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Abstract 

Seedlings are the foundation for many terrestrial ecosystems and are a critical 
consideration and investment for implementing global forest and landscape restoration 
programs. Global leaders have pledged to restore millions of hectares during the next 
decade, necessitating many millions of established plants. Although natural 
regeneration and direct seeding will likely meet a portion of that need, large quantities 
of high-quality, nursery-grown seedlings are also required. Insufficient plant quantities 
or poor-quality plants result in unsuccessful outplanting programs. Such failures have 
considerable economic and environmental consequences and will result in an inability 
to meet restoration goals. Nonetheless, the importance of restoration nurseries is often 
overlooked when making large-scale restoration commitments. Technology already 
exists to produce high-quality plants to meet a variety of goals. This technology cannot 
be applied, however, unless adequate resources and training are made available by 
overcoming political and socioeconomic barriers. In this article, we discuss the 
important role of nurseries to meet global restoration commitments and review three 
case studies where increased support to nursery programs resulted in improved 
restoration success.  
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1 Introduction ς The worldwide need for tree nurseries 

With few exceptions, tree, shrub, forb, and grass seedlings are the foundation 
of all healthy forest and terrestrial ecosystems. Forest and land degradation is a 
worldwide crisis and requires multiple approaches to mitigate (Chazdon 2008; Halme et 
al. 2013; Laestadius et al. 2015; Lamb et al. 2005; Sabogal et al. 2015; Stanturf et al. 
2014a; 2014b), nearly all of which call for some level of plant establishment. Anticipated 
effects of global climate change suggest the future need for restoration will increase 
(Stanturf et al. 2014a) as site conditions become harsher (Oliet and Jacobs 2012), 
incidence of megafires increase (Williams 2013), and assisted migration is implemented 
(Williams and Dumroese 2013). In recent years, international leaders have pledged to 
restore millions of hectares of deforested and degraded lands (Table 1). To help meet 
these unprecedented and ambitious commitments to forest and landscape restoration, 
availability of quality nursery seedlings is a crucial consideration (Gregorio et al. 2015; 
Harrison et al. 2008). 

High-quality, nursery-grown plants are often a critical requirement for 
successfully implementing forest and landscape restoration programs to create healthy, 
functional, sustainable, and resilient ecosystems. In turn, these forests and landscapes 
provide multiple ecological, social, and economic benefits. These benefits include: 
human wellbeing and sustainable livelihoods; wildlife and pollinator habitat; food 
security and nutrition; carbon sequestration; shelterbelts and windbreaks; agroforestry 
production; biodiversity and gene conservation; urban beautification; reestablishment 
of native, rare, and endangered species; cooling and shade; soil stabilization and 
rehabilitation; watershed and fisheries protection; air quality; wood products and 
fuelwood; medicinal and cultural plant availability; recreation, tourism, and aesthetic 
values; and more. In an examination of 20 conservation, restoration, and improved land 
management actions as pathways to achieve the Paris Climate Agreement goal of 
ƘƻƭŘƛƴƎ ǿŀǊƳƛƴƎ ǘƻ ōŜƭƻǿ нϲ/Σ ǊŜŦƻǊŜǎǘŀǘƛƻƴ ǊŀƴƪŜŘ ƘƛƎƘŜǎǘ ƛƴ ŎƭƛƳŀǘŜ ƳƛǘƛƎŀǘƛƻƴ 
potential (Griscom et al. 2017). Stopping deforestation and restoring forests could 
effectively remove as much carbon dioxide as eliminating all cars in the world 
(Minnemeyer et al. 2017). In an economic analysis of large-scale ecosystem restoration, 
Verdone and Seidl (2017) estimate that achieving the Bonn Challenge would generate a 
net benefit of between US$0.7 and US$9 trillion. 

