CHAPTER

21

Nursery Production

Chapter Outcomes
After studying this chapter, you will be able to:
•
•
•
•
•

Describe elements related to the market niche for nursery operations.
Discuss production methods of nursery operations.
Describe sustainable nursery production practices.
Identify nursery-grown plant materials.
List careers related to nursery production.

Words to Know
capillary mat
circling
crown
drip irrigation
electrical conductivity (EC)
leachate

mechanical transplanter
oscillating sprinkler
phytosanitary
certificate
pot bound
root pruning

socket pot
substrate
suction lysometer
sustainable nursery
water sprout
winterization

Before You Read
Take two-column notes as you read the chapter. Fold a piece of notebook paper in half
lengthwise. On the left side of the column, write main ideas. On the right side, write subtopics
and detailed information. After reading the chapter, use the notes as a study guide. Fold the
paper in half so you only see the main ideas. Quiz yourself on the details and subtopics.
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A

plant nursery facilitates growth of plant material under a number of different
conditions. Nurseries grow seedlings, transplants, stock plants for propagation,
container plants, and field-grown plants. These plants may include ornamental
or edible trees, shrubs, bulbs, grasses, groundcovers, herbaceous perennials, and
annuals, Figure 21-1. Nurseries may incorporate growing structures into their
production that can include greenhouses, high tunnels, and shade or lath houses.

Market Niche
“Effective

marketing is the
key to profitability.”
—Author unknown

Nursery businesses are found in the United States and around the globe.
Like other businesses, a nursery tries to identify one or more specific areas of
a broad market for which it will produce products. This specific area is called
a market niche. Nurseries find their market niche based upon the nursery site
location, the types of plants that are cultivated, and production methods.
Like all businesspeople, entrepreneurs in the plant industry must work
hard. An extensive knowledge of plants, marketing, and management are
essential for success.

Site Selection
When selecting a nursery site, several characteristics should be
considered. These include the location, growing conditions, soil type, water
and utility availability, and existing structures or barriers. The topography
of the site should have a slight grade of less than 5%. A site that is very low
lying or has high hills should be avoided due to frost pockets or high winds.

Elena Pavlovich/Shutterstock.com

Figure 21-1. These plants, a number of differently shaped conifers, are growing in a
field nursery.

538 Horticulture Today

Copyright Goodheart-Willcox Co., Inc.

Chapter 21 Nursery Production 539

Crops
Crops depend on market demands
and the types of plants suited for the site.
Specialty crops suited for a niche market are
best produced in small nursery operations.
Greenhouse production can increase what
can be grown in a native environment, but a
greenhouse may be costly to heat and cool.
Outdoor facilities can only grow material
that is suited for that USDA hardiness zone,
Figure 21-2.

Types of Nurseries
Nursery crops are marketed (advertised
and sold) via several avenues, which
include wholesalers, re-wholesalers, mailorder companies, retailers, and landscapers.

Ruud Morijn Photographer/Shutterstock.com

Figure 21-2. The winter means a reduction in temperature.
Nursery managers must ensure that the plant material is
protected and that winterization takes place. What materials
could be used for proper winterization of a nursery?

Wholesalers
Wholesalers sell plants at low prices to retailers, landscapers, and
re-wholesalers. The plants are sold at significantly reduced prices compared
to what consumers pay for plants. This is possible because the wholesaler
sells fewer types of plants but in greater quantity. They may
specialize in a particular type of plant, such as conifers,
evergreens, roses, or herbaceous perennials, to help them
keep cultivation costs low.

Re-wholesalers
Re-wholesalers are businesses that purchase diverse crops
from wholesalers and sell them to landscapers. The landscapers
may require more diverse plant material and in smaller
quantities than a typical wholesaler may wish to provide.

Mail-Order Companies
Mail-order companies sell directly to consumers
through print catalogs and websites. Orders are delivered
rather than picked up by a customer at a retail outlet.
Mail-order nurseries sell plants in containers or bare root
because of high shipping costs. Specialty nurseries thrive
doing mail-order sales because a customer can order plants
regardless of the customer’s location.

