suppliers, and nurseries may also manage their own seed sources, in situ (indicator 5).



A complementary approach to ensure that FRM is easily available is via establishment of seed orchards from selected wild trees. Mexico has state-funded seed orchards for key native tree species. Other countries have a more fragmented approach with diverse stakeholders managing seed orchards for priority species. Additionally, seed banks can play an important role in the storage and distribution of FRM. In Mexico, the state-run network of seed banks is distributed across the country. In Argentina, seed banks focus on specific genera (mostly native), while in Costa Rica the focus is on commercially valuable (exotic) species.



The identification of superior genotypes has been carried out for commercially valuable native species in Mexico, culminating in the creation of seed orchards. In other countries, superior genotypes have been identified for a handful of native and introduced species, often by the private sector for their own use (indicator 6).



It is a challenge to determine the distribution, abundance, or capacity of nurseries in each country for FRM production, since many are temporary or informal and thus go undocumented. For example, in 2017, Chile had 161 registered nurseries producing native tree species; Colombia and Peru on the other hand have no official register, but both have large-scale commercial nurseries producing native species, as well as plenty of restoration projects producing their own material. In Argentina, there is a network of government-run nurseries with at least one central nursery in each province able to produce up to 1 million plants per year for restoration projects. Mexico also has a network of registered nurseries that are established in tandem with government incentives for restoration (indicator 7).




3.3. Supply and Demand (Indicators 8–9)


There appears to be little demand for native tree species FRM in restoration plantings. While most countries have some sort of incentives mechanism in place to promote the use of native species in production forestry, there are only few examples in place for restoration activities with other aims. An exception is FONAFIFO, an incentive mechanism based on payments for ecosystem services established in Costa Rica. We did not find any incentives that stipulate the use of site-adapted or climate-proof FRM in restoration programs (indicator 8).



The lack of adequate seed supply in Chile is considered as a major bottleneck for effective ecosystem restoration [33]. This is likely to be true in other countries too. Even for commercially valuable species, there is often little selected or improved FRM available at a commercial scale, and demand is often met through importation, while selected native seed is produced by companies for their own use.



Although integrated supply networks do exist for some commercial species, there are only a few examples for native tree species. Exceptions are government-run networks in Argentina and Mexico, and localized examples run by the private sector in Guatemala and Colombia. In Costa Rica seed storage is centralized and small-scale restoration projects are self-sufficient using their own nurseries (indicator 9).




3.4. Quality Control (Indicators 10–12)


Many of the countries included here have a government registration system in place for seed collection that requires information about collection locality, type of material, and tree ownership. In Costa Rica, seed certification for commercially valuable tree species includes verification at the seed source before and during harvesting to reduce fraud (indicator 10).



Regulations to ensure seed purity and germination ability are common but are normally only enforced when seed is for export. Argentina ensures that verified improved seed cannot be falsified by sealing containers with a hologram. Elsewhere, improved seed is available from one or a few accredited suppliers, providing quality assurance. All countries studied have registration systems in place for tree nurseries, but they are not all enforced, and only some of the registration processes require a site inspection. It is even rarer to find any quality control at the planting site, except for commercially valuable species. To date, there are only a few cases where FRM can be traced to its origin, and this occurs de facto in project-specific nurseries that source FRM locally (indicator 11).



The two most complete quality control systems that encompass seed sourcing, nursery production, and delivery of FRM to the planting site are in Mexico (law n° AA-169-SCFI-2014) and Costa Rica (law n° 6289). Although the latter is at present only used for commercially valuable exotic timber species, it can be applied to native species (indicator 12).




3.5. Enabling Environment (Indicators 13–15)


While the regulatory aspect of seed supply systems is well developed in most countries (particularly in Costa Rica and Argentina), it is applied to production forestry only. In Guatemala, a successful government incentives program including seed production and distribution is focused on native pines for commercial use. In Chile, many of the key regulatory documents for supporting a seed supply system are awaiting approval and implementation.



In all countries, the most notable weakness in the enabling environment is the limited availability of human capital and capacity at all stages of the seed supply system. For example, in Peru, despite the availability of funds for small scale projects, they are often begun and then abandoned (indicator 14). The research capacity in Mexico, Argentina, Chile, and Costa Rica is however well developed, though scientists are often not sufficiently funded to allow for their full potential to be met (indicator 15).





4. Discussion


The use of suitable FRM is the backbone for successful active restoration, and a system that links knowledge with production and supply, increasing demand, and quality control can help ensure its use. The set of indicators presented here provides an operational framework through which to determine the readiness of national systems to support successful active restoration projects. It can also be used as a tool to identify gaps and priority areas for strengthening.



We note that the structure and management of tree seed systems for restoration differs among the seven countries studied. In Mexico and Argentina, the systems are underpinned by regulatory frameworks and implemented by public institutions at the state or regional level, while in Guatemala the availability of FRM has to date been driven by government incentives provided to individuals. The availability of native species for restoration in Costa Rica, Colombia, Peru, and Chile is fragmented with individuals, companies, or institutions producing FRM for their own use (although activities are often motivated by government-led initiatives). This contrasts with effective systems for commercial forestry with exotic species in both Costa Rica and Chile, with a focus on high-quality seed production for national use and export in the former, while in the latter forestry from seed to timber is managed by private companies.



