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This chapter discusses issues pertaining to the production of planting material for
forestry. Forest nurseries are discussed in reference to their role in integrated forest
management. Types of nurseries are identified and their basic features described as well
as biological, economic, and management issues of significance to each type of forest
nursery. The roles of sexual and asexual reproduction in determining genetic
characteristics of planting stock are outlined. Relevant issues of nursery culture are then
discussed, for both bareroot and container nurseries, from the preparation for sowing
through care and protection of growing plants, to the time the stock is ready to leave the
nursery for planting. The significance of beneficial soil organisms to the growth of
plants in the nursery, and their role as an alternative to the chemical control of
pathogens is also brought up. The quality of planting stock is discussed briefly. The text
is largely based on nursery production practices in developed countries of the temperate
climate regions because nursery facilities, methods of stock production, and nursery
management have reached a considerable sophistication in these countries and can be
considered as state of the art. Not everything discussed in this chapter can be directly
applied to the management of forest nurseries anywhere in the world. However, many
issues can serve as the base from which one can start to look for solutions to locally
important problems.
1. Introduction

It is impossible to accurately estimate the number of tree stock produced worldwide for
planting forests. In part, this is due to problems with obtaining reliable records but also
due to the variation in interpreting as to what constitutes a forest and what does not. The
Global Forest Resource Assessment for the year 2000 (FAO, 2001) estimates that there
are 187 million ha of plantations worldwide representing about 5% of the global forest
area. About 62% of these plantations are in Asia with China and India having the largest
proportion of world’s plantations. Therefore, plantations are counted as a percentage of
world’s forests even though many lack the structural characteristics of a natural forest.
Apart from plantations, trees are also planted in semi-natural forests, in agroforestry
ventures, in public parks, and in urban areas throughout the world and year after year.
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These activities require a great number of planting stock and it is produced in huge
quantities annually, considering that a single modern nursery can turn out several
million plants each year. Unfortunately, tree planting automatically brings to mind the
practice of clear falling and replanting of natural forests. This view inadvertently
condemns planting as an integral part of devastation of the natural environment and its
replacement by an artificially created one. However, planted forests do not have to be
monocultures established mainly for wood production. Planting trees can be an
alternative or a supplement to the natural method of stand regeneration and a way of
introducing or returning forests to areas where they are currently absent. Perhaps the
controversy regarding planted forests pertains more to the management of these forests
than to the method of their establishment or renewal. Many properly managed forests
established by planting successfully fulfil multiple functions. They produce wood,
create habitats for wildlife, serve in water and soil conservation, stabilize slopes, protect
against winds, and support human enjoyment and recreation. It is important to
distinguish between planted forests and tree plantations consisting of fast-growing
species grown under intensive culture and short rotations. Many such plantations are
monocultures having little in common with real forests and they should not be viewed
as forests. It may be taken into account that such plantations help to meet demand for
wood and ultimately contribute to the conservation of natural forests, provided they do
not replace them.
This chapter reviews topics of relevance to the production of planting stock in forest
nurseries. It is largely based on forest nursery practices in developed, temperate climate
countries where nursery practices are usually highly sophisticated. However, what is
state of the art in one place may not be feasible, practical, or even desirable in another.
Readers interested in detailed and specific coverage of topics related to forest nurseries
should explore the vast literature available on the subject.
2. The unique character of forestry planting stock
2.1 Nursery-cultured planting stock

The majority of planting stock used in forestry comes from nurseries that specialize in
its production. Plants grown from seeds are known as seedlings, but this term has been
used liberally, also in reference to plants derived from vegetative propagation. Planting
stock for forestry is relatively small (especially when compared to the production of
ornamental trees or trees for urban planting) and it is produced in large numbers. Small
plants take relatively little time and space to grow in a nursery which keeps their unit
price low. Small plants are also easier and cheaper to handle, store, transport, and plant
than large plants. Essentially, planting stock for forestry is a rootstock from which a tree
is expected to grow.
2.2 Wildings