Retailers
Retailers sell directly to the final customer. Businesses
must be conveniently located for their customer base. These
businesses can grow their own plant material or purchase
and resell plants from a wholesaler, Figure 21-3.
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Figure 21-3. A retail nursery worker
should be friendly to customers and be
knowledgeable about plant material.
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Career Connection

Tony Avent

Plant Delights Nursery
Almost 30 years ago, Plant Delights Nursery in Apex, North Carolina,
was fo
ounded to serve and help fund the Juniper Level Botanic Garden.
Tony Avent, a horticulturist who studied at North Carolina State University,
wante
ed to explore the world and collect plants. He was driven to acquire
uniqu
ue plants and display them at his garden.
Juniper Level Botanic Garden also served as a facility for
propa
agation and research for Avent. Through his selection, propagation,
and cultivation of Hosta, Colocasia, Epimedium, and numerous other
ornam
mental perennials, Avent created a mail-order business, supplying
custo
omers with specimens from the garden collection. Throughout the
year, dedicated nursery workers ship plant materials all over the world
to
o anxxiously awaiting customers. Plant Delights Nursery now devotes
10% of its income to Juniper Level Botanic Garden.
The myth that a nursery cannot be lucrative has been disproven
by Pla
ant Delights Nursery. Tony Avent also authored a book called
So, Yo
ou Want to Start a Nursery. If you are interested in starting your
own mail-order or other type of nursery, reading his book would be a
perfecct starting point.

Photograph by Seny Norishin
ngh

Landscapers
Did You Know?
In the United States,
nursery-grown crops
are valued at nearly
$7 billion and account
for nearly 40% of all
horticulture crops grown.

Landscapers are businesses that design and install plants and garden
features or structures. Landscape nurseries grow products for their own use.
They may also have some plants to sell to their landscape clients or other
customers. Landscapers want plants in large sizes to give a finished look
to the gardens they install. They also use balled and burlapped wood plant
materials. Landscapers want plant material that is identified by cultivar and
of high quality.

Licensing and Shipping Regulations

“Marketing is too

important to be left
to the marketing
department.”
—David Packard

Government agencies such as the USDA regulate nursery operations.
Nurseries must obtain permits or licenses to grow plants through their state
government. Nurseries must have a dealer license to sell plants and must
obtain additional licensing to sell plants out of state. When plants cross a
state or international line, they require a special phytosanitary certificate.
This official document states that the plant material has been inspected and
appears to be free of pathogens, insects, and weeds.

Market Outlook
Since 2006, the nursery industry and green industry has suffered from
the housing market crash and economic downturn. When building of
housing developments nearly ceased, so did the demand for green products,
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such as trees and shrubs. In addition to a lethargic housing market, sluggish
consumer spending, high costs of inputs, and increased labor expenses led to
a downturn in the nursery industry.
In 2013, however, the housing market increased, and the need for plant
material swelled. Economic recovery in the United States allowed nursery
growers to begin to see profits increase. According to some cooperative
extension agencies, about 35% of nursery growers are now ready to make
increases in capital investment and prepare for future of growth.

Did You Know?

Production Methods
Nursery operations use one of three production methods: the
container-grown method, the field-grown method, or the pot-in-pot
(PNP) method. Each method of cultivation has its own advantages and
disadvantages. A nursery operator
must decide which method meets
the needs of its customers, plant
materials, and growing environment.

Container-grown crops
generate about ten
times more sales than
field-grown crops.

Container-Grown
Production
Almost 80% of all nursery crops
are planted in containers because these
plants are popular with customers.
Container-grown plants are cultivated
with soilless media in a variety of
container types. The plants are then
grown in greenhouses, tunnels, or
in the ground in nursery operations,
Figure 21-4.

Rigucci/Shutterstock.com

Figure 21-4. Container-grown nursery material provides a number of
advantages over other methods of nursery production, such as ease
in transportation and lower weight than field-grown plant material.

Hands-On
Phytosanitary Certification
Who authorizes phytosanitary certificates in
the United States? Several government agencies
work together to regulate phytosanitary certificates.
These organizations include:
• Uni
nite
ted
d St
Stat
ates
es Dep
epar
artm
tmen
entt of Agr
gric
icul
ultu
ture
re (US
USDA
DA))
• Animal Plant Health Inspection Service (APHIS)
• APHIS Plant Protection and Quarantine (PPQ)
• National Plant Protection Organization (NPPO)

Copyright Goodheart-Willcox Co., Inc.