While we note that all seven countries had at least some aspects of a functional tree seed system in place, two important gaps were common to all: (i) the limited use of native species diversity in restoration; and (ii) the lack of consideration of the genetic diversity of the FRM used. These aspects have been highlighted as critical for the resilience of restoration plantings under climate change [15,17].



Latin America has an exceptionally high diversity of native tree species [34], and most of the countries studied here are considered as megadiverse [35]. Despite this, very few native species are used in restoration or even in forestry. While the reason may be linked to a lack of knowledge on species propagation or the availability of FRM, these obstacles are not insurmountable. Species diversity is integral to Brazil’s Atlantic Rainforest Restoration Pact. The mandatory use of at least 80 species per ha in restoration activities in São Paolo state (Brazil) resulted in an increase in species availability in nurseries, as well as development of a complex network of seed collectors [8] (although it should be noted that a few species dominated plantings [36]). This success story was due to the active involvement of many stakeholders; public and private institutions, governments, companies, the scientific community, and landowners [37]. While use of such a high number of species is highly contextual to the location, ecotone, and restoration intervention, this case study indicates that it is possible to achieve in the region. It should be noted that our analysis did not include information on unregistered temporary nurseries, which are often important and may contain a high diversity of species, especially for conservation-related restoration projects.



Increasing the number of species used in restoration projects requires a concomitant increase in knowledge relating to the sourcing of FRM, propagation and growth requirements, ecology, and ecosystem service provision. As observed in this study, information on species is often widely dispersed and thus not easily accessible to those who require it. There have been some important steps to collate information and make it available online (www.especiesrestauracion-uicn.org (accessed on 22 June 2021), https://www.diversityforrestoration.org/ (accessed on 22 June 2021), and www.orton.catie.ac.cr/repdoc/a11445e/a11445e.pdf (accessed on 22 June 2021)). The platform www.diversityforrestoration.org (accessed on 23 June 2021) integrates climate modeling, functional trait data, local ecological knowledge, genetics, and information on propagation protocols to assist decision makers and practitioners with the choice of appropriate tree species and seed sources [17]. The knowledge and requirements of local stakeholders is key here, as they are not only directly affected by restoration activities but can also help to identify the most useful and valued species for different purposes [38]. Failure to deliver a broad range of native tree species at scale also undermines not only resilience of restoration efforts to pest and disease outbreaks, but also the potential to deliver multiple societal benefits.



The availability of appropriate FRM has been found to be a limiting factor for many restoration projects across the world [7,8,33,39]. This is compounded by the current political climate to meet area or number-based tree planting targets (https://www.plant-for-the-planet.org/en/home (accessed on 23 June 2021), https://www.12tree.de/ (accessed on 23 June 2021)), which may result in the use of whatever material is available [6]. The key to breaking this chain is creating demand for diversity [27]. This will feed back to production and thus strengthen the entire supply system. While demand can be stimulated e.g. through stipulating conditions in incentive mechanisms and regulations, or making access to mitigation funds contingent upon the use of native species and good quality FRM, demand from the end user may be more desirable. For this to be achieved, the benefits and know-how of using suitable FRM need to be embraced by practitioners and planners. This will require communicators who can translate scientific concepts to reforestation practitioners, investors, and decision makers. Additionally, business models need to be developed based on native species. Once the demand is there, the commercial forestry sector is often ideally placed to scale up seed supply systems for native species, having already developed efficient, high volume systems of seed sourcing, storage, and production and nationwide networks.



The indicator system illustrated here can be used to monitor the development of country tree seed supply systems, helping to guide the strengthening of key components to ensure that the recent interest and momentum in tree planting results in restoration that can withstand future conditions and provide the ecosystem services we all require. Building on successful experiences and initiatives in the seven countries considered here, we suggest that the following actions could help to increase the use of appropriate FRM in restoration projects, and thus strengthen seed supply systems for restoration:




	
Collate information already generated on tree species distribution, ecology, use, and propagation. In every country there is already a wealth of information about tree species that can be very useful for establishing priority species lists for restoration.



	
Use practitioner, local and indigenous community knowledge to understand species traits useful for restoration and help identify species that stakeholders value.



	
Integrate genetic diversity considerations into plans for forest resilience and adaptation to climate change. The discord between the scale of tree planting actions for climate change and the quality of the planting material needs to be addressed to help ensure that the forests being planted today can adapt to future conditions.



	
Strengthen and link research to the main information gaps identified by restoration practitioners and ensure that restoration-relevant information is available in appropriate formats.



	
Use information from progeny and provenance trials for seed source selection. Many of the countries have had extensive projects in the past that set up trials for many species across wide areas. To the extent possible past trials should be revived, and new ones established for other native species.



	
Spur the development of improved varieties for key commercially important native species.