By examining some simplified calculations, the need for nurseries is obvious. 
For example, meeting the expanded Bonn Challenge of 350 x 106 (million) hectares 
restored by 2030 at a target density of 500 plants per hectare would require 
establishment of 175 x 109 (billion) plants. Assuming a relatively high survival rate of 
80% means that nearly 220 x 109 plants would need to be outplanted (roughly 18.3 x 
109 seedlings per year during the 12 years until 2030). Land-use objectives and 
restoration strategies will vary greatly, but these generalized calculations illustrate the 
enormous quantity of established plants needed to meet ambitious targets currently 
set forth. While natural regeneration and direct seeding will likely meet a significant 
portion of that need, the demand for high-quality, nursery-grown seedlings is still 
staggering. Although many large, industrial nurseries in the world can produce up to 50 
million plants annually, most of these nurseries are already at capacity and do not 
necessarily contribute to global restoration objectives described in Table 1. 
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Table 1. Many national and multi-national programs have established commitments for restoration, conservation, 
ǎǳǎǘŀƛƴŀōƛƭƛǘȅΣ ŀƴŘ ōƛƻŘƛǾŜǊǎƛǘȅΦ ¢Ƙƛǎ ǘŀōƭŜ ƛǎ ōȅ ƴƻ ƳŜŀƴǎ ŜȄƘŀǳǎǘƛǾŜ ōǳǘ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ Ǝƭƻōŀƭ ŎƻƳƳǳƴƛǘȅΩǎ ǊŜŎƻƎƴition of 

the critical need for wide-scale ecological restoration.  

Program Objectives Details 

Bonn Challenge 

Restore 150 million hectares of 
deforested and degraded land 

around the world by 2020 and 350 
million hectares by 2030 using a 

landscape approach 

A global effort launched in 2011 to restore ecological 
integrity and improve human wellbeing. As of late 2017, 

45 commitments have pledged a total of 156 million 
hectares for restoration. http://www.bonnchallenge.org/ 

New York 
Declaration on 

Forests 

Endorsed and extended the Bonn 
Challenge and strives to cut forest 
loss in half by 2020 and to end it 

by 2030 

The NYDF is a voluntary international declaration and 
was first endorsed at the UN Climate Summit in 2014. 

http://forestdeclaration.org/ 

Agenda for 
Sustainable 

Development 

Achieve 17 Sustainable 
Development Goals (SDG) to end 
poverty, promote prosperity, and 

protect the planet by 2030 

Adopted in 2015 by world leaders at a UN Summit. SDG 
15 is to protect, restore, and promote sustainable use of 

terrestrial ecosystems, sustainably manage forests, 
combat desertification, and halt and reverse land 

degradation and halt biodiversity loss. 
http://www.un.org/sustainabledevelopment/ 

REDD+ (Reducing 
Emissions from 

Deforestation and 
Forest Degradation 

in Developing 
Countries) 

Provide guidelines to encourage 
developing countries to reduce 

emissions through forest 
management options 

Negotiated under the UN Framework Convention on 
Climate Change since 2005. Provides a web platform to 

publish information about REDD+ activities. 
http://redd.unfccc.int/ 

Micronesia 
Challenge 

Preserve 30% of near-shore 
marine resources and 20% of 
terrestrial resources by 2020 

Multi-jurisdiction commitment by the Federated States 
of Micronesia, the Republic of the Marshall Islands, the 
Republic of Palau, Guam, and the Commonwealth of the 

Northern Mariana Islands. 
http://themicronesiachallenge.blogspot.com/ 

Initiative 20x20 
Restore 20 million hectares of land 

in Latin America and the 
Caribbean by 2020 

This initiative is in support of the Bonn Challenge. 
http://www.wri.org/our -work/project/initiative-20x20 

AFR100 (African 
Forest Landscape 

Restoration 
Initiative) 

Restore 100 million hectares of 
deforested and degraded land in 

Africa by 2030 

This project supports the Bonn Challenge, the NY 
Declaration, and the African Resilient Landscapes 

Initiative. http://www.wri.org/our-work/project/AFR100 

The Atlantic Forest 
Restoration Pact 

Restore 15 million hectares of 
forest in Brazil by 2050 

Launched in 2009, the Pact involves a coalition of 260+ 
stakeholders, including governmental agencies, private 

sector, NGOs and research institutions. 
http://www.pactomataatlantica.org.br/ 

Aichi Biodiversity 
Targets 

Conserve biological diversity by 
implementing the twenty targets 

by 2020 

Developed by the Convention on Biological Diversity as 
part of the Strategic Plan for Biodiversity. 

https://www.cbd.int/  

Plant for the Planet Plant 1 x 1012 trees 
Launched by the United Nations Environment 

Programme in 2006. https://www.plant-for-the-
planet.org/ 

Plant a Billion Trees Plant one billion trees by 2025 
Worldwide campaign organized by the Nature 
Conservancy. http://www.plantabillion.org/ 