These agencies work together to regulate
importation and exportation of plant material. Now,
imagine the process and paperwork that is needed
for plant material to be secured through these
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Did You Know?

Types of Containers

Several factors influence the type of containers a nursery grower uses.
The cost, size, shape, shipping capacity, durability, appearance, insulation
value, features that control root growth, and sustainability of the material all
play a role in which container is used.
• Cost. The cost needs to be low. Thousands to millions of pots are used
annually by small and large nurseries alike. Containers can be a major
expense in production.
• Size. Nursery containers range in size. They are often sold based upon
volume of media held by the container (1 gallon, 3 gallons, 5 gallons).
• Shape. The shape of the container plays a role in ease of stacking and
storage as well as the ability to withstand tipping in the greenhouse.
• Shipping capacity. This determines how many
of a particular size and shape of pot can be
shipped for delivery.
• Durability. The length of time that a plant
will be housed in a container should match
the life span of a container. Plastic, fiber,
metal, and wood are useful for different
amounts of time.
• Appearance. In retail nurseries, customers
want a container that is attractive. Nurseries
also have a chance to advertise or brand their
product on containers to entice customers. This
is less important to landscapers, who typically
weerayut ranmai/Shutterstock.com
use black, round pots, Figure 21-5.
Figure 21-5. Paper pots or bag pots have been used
• Insulation value. Growers in places with
to produce plants. Many nursery workers feel that
extreme cold temperatures or cycles of frosts
this method of cultivation is a more viable option for
and thaws must pay close attention to how well
twenty-first century horticultural production.
the container insulates roots.
• Features that control root growth. Copper
can control root growth. Plants grow taller,
are less pot bound, and leach less water in
these pots. Fiber pots treated with copper do
not decompose as quickly as other fiber pots.
When roots come in contact with the copper,
they die back. This helps prevent circling
(roots growing around the inside of the pot) or
pot bound (roots filling the pot) root formation.
See Figure 21-6.
• Sustainability of material. Containers that
are recycled, biodegradable, or sourced from
Scott Latham/Shutterstock.com
renewable resources are popular with many
Figure 21-6. A problem associated with container
nursery growers. These materials are effective
production is that roots may circle the pot or become
for
plant production and friendly to the
pot bound. There are ways to prevent this irregular root
environment.
growth. What is one way to reduce pot circling?
The American Nursery
and Landscape
Association (ANLA)
was established in
1876 and is the national
trade association for the
nursery and landscape
industry. The ANLA
provides education,
outreach, research, and
representation to its
members.
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Corner Question

STEM Connection
Container Engineering
The nursery industry has discovered that modifications made to plant
containe
erss can control plant root growth.
• Botttomless pots. These containers lack a bottom. When roots grow
to
o th
he bottom and are exposed to air they die back. This is called air
prrun
ning. This causes significant branching and a more robust root
syysttem within the pot. These containers are made of plastic or paper.
• Ribb
bed containers. Dr. Carl Whitcomb invented a unique container of this
ty
ype
e called the RootMaker. RootMaker containers have staggered walls and
a sta
aggered bottom. This container design prevents root circling and forces
ro
ootts to grow downward and outward to holes that direct the path of the roots.
• Cop
pper-coated containers. Growers may use a commercial paint with
co
opper embedded in the product to coat nursery pots. They may also
pu
urcchase nursery containers with copper embedded in the container
wallls. These products can help nursery growers avoid pot bound plants.

How many acres does
a container nursery
operation need to be
profitable?

Did You Know?
The oldest pine tree
in the world is a
bristlecone pine; it is
over 5000 years old.