Plants from natural regeneration can be transplanted into the land destined for forest
planting. Such plants are called wildings. They are used where inadequate nursery
facilities, problems with supply of viable seeds, or some other obstacles prevent raising
planting stock of acceptable quality in nurseries. Transplanting wildings has many
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limitations. The plants can be injured during excavation, handling, transport, and
planting. Tropical and subtropical wildings are usually actively growing and have leaves
(leafy wildings) at the time of transplanting. They do not take handling well and must be
planted promptly to reduce the “in-transit” period. When plants growing under tree
canopies are excavated and planted into open sites, the rapid change in growth
conditions may kill the plants. Sometimes, wildings are first transplanted into a nursery
for some time where they can be watered and shaded. This allows the plants to
gradually adapt to more open growth conditions, and rebuild the root system. Wildings
constitute a small percentage of the planting stock used for planting the world’s forests.
3. The role of forest nurseries in forest management
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Many factors influence the way forests are managed in different parts of the world and
the way forest nurseries fit into local forestry operations. The scale and character of
forestry operations and the demand for the supply of planting stock are interdependent.
Owning a nursery (or nurseries) helps in matching demand with production of planting
material and controlling its quality. It creates opportunities for employment and builds
local expertise in operating forest nurseries. On the other hand, long-term flexibility is
reduced by the weights of investments and commitments made during nursery
development. Typically, large forest companies and governments managing forests tend
to establish their own nurseries, while small-scale forestry operators tend to purchase
the planting stock. Many independently owned nurseries have specialized in production
of planting stock for sale only.
4. Does the nursery affect the planting stock?

The so-called nursery effects have been reported and attributed to the modification of
the expression of genetic traits by the nursery environment. Different nurseries use
different cultural approaches for the production of their crop plants. This affects the
morphological and physiological characteristics of the plants produced. The location of
the nursery may impact on the phenology of the plants. Local nurseries may supply
plants better adapted to the local environment than far-away nurseries, although this
may apply little to nurseries using greenhouse culture. Nurseries build their reputation
on professional competence, reliability, honesty, and on the performance record of the
planting stock they supply. To many clients, the reputation of a nursery is the decisive
factor in choosing whom to deal with.
5. Types of nurseries
There are two main types of forest nurseries – barereoot and container nurseries. The
planting stock produced by these nurseries is called bareroot and container stock,
respectively. In bareroot nurseries, plants grow directly in the nursery soil and the roots
are separated from the soil at the time of lifting. The lifted stock is further handled and
planted without soil surrounding the roots. In container nurseries, plants are grown with
roots in a growing medium held in a container. Roots of lifted plants are covered by the
adhering growing medium. Some containers are degradable and do not have to be
removed before planting.
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5.1 Bareroot nurseries
Plants in bareroot nurseries (Figures 1-2) grow at ambient conditions, which makes
these nurseries best for areas of warm climates and long growing seasons. With suitable
soil, some species grow better in bareroot culture than in containers. Leafy hardwood
species often need appreciable growing space and do well in bareroot culture. Bareroot
nurseries require more land than container nurseries.
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The land must be suitable for cultivation without costly amendments and its price must
not be prohibitive. Ample supply of good quality water is a must. Bareroot nurseries are
typically labor demanding. The need for trained labor creates employment opportunities
and promotes the involvement of local communities in forestry operations. Although
many foresters believe that container stock survives and grows better after planting than
bareroot stock, this opinion is not always substantiated.
Many impressive forests that originated from bareroot stock can be found in various
parts of the world. Bareroot stock, having exposed roots, is more prone to mishandling
than container stock. It must be kept cold during transport and temporary storage and
every effort must be made to avoid exposing and drying the roots.
Several water-retaining compounds for application to roots of bareroot stock have been
developed to aid in avoiding root drying. Bareroot stock is not bulky; thus it is easy to
pack and transport to planting sites and be carried by planters.

Figure 1. Young coniferous seedlings growing in a bareroot nursery in central Europe.
The nursery is fenced around the entire perimeter. Irrigation lines visible
between nursery beds are supplied with water from a lake located near the
nursery.
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Figure 2. Broadleaf and coniferous (further in the background) seedlings grow in
bareroot beds. Note crop identification markers placed in nursery beds.