APEC Sustainable 
Forest Product Trade 

Increase forest cover by at least 20 
million hectares by 2020 across 

APEC 

Established by ministers from Asia-Pacific Economic 
/ƻƻǇŜǊŀǘƛƻƴ ƳŜƳōŜǊǎ ǘƘǊƻǳƎƘ ǘƘŜ hŎǘƻōŜǊ нлмт ά{Ŝƻǳƭ 

{ǘŀǘŜƳŜƴǘέ ƘǘǘǇǎΥκκǿǿǿΦŀǇŜŎΦƻǊƎκaŜŜǘƛƴƎ-
Papers/Sectoral-Ministerial-

Meetings/Forestry/2017_forestry 
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In spite of their obvious role in forest and landscape restoration, nurseries are 
ǊŜƎǳƭŀǊƭȅ άƻŦŦ ǘƘŜ ǊŀŘŀǊΦέ CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǊŜŎŜƴǘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŦƻǊŜǎǘǊȅ ŎƻƴŦŜǊŜƴŎŜ ǳǎŜŘ 
the image of a seedling for all its materials, yet very few presentations focused on seed, 
seedlings, or nurseries were included. In another example, a publication on 
international standards for restoration had an image of a seedling on the front cover 
but did not include any standards for seedling production or quality. Governments and 
other entities often consider nursery establishment and/or support to be a low priority. 
Established nurseries, especially those that are publicly funded and/or grow non-
commercial crops, can be viewed as expendable and must regularly justify their 
existence and need for continued support and maintenance (e.g., Beogo et al. 2017; 
Iowa DNR 2016). Managers of restoration nurseries often express frustration that they 
are seemingly invisible when it comes to planning, funding, training, and other 
resources and that there is an overall lack of recognition and understanding regarding 
their contribution to restoration success (personal observations). Obtaining quality 
seedlings from a nursery can be one of the last aspects that a restoration project 
manager considers (if at all). In fact, seedling and nursery specifications should be one 
of the first considerations. This oversight can result in nurseries being excluded in the 
planning stages or allocation of resources for restoration projects and can have far-
reaching and long-term economic and environmental consequences. These examples, 
along with dozens of others, are indicative of the pervasive absence of attention to the 
integral role of nurseries in restoration programs. 

Failure to support and value nurseries occurs in developing and developed 
countries. In the U.S., several states have closed their nurseries, resulting in seedling 
shortages for small landowners to reforest following harvest, wildfire, or other 
disturbances (IFA 2016; NASF 2016; Riddle 1988; Zippay 2008). Additionally, the U.S. 
Forest Service once had dozens of forest nurseries across the country but most have 
closed (Dumroese et al. 2005). Similarly, most government nurseries in Canada have 
been closed or privatized (Van Eerden 2002). Policy and regulations can result in 
inefficient production of government-run nurseries. In many instances, private 
nurseries can meet local demands. Nonetheless, government nurseries fill an important 
role that cannot always be met by private nurseries such as education, smaller scale 
production of a variety of species, and sales to smallholders. 

Lack of support or attention to the importance of nurseries is not the case in all 
instances. Companies that grow seedlings for profitable crops such as timber, cacao, 
biomass, ginseng, and ornamental landscape plants (to name a few) recognize the 
critical importance of high-quality plants and the necessary investment into nurseries 
to meet their goals (Figure 1). Although continued research into seedling physiology and 
production practices is always needed, an abundance of science-based nursery 
technology has already been developed for producing both bareroot and container 
plants at small or large scales for a variety of circumstances and with high-tech or low-
tech approaches (Dumroese et al. 2012; Duryea and Landis 1984; Gregorio et al. 2010; 
Haase 2008; Haase et al. 2011; Jaenicke 1999; Landis et al. 1989-2010, Liegel and 
Venator 1987; Longman 2002; Munjuga et al. 2013; Wilkinson et al. 2014). When 
nurseries are not considered a high priority, however, they do not receive this 
technology or the resources to function adequately. 
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Figure 1. Nurseries that produce seedlings for profitable commodities, such as these eucalyptus seedlings in Chile (left) or 
conifer seedlings in the northwestern USA (right), often have more investment into infrastructure, supplies, and training 

for optimum application of nursery technology than do nurseries that produce plants for restoration purposes.  