Planting
To be successful, growers must plant crops that are
appropriate for the nursery’s growing environment.
Countless plants and cultivars can be selected, but
they must be suitable for the site (greenhouse, tunnel,
or outdoor area). Once a crop is selected, the nursery
manager must choose the appropriate container and
substrate (growing medium or material in which a
plant’s roots grow).
©iStock/naruedom
Aged pine bark is the most commonly used
Figure 21-7. Pine bark is a major component of most
growing medium in the nursery industry, Figure 21-7.
nursery substrates. It is a sustainable component
Other amendments, such as peat and sand, can be
and a welcome alternative to peat moss.
added to create a better growing medium.
The medium must be well drained and able
to hold some moisture. It must also allow
for resaturation (holding liquid again after
drying out).
Plants must be potted either manually or
with some automated help. Automation can
include potting machines that physically fill up
containers with media in place of employees.
Both labor and automation are significant
costs. Automation, unlike labor, has higher
initial costs but returns on the investment will
likely be seen in time, Figure 21-8. Wholesale
HildaWeges Photography/Shutterstock.com
operations often use automation to reduce
Figure 21-8. An automated planter increases the speed of
costs of production in the long run.
nursery planting.

Copyright Goodheart-Willcox Co., Inc.
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Maintenance

hans engbers/Shutterstock.com

Figure 21-9. A method of monitoring pest populations rests with
insect strips. These traps collect insects and allow nurserymen
to identify and count pest populations.

Plants in containers must be heavily
irrigated. Growers may choose to use drip
systems, overhead irrigation, or capillary
mats for most nursery-grown plant material.
Growers must cluster similar plants together
to ensure the plants are watered similarly.
Nutrient applications can be
controlled-release fertilizers or fertigation
applications. Growers need to determine
which method best meets the needs of
the crop. Additional maintenance of
container-grown crops includes pruning,
winterization (protection from cold and
harsh conditions), weed control, disease
control, algae control, and insect control,
Figure 21-9;. These maintenance factors all
must be closely monitored and regulated by
the nursery manager.

Harvest
Nursery-grown plants can be harvested at various stages, which can include:
• Liners—plants that will be transplanted and grown into a saleable size
plant.
• Whips—straight stems with some branching. Whips are often
seedlings that are one to two years old.
• Finished materials—plants that have all the characteristics of a mature
plant.
These crops can be harvested any day of the year. The labor that is
required for harvesting is very light. Harvest may involve simply picking up
and moving the plants in containers.

Field-Grown Production
Until the mid-1900s, field-grown production was nearly the only method
of production in the United States. Unlike container production, growers pay
particular attention to the soil’s profile and overall health. Success in fieldgrown production depends on the site location, crop selection, and planting
methods as well as proper maintenance and harvesting of crops. According
to the some cooperative extension agencies, at least 200 acres is needed for a
field-grown nursery to be profitable.

Corner Question
How much labor is
required for each acre
of container nursery
production?

Site Location
Site characteristics for field-grown nurseries are the same as many of those
needed for container-grown operations. A slight slope of less than 5% is ideal.
There should be few low valleys or high points where temperature variances
are significant. Few spots, if any, should support standing water or flooding.
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Accessible water and utilities are essential
for production. Nursery managers should
be aware of the site’s history. Was there
crop production? Were pesticides or
chemicals used?
The site’s soil is of the utmost
importance to a field-grown nursery
grower. If the nursery plans to grow
bare root crops, the soil must be sandy
and easily removed from roots after
harvest. For balled and burlapped (B&B)
production, the soil must stay firmly
attached to roots, which means it should
have some clay content, Figure 21-10.
J. Bicking/Shutterstock.com
The soil must be fertile, well drained,
Figure 21-10. A balled and burlapped plant should be planted
and free of some significant pests. Once
quickly after harvest. Unlike container plants that can be held in a
soil is analyzed, amendments of organic
pot for some time, B&B plants can suffer from delayed transplant.
matter and nutrients must be applied to
increase the productivity of the soil for
field-grown crops.
Did You Know?
Crops must be protected from wind, which can dry plant material. A
barrier of trees or shrubs may already exist along the perimeter of the nursery
Burlap is a coarse
fabric that uses a large
grounds. If there is nothing to help slow down the velocity of the winds, then
woven pattern made of
the careful planting of trees and shrubs to create a living fence is strongly
jute, hemp, or a similar
recommended for nursery operations of all types.
plant-based fiber.