5.2 Container nurseries

Container nurseries may be open compounds or they may be greenhouse facilities
(Figure 3), where the physical environment is highly controlled. Climatic requirements
of the former type are comparable to those of bareroot nurseries because the plants
remain at ambient outdoor conditions. Container nurseries with greenhouse culture are
best for areas with colder climates and short growing seasons. With controlled
environmental conditions, it is possible to accelerate the growth of plants and, if
required, have more than one crop rotation each year. The danger of losing the crop due
to adverse climatic conditions, especially to frost, can be eliminated. Container nurseries
often use artificial growing media rather than the soil (although soil is sometimes used
as a part of the mix forming a growing medium). Therefore, the quality of the local soil
is of little or no importance to the nursery operations. The protection of the crop against
pests, diseases, and weeds is easier in container nurseries, especially in those using
sterilized artificial growing media, than in bareroot nurseries. Species with small seeds,
those that germinate weakly and grow slowly do better in containers than in bareroot
culture. Many coniferous species grow better in containers. Container nurseries are
efficient in the use of growing space because of high growing densities and relatively
small losses to culling. They use less water for crop irrigation and protection than
bareroot nurseries do. Usually, lifting and sorting the plants are the times of peak
demand for labor while only few employees are needed most of the time. Container
seedlings are more tolerant of handling and suffer less transplant shock than bareroot
seedlings. This is mainly the result of the root protection by the adhering growing
medium (sometimes also by the container). On the other hand, container seedlings are
bulky and take much space in storage and transport.
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Figure 3. A modern container nursery in Canada has automated heating, venting,
watering, and fertilizing systems as well as computerized control of
environmental conditions. The roof and side covers of transparent plastic can be
removed during hot weather.

5.3 A combination of container and bareroot nursery culture

This combination increases the flexibility of nursery operations and the ability to adjust
to tentative changes in the demand for planting stock. When larger planting stock is
needed, it is often started in small, densely spaced containers, then transplanted into
bareroot beds at greater spacing. Such planting stock is called container transplants. The
first step, usually carried out under greenhouse culture, improves the efficiency of seed
use by reducing losses in germination and early growth of the plants, compared to
sowing directly into bareroot beds. Planting stock from vegetative propagation started in
containers can also be transplanted into bareroot beds. The transplanting provides
spacing as needed while freeing up the more costly space of the greenhouse. Surplus
container stock or stock that failed to develop to the required specifications within the
expected time frame can be transplanted to a bareroot bed for further growth.

6. Establishing a new nursery

6.1 Economic and logistical considerations
There is a sizable literature offering advice on how to start a new nursery, what kind,
and how to evaluate the probability of its success as a business venture. Much of this
literature reflects the realities of its place of origin. The literature from countries with
free-market economy emphasizes the importance of market analysis, evaluation of profit
margins compared to alternative investment of the capital, and other considerations
characteristic of this type of economy. Under different circumstances, for instance,
where forestry is run by the state or when it is monopolized, factors such as competition
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for business or recent trends in the world’s stock markets may be of little, if any,
importance.
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It goes without saying that the investment in the development of a nursery should be
economically justified in any situation. Various issues need to be considered when
deciding the appropriate type of nursery. These are: the demand for particular types of
planting stock, the cost of the land, the necessity of constructing support facilities,
availability and cost of required equipment, and (for greenhouse culture) the availability
of cheap energy. It must be evaluated how the nursery products will fit in to the existing
planting practices, and if changes to these practices are likely in the near future. It is
logical to produce planting stock that matches the tools or machines used for planting.
Sometimes, certain kinds of planting stock are simply preferred over others. The
suitability of the land for agricultural purposes is extremely important to bareroot
nurseries, but is of no issue to container nurseries because the plants will not be grown
in the nursery soil. The preparation of the land for a bareroot nursery may be costly. The
land for a container nursery usually needs minimal preparation. The cost of the land is
an issue for any nursery type but other expenses depend greatly on the size (or
production capacity) and the degree of sophistication of nursery operations. In both
bareroot and container nurseries, there is great variation in the degree of mechanization
of operations, the cost, and the complexity of the supporting infrastructure.
6.2 Choosing a site for a nursery

A team of specialists including experienced growers should survey several potential
nursery sites. Issues of importance when evaluating alternative sites for a nursery can be
roughly divided into two groups – issues of biological importance and those of logistical
significance.
-
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