2 Role of quality nurseries to meet restoration needs 

The misconception that growing plants is easy is widespread, perhaps partly 
due to the common practice of agricultural production. In reality, however, plant 
production requires specialized knowledge and attention to many important factors to 
be able to deliver adequate quantities of high-quality plants from appropriate genetic 
seed sources to the land manger in a timely manner. This process relies on the Target 
Plant Concept (Dumroese et al. 2016b; Landis 2011) which starts with a partnership 
between the client and the nursery manager to focus on putting the best plant materials 
on specific project sites. Answers to important questions about the project and the site 
define the target plant material needed to meet project objectives. The nursery 
produces the plant material and the client monitors outplanting performance. The client 
and nursery manager assess successes and failures and use that information to improve 
future plant production (Figure 2). 

 

Figure 2. The Target Plant Concept is used to define specific plant characteristics and guide nursery production based on 
project objectives and site conditions (from Wilkinson et al. 2014).  
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When propagating quality seedlings, nursery personnel must be knowledgeable 
in the physiology, morphology, phenology, genetics, and ecotype of each species 
through its nursery stages of germination, active growth, and hardening. Based on those 
characteristics, they can choose to propagate from seeds or from vegetative material 
and apply specific culturing techniques (e.g. irrigation, fertilization, pest management, 
etc.) accordingly to achieve target specifications based on conditions at the outplanting 
site (Haase et al. 2016; Dumroese et al. 2016a; Dumroese et al. 2016b; Landis et al. 
1989-2010). The nursery environment (e.g., annual temperature and precipitation 
patterns, and water quantity and quality), supplies, and equipment for effective 
culturing are also key factors to consider for successful nursery production. For 
container nurseries, growing structures and available growing medium must also be 
considered and for bareroot nurseries, good soil characteristics for plant production are 
critical. 

Many nurseries also serve as a seed bank, providing storage for multiple species 
and seed provenances within a given region (Figure 3). Seed shortages are problematic 
for restoration (Burley 1980; Carandang et al. 2006; Gregorio et al. 2015; Nyoka et al. 
2015), especially for seeds of tropical species that cannot be stored (Hong and Ellis 
2002). In addition to seed storage, some nurseries establish and maintain seed orchards, 
stooling beds, and other sources of propagative material. For each species, knowledge 
of seed maturity patterns, collection techniques, cleaning and storage procedures, and 
treatments to break seed dormancy are required (Bonner and Karrfalt 2008; Dumroese 
et al. 2016a; Vozzo 2002). These activities and expertise not only function to maintain 
adequate seed supplies for nursery production, but also to conserve genetic resources 
and diversity, and to establish seed inventories that can be used for direct seeding. 

 

Figure 3. Many nurseries specialize in seed collection, processing, and storage, thereby serving as a regional seedbank for 
nursery production and direct seeding needs. Expert nursery staff can also ensure that genetically appropriate seed are 

used for specific restoration sites. The seeds in this photo are kept at controlled temperature and humidity conditions and 
are part of a seedbank to provide several species and provenances for reforestation and restoration in New Mexico, USA.  

Successful nurseries can also provide extension services to educate landowners 
and land managers on selecting appropriate species and provenances, establishing 
target plant characteristics, ensuring genetic diversity, maintaining seedling quality, and 
using proper planting techniques to optimize long-term outplanting success. In addition, 
nurseries can provide educational programs to local schools, universities, and 
communities regarding plant biology, restoration, and conservation. Some nurseries 
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include demonstration plots for a variety of species (Figure 4). Many nurseries are also 
instrumental in developing new propagation technology for specific species in their 
region to improve production, quality, and field performance. 

 

Figure 4. Demonstration plots, such as this one adjacent to a nursery in Guam, are useful for increased understanding of 
ǎǇŜŎƛŜǎΩ ƎǊƻǿǘƘ ǊŀǘŜǎ ŀƴŘ ǇŀǘǘŜǊƴǎΦ ¢ƘŜ ŜȄƘƛōƛǘƛƻƴ ƻŦ ƳŀǘǳǊŜ Ǉƭŀƴǘǎ Ŏŀƴ ŀƭǎƻ ƘŜƭǇ ǘƘŜ ƭŀƴŘ ƳŀƴŀƎŜǊ ŎƘƻƻǎŜ ǿƘƛŎƘ ǎǇŜŎƛŜǎ 

are most appropriate to plant for a given project.  