Crop Selection
A nursery grower must select the
appropriate plant materials that will tolerate
the climatic conditions of the nursery and
the soil conditions. Growers can choose
from plants highly demanded by a given
market, grow crops that are part of a niche
market, or try uncommon species for
specialized customers. Whatever the choice
of the grower, the goal is to make profits.
This requires that there be customers
willing to purchase the plant products,
Figure 21-11.

Planting
When and how to plant will depend
on the type of plant material cultivated.
Nursery managers often plant rows of liners
between late fall and early spring. This
process can be accomplished manually or by
using mechanical transplanters (machines
that move plants from one place to another).

Copyright Goodheart-Willcox Co., Inc.

senee sriyota/Shutterstock.com

Figure 21-11. Plants in high demand, such as these droughttolerant succulents, are constantly changing depending
on market changes. Ten years ago, these plants were not
readily available but can be found globally today.
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g-stockstudio/Shutterstock.com

Figure 21-12. Planting a bare root plant may be easier for
nursery workers. This method is also good for shipping. Why
would bare root production save nurseries on shipping costs?

Crossover
branch
Stub

Water
sprouts

Diseased
part

Main branch
leader or trunk

Suckers

Goodheart-Willcox Publisher

Figure 21-13. Suckers and water sprouts should be
removed from plant material. Pruning can take place year
round, especially on plant structures like these.

The crown of the plant (where the stem and
roots meet) should never be planted below
the soil level. The crown should be at the
same depth at which the plant was previously
grown, Figure 21-12.
Plant material should be spaced in a row
spacing that permits optimum growth. Plants
should not crowd one another and should be
spaced according to the size desired upon sale.
During the first year after planting, plants may
require staking to help support straight growth
and prevent breakage during wind or rain.

Maintenance
Immediately after plants are placed in the
soil, irrigation or hand watering must take
place to saturate the soil. New plants are likely
to wilt from unestablished roots and will need
supplemental water for the first two years of
growth. After this, plants will only need water
supplied during periods of drought. Field
nurseries can be irrigated with drip lines or
overhead irrigation.
Fertilizer is applied before planting
and then as needed based on the results of
soil tests. Nutrients can be applied using
equipment such as a tractor when many
acres need fertilizing. Different soils, different
crops, and different times of the year will
require unique fertilizer applications that
must be accurately calculated, distributed, and
recorded.
Pruning is important for field-grown
crops. Pruning is done to remove dead,
diseased, or damaged stems. Stems that are
crossed, rubbing other stems, water sprouts
(stems that grow vertically from other stems
or branches), or suckers (plant stems that grow
from the base of the plant vertically, near the
trunk) must also be removed, Figure 21-13.
Successful pruning should maintain a natural
shape with compact growth. In another
method called root pruning,
g the roots of a plant
are severed to promote growth of some kind.
Root pruning can be done regularly or just
before harvest to ensure a better transplant.
Root pruning can create an output of more
fibrous roots or induce flowering or fruiting.
Copyright Goodheart-Willcox Co., Inc.
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Thinking Green
Human Waste as Fertilizer
The human effluent that is produced and put into sewage treatment
plants can have an incredible value for plants. Milorganite® is a rich, slowrelease fertilizer produced from a waste treatment plant in Milwaukee,
Wisconsin. Milorganite is produced by removing all water content and adding
heat-dried microbes to digest the organic matter in the wastewater. The
remaining water is cleaned and returned to Lake Michigan. The resulting
microbes are then dried, bagged, and shipped all over the country as
Milorganite fertilizer. Gardeners can use the waste product to fertilize all kinds
of plants while bettering the environment. Milorganite is one of the world’s
largest recycling efforts.

Corner Question
What pest lives in the
soil and can make it
impossible for nurseries
to ship their product to
other states?