	
Strengthen existing and develop novel approaches to protect in situ seed sources by considering them as valuable economic resources to help motivate their conservation.



	
Determine the most effective and socially inclusive ways of scaling up seed collection and propagation of FRM that build on success stories. The commercial forestry sector has experience with this and the lessons learned may help the rapid scaling up of seed supply systems for native species.



	
Consider the most cost-effective approach to controlling the quality of FRM of native tree species. Registration and certification methods focus on seed collection and production of selected or improved varieties of commercially valuable species. In contrast, the collection and production of native FRM are often unregulated.



	
Stimulate stakeholder demand for appropriate FRM by stipulating conditions in restoration project funding mechanisms. Once the demand is there it will feed back through the production network and thus strengthen the entire seed supply system.
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Figure 1. Radar charts illustrating the scores assigned to the 15 indicators for each of the 7 countries analyzed (Argentina, Chile, Colombia, Costa Rica, Guatemala, Mexico, Peru). The results are color-coded by the 5 components (selection and innovation, seed harvesting and production, market access, supply and demand, quality control, and enabling environment. 
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Table 1. The indicator component titles, underlying indicators, and corresponding questions that make up the set of indicators for the analysis of tree seed systems.
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Component

	
Indicator

	
Question






	
Selection and innovation

	
1

	
Different sources of information are used to identify native species useful for restoration in a variety of ecosystems

	
Are lists of priority native species for restoration available for key ecosystems?




	
Are threatened species included in the priority lists for restoration?




	
2

	
Research into the effect of climate change on native species across different ecosystems is used to inform selection of species and seed sourcing for restoration

	
Is there research on the effect of climate change on key ecosystem distribution?




	
Is there research on the effect of climate change on priority native species distribution?




	
Is there research on the effect of climate change used to inform planting decisions for restoration?




	
3

	
Information on species genetic diversity is used to identify goal-oriented planting material

	
Are there provenance trials across the country for the priority species?




	
Are data being collected from these trials?




	
Are the data being used to inform seed source choice for restoration?




	
Is there research on species population genetics?




	
Is there research on defining eco-geographical zones for priority species?




	
Is this information used to define seed transfer zones?




	
Are there research initiatives developing improved material for those priority species used in restoration for productive purposes?




	
4

	
Suitable information is readily available to inform stakeholders in their restoration choices

	
Is suitable information readily available to stakeholders that helps in species choice for restoration?




	
Is suitable information readily available on how to identify the most suitable seed source?




	
Is suitable information readily available on the difference between wild and selected material?




	
Seed harvesting and production

	
5

	
Seed sources that cover the geographical range of the priority native species have been identified and are protected effectively

	
Have seed sources been identified for the priority species?




	
Have seed sources been identified for key ecosystems?




	
Do seed sources cover the species range?




	
Are seed sources protected effectively?




	
6

	
Improved material is available for those priority species used in restoration for productive purposes

	
Is there improved material available for those priority species used in restoration for productive purposes?




	
Is improved material available for the key ecosystems?




	
7

	
Nurseries are able to produce the priority species adapted to each ecosystem

	
Are all the priority species being produced?




	
Are they being produced across each key ecosystem?




	
Market access, supply and demand

	
8

	
There is demand for priority native species of suitable provenance for restoration across targeted ecosystems

	
Is there demand for priority native species?




	
Do people request suitable provenance?




	
9

	
There is a network of suppliers able to meet the demand for priority native species of suitable provenance across targeted ecosystems

	
Is there a network of suppliers?




	
Can the network meet demand (access and quantity) for natives with suitable provenance?




	
Quality control

	
10

	
Measures exist to comply with seed sourcing and harvesting standards

	
Does certification cover seed sourcing (population size, sampling method)?




	
Does certification cover seed harvesting (material type, permission to collect)?




	
11

	
Measures exist to comply with seed quality standards

	
Does certification cover production (phytosanitary conditions, control of origin)?




	
Does certification cover improved seeds?




	
12

	
Quality control measures function as an integrated system

	
Do these components function as a system?




	
Enabling environment

	
13

	
The seed system is underpinned by appropriate legislation and regulations applied to native species and implemented

	
Are adequate regulations being implemented that support the use of material suitable for climate change?




	
Are adequate regulations being implemented to define seed transfer zones?




	
Are adequate regulations being implemented to protect seed sources?




	
Are adequate regulations being implemented that provide incentives for the use of native species?




	
Are adequate regulations being implemented for a certification system for native species?




	
14

	
There is appropriate capacity to support a seed system

	
Is there sufficient capacity building for decision makers?




	
Is there sufficient capacity building for technicians?




	
Is there sufficient capacity building for communities?




	
Is there sufficient capacity building for the general public?




	
Is there sufficient capacity building for students?




	
15

	
There is sufficient financial support for key research needed for seed systems

	
Is there sufficient financial support for baseline information on priority native species & key ecosystems and climate change?




	
Is there sufficient financial support for seed source identification?




	
Is there sufficient financial support for research on material production?
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