A high-functioning nursery can contribute significantly to the economic well-
being of the local and regional community by providing employment to nursery workers 
and income to the farmers and land managers who establish the plants on their land. In 
Cameroon, a program to establish village nurseries in poor rural communities resulted 
in improved livelihoods, diet, health, and income generation (Tchoundjeu et al. 2010). 
In South Africa, nurseries are recognized as contributors to rural environmental 
knowledge but face challenges in becoming financially independent (Botha et al. 2006). 
Well-developed nursery networks can provide gainful employment to local citizens as 
well as high-quality seedlings for outplanting projects (e.g. Schnepf and Davis 2013). 
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3 Alternatives to nursery-produced plants 

Reluctance to establish or support plant nurseries can occur when land 
managers focus solely on natural regeneration or direct seeding strategies to achieve 
plant establishment. These approaches can be effective and offer the advantage of 
rapidly covering large, sometimes difficult-to-access, areas at relatively low costs 
(Chazdon and Guariguata 2016; DǊƻǎǎƴƛŎƪƭŜ ŀƴŘ LǾŜǘƛŏ нлмт; Palmerlee and Young 
2010). 

Seed efficiency can be low with these approaches, thereby requiring an 
abundant seed supply to compensate for low germination and high seed predation. In 
a review of 75 direct-seeding trials of tropical, temperate hardwood, and conifer 
species, overall germination was 44% and survival after at least one growing season was 
нм҈ όDǊƻǎǎƴƛŎƪƭŜ ŀƴŘ LǾŜǘƛŏ нлмтύΦ LŦ ǎŜŜŘ ŀǾŀƛƭŀōƛƭƛǘȅ ƛǎ ƭƛƳƛǘŜŘΣ ƴǳǊǎŜǊƛŜǎ ƘŀǾŜ ŀ ƳǳŎƘ 
higher seedling-to-seed ratio. A review of 120 publications reporting on experiments 
using seeds or seedlings in a range of ecosystems found that direct seeding had 
significantly lower survivorship than planting seedlings (Palma and Laurance 2015). 
Similarly, a meta-analysis of nearly 250 plant species reintroductions worldwide found 
that the use of seedlings resulted in higher survival rates compared with seeds in the 
first year after reintroduction (Godefroid et al. 2011). 

When relying on direct seeding or natural regeneration, land managers have 
little control over density, distribution, and species composition of the established 
seedlings. For successful natural regeneration, seed trees must be within a reasonable 
distance for seedfall and animal dispersal to adequately seed the area. Natural seed 
sources can be unreliable, however, due to unpredictable seed production from year to 
year. If restoration goals include the use of new seed sources to implement assisted 
migration to address climate change (Williams and Dumroese 2013) or to use genetically 
selected seed to improve tree characteristics or pest resistance (Dumroese et al. 2015b), 
then natural regeneration is not an option. When natural seed sources are too far away 
or seed availability is low, seedlings produced in nurseries can be the most effective and 
efficient means for ensuring the right plants are planted in the right place and will 
survive and thrive after planting. 

4 Economic and environmental consequences of inadequate nursery 
facilities and inexpert staff 

Nurseries without proper facilities, supplies, or skilled staff tend to produce 
poor-quality plants (Edralin and Mercado 2010; Gregorio et al. 2017; Harrison et al. 
2008), particularly without a corresponding investment in level-appropriate training. 
Untrained nursery staff are usually well meaning but lack the knowledge for growing 
plants that meet morphological and physiological quality targets. Common issues are 
low germination, deformed roots (Cedamon et al. 2005; Takoutsing et al. 2014) (Figure 
5), undesirable shoot-to-root ratios (Takoutsing et al. 2014) (Figure 6), insect, weed, or 
disease infestations (Figure 7), and overall poor vigor (Figure 8). These issues, combined 
with insufficient resources (Figure 9) and poor management, can lead to high staff 
turnover, loss of customers, and nursery closure. 
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Figure 5. Deformed root systems are one of the most common problems that occur when nurseries lack appropriate staff 
training and when timing is not well coordinated with outplanting activities. These deformations can persist for many 

years after planting and can result in problems such as reduced vigor, increased susceptibility to toppling, and poor access 
to soil water and nutrients.  