Harvesting
In comparison to container-grown nursery
plants, harvesting field-grown crops is much
more labor intensive. Plants can be dug by
hand or a tree spade (a mechanical digger)
can be used. Ideally, harvesting takes place
in the months when plants are dormant and
less transplant shock can occur. However, the
demand for field-grown stock may be year
round, and harvesting must take place during
any season.
Plants are usually harvested for B&B
Zigzag Mountain Art/Shutterstock.com
within three to five years after initial planting.
Figure 21-14. The size of root ball that is dug or harvested
The caliper (diameter) of the tree’s trunk
depends on the diameter (caliper) of the plant’s trunk. The
size of a B&B plant is determined by measuring the trunk of
determines the size of the B&B. Once the plant
the tree using a tree caliper.
is dug, a laborer immediately places burlap
around the root mass, which is still covered
Did You Know?
in soil, Figure 21-14. Often, a wire cage is then placed around the burlap to
Although less labor is
promote easier transport and durability. The wire cage and burlap are tied
generally required for
and secured. The ideal time from harvest to transplanting should not be more
field-grown production,
than two weeks. If transplanting must be delayed, then careful attention
there are still many
must be paid to watering and temperatures (ensuring that the roots do not
tasks that must be
desiccate or freeze).
accomplished by

Pot-in-Pot (PNP) Production
Pot-in-pot (PNP) nursery production involves planting material in
containers (production pots) and then placing those pots into socket pots
(permanent containers placed in the ground). This method of nursery
production is used for shade trees, ornamental trees, and large shrubs. This
system crosses container production with field-grown production to give
benefits of both techniques.

Copyright Goodheart-Willcox Co., Inc.

workers. These tasks
include planting, pruning,
pest control, fertilizer
application, irrigation,
harvesting, and packing
for shipment. One worker
needs to be employed
for every seven to eight
acres of field-grown
nursery production.
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PNP production provides a number
of advantages to nursery growers,
Figure 21-15. Container-grown plants can
be harvested and shipped at any time of the
year with little advance notice. Field-grown
plants require digging and shipment of very
heavy material. Unlike a container system,
PNP allows plants to be secured in ground
so that they do not tip over or suffer from
extreme cold.

Site Selection
For a PNP site, soil drainage is the
number one issue. The socket pots can
easily
fill with water. If the surrounding soil
Panther Creek Nursery
does not permit drainage, then the socket
Figure 21-15. PNP nurseries must use fabric and irrigation,
pot becomes a bucket filled with water.
usually drip, for successful growth.
When soil is not permeable, the water fills
all the spaces in the growing medium and
the plant cannot respire. This situation leads to
poor growth or death for the plant. A drainage
system can be constructed around and beneath
the pots, however, to ensure that the water can
drain from the socket pot, Figure 21-16.
Quality water and utilities must be readily
accessible to the PNP nursery. A retaining pond or
a site to reclaim water runoff will help to improve
the environmental impacts while reducing costs
associated with water.
Unlike other nursery systems, the slope or
grade of the nursery should be minimal. Only a
1%– 2% grade is desired for PNP operations. As
Panther Creek Nursery
for other nursery operations, extreme low areas
can be pockets for frost, and sites with hills would
Figure 21-16. A socket pot is the pot that the production
container is placed into and stabilized.
not be suitable for PNP operations.

Installation

Corner Question
How much does the
average PNP operation
cost to establish?

Planning and preparation contribute to the successful installation of
socket pots. One of the most important decisions for a PNP nursery is the
socket pots used. The socket pot decides the size of the production pot and
the size of the marketable plant material the nursery offers.
The drainage of the existing soil will determine how the socket pot is
installed. Soils with good drainage can use an auger to dig holes for each
socket pot. Soils with poor drainage can use excavation equipment to dig
trenches for placement of a drainage tile, followed by the socket pot.
Once the socket pot is placed, the soil is then backfilled around the
pot. The rim or lip of the lid extends just above the existing soil surface.
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A weed barrier fabric or geotextile can
then be laid over the area and cuts
made over the socket pot’s opening,
Figure 21-17.

Crop Selection
PNP nursery growers select valuable
trees and shrubs for their production.
Since PNP operations require high capital
investments and have high labor costs,
they must select crops that will yield
high profits. The selected species should
be suited for the site’s climatic growing
conditions.