 

Figure 6. Without proper culturing, the root-to-shoot ratio of nursery-grown seedlings can become very unbalanced. After 
outplanting, the root system will be unlikely to support the large shoot, especially in the absence of irrigation and 

fertilization that may have sustained it while at the nursery.  
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Figure 7. Poor nursery management due to insufficient staffing or training can lead to numerous issues. At this nursery, 
these plants have become choked with weeds. The undesirable species will compete for water and nutrients and reduce 

growth and vigor of nursery plants.  

 

Figure 8. This nursery uses a low-quality growing medium resulting in poor drainage as well as nutrient deficiencies. In 
turn, seedlings are chlorotic, slow growing, and vulnerable to insect and pest infestations.  

Restoration projects that need nursery plants are negatively affected by 
insufficient plant quantities, few species choices, and/or low-vigor plants that do not 
survive or grow well after outplanting. Analysis of a rural nursery program in Cameroon 
cited several factors for nurseries growing below capacity including lack of technical skill 
(poor water management, insufficient maintenance of stock plants, etc.), lack of 
motivation or perspective, declining participation in group activities, and inadequate 
marketing knowledge or opportunity (Degrande et al. 2006). Beogo et al. (2017) noted 
the potential for private nurseries to provide jobs and contribute to conservation of 
plant diversity, but found that lack of public support and technical training hindered this 
sector. In South Africa, a study of 65 outreach nurseries identified several problems 
hindering nursery success including markets, business skills, pricing, institutional and 
community support, transportation, and more (Botha et al. 2006). 
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Figure 9. When funding was lacking for containers at this nursery, staff resorted to buying Styrofoam cups at the local 
grocery store. These cups can create issues with spiraled roots and can contribute to environmental pollution.  

In many cases, invasive species or seedlings from inappropriate seed sources 
are produced when nursery expertise and resources are insufficient (Dedefo et al. 2017; 
Gregorio et al. 2005; Harrison et al. 2008; Nyoka et al. 2015). Knowledge of genetic 
source and diversity and integrating that knowledge is a determining factor in 
restoration success (Godefroid et al. 2011; Thomas et al. 2015). If the geographic origin 
of the plants is inappropriate, project failures may not be evident for several years until 
the maladaptation becomes known. When sites are understocked, establishment and 
spread of invasive, competing vegetation can occur. When poor-quality plants are used, 
land managers will likely need to replant the site, thereby incurring additional costs. 

5 Overcoming barriers to address nursery priorities 

To run efficiently and effectively, a nursery requires skilled, knowledgeable, and 
enthusiastic staff, well-maintained and secure facilities, tools and supplies, and 
sustainable local sources of good-quality water, growing medium (or land with nutrient-
rich, well-draining soil for bareroot production), and genetically appropriate 
germplasm. A consistent demand for seedlings and the ability to transport and market 
seedlings are also key factors (Gregorio et al. 2015; Harrison et al. 2008). In addition, 
staff need opportunities for continued educational development through classes, 
workshops, and technical exchanges. Lack of technical or business skills and inadequate 
extension services are common constraints to nursery establishment and success 
(Carandang et al. 2006; Gregorio et al. 2005; Takoutsing et al. 2014). All training must 
ōŜ ŀǇǇǊƻǇǊƛŀǘŜ ŦƻǊ ǘƘŜ ǎǘŀŦŦΩǎ ŜȄƛǎǘƛƴƎ ǎƪƛƭƭǎ ŀƴŘ ǊŜǎƻǳǊŎŜǎΣ ǘƘŜ ƭƻŎŀƭ ŎǳƭǘǳǊŜΣ ŀƴd the 
target plant species and restoration sites. 

Nursery technical and financial support must be consistent and constant 
priorities. It is not enough to set up a nursery, purchase some supplies, and have a one-
week training course delivered by foreigners. Follow-up support and training are 
imperative to successfully implement technology, troubleshoot problems as they arise, 
replenish supplies, and empower staff to attain adequate knowledge, leadership, and 
independence. Roshetko et al. (2008) evaluated several nurseries in Indonesia and 
observed that steps to achieve successful nursery enterprises are: awareness and 
interest in the importance of quality seedlings; technical capacity to establish and 
operate nurseries; establishment of the nursery and related infrastructure; linkage with 