Planting and Maintenance

Panther Creek Nursery

Figure 21-17. Nurserymen work to lay a geotextile over the socket
The planting of the production pots
pot holes. Slices in the fabric are then made and the socket pots
is similar to planting for container-grown
are put into place.
production. Growers select media to meet
the needs of the plants being produced.
This often starts with a pine bark mix with various amendments. The
production pots receive the same treatments as container production, including
irrigation, fertilizer application, pruning, staking, and pest control.

STEM Connection
Aboveground System for PNP
An aboveground system (AGS) for PNP provides versatility
for gro
owers. Nursery managers can easily move the socket pot
from
m one area to another. The idea is just like a PNP system
with
h a fe
ew differences that can make AGS an easier alternative
to PNP. Unlike PNP (where socket pots are embedded in the
ground)), AGS have socket pots fixed to the pavement or concrete
with
h scrrews or nails. The screws or nails secure the socket pots
in
n placce and prevent the AGS from tipping over and allows for
more se
ecurity than a traditional container system in a nursery.
The
e re
eal difference between a traditional PNP and an AGS is that
this
s syystem can be installed anywhere, regardless of soil type or
draina
age. The AGS can be situated on top of a parking lot, gravel,
or anyy other flat surface. This is the perfect choice for an area of
a nu
urssery that may not have permanence. An AGS still provides
some in
nsulation (provided by the additional pot) and many of the
othe
er be
enefits associated with traditional PNP systems.
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Did You Know?
Labor required for PNP
is somewhere between
container production and
field-grown production.
The average PNP tree
requires 10 minutes for
planting, 30 minutes
for pruning, 30 minutes
for maintenance, and
5 minutes for harvest.
That is 1 hour and 15
minutes of labor required
per plant.

Since the plants’ containers are not exposed to the elements, there is very
little need to winterize the PNP system. Careful attention must be paid to
ensure that there is a tight seal between the two pots and between the socket
pot and the ground. Growers reap the benefits of PNP production during
the colder months of winter when less work has to be completed than for
container-grown plants.
Plant material moves through the PNP system usually through a threeyear rotation. Plants are not potted into their final container. They usually
rotate through three varying sizes. Plants begin in one size of pot, and then
are usually transplanted twice. Each new production pot has a corresponding
home with a socket pot. The plant is allowed to grow and is maintained until
its final or marketable size.

Harvest

Plants will grow to maturity and be ready for harvest at varying times
based on the size of the production container, the type of plant grown, and
the cultivation practices. Once the plant is mature by market standards, it
can easily be harvested. Production pots are simply lifted from socket pots.
Unlike field-grown plant material, PNP
plants can be harvested year round and
with very little lead time needed from
customers. Unlike field-grown plants,
weather does not impact the harvest—
saturated or frozen soil is not a factor.
However, the location of plant roots can
present a problem in harvesting.
Plant roots can creep out of production
pots and into socket pots. If a plant’s roots
do escape into a socket pot, the harvest
(removal from the socket pot) can damage
the plant roots. To prevent this from
occurring, growers can use pots lined with
copper. They also monitor the plant’s root
growth and transplant the plant to a larger
pot when needed. They can use squares
Panther Creek Nursery
of fabric (made with copper or a product
Figure 21-18. Alan Erwin from Panther Creek Nursery shows
that prevents root growth woven into the
a root shield product that is made of a geotextile. The fabric
includes copper and helps to ensure that the roots of the plants
fabric) to line the bottom of the socket pot,
will not pass through the socket pot and into the native soil.
Figure 21-18.

Production Method Advantages and Disadvantages
As stated earlier, a nursery operator must decide which production
method to use. There are many factors to take into account, including
resources, environment, and customer needs. There are also different
advantages and disadvantages of each production method. These factors
include amount of land, amount of labor need, and harvesting requirements,
Figure 21-19.
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Container-Grown Production
•
•
•
•
•

Advantages

Disadvantages

Requires less land
Easier to transport
Easier to harvest, done year round
More customers want containerized plants
Return on an investment is realized in one-half to
one-third the time of a field nursery

• Container areas require more money to construct
and maintain
• At least one employee needed per acre of
production
• A lot of gravel needed for drainage
• Needs winter protection
• Higher degree of management
• Plants will blow over during every storm and wind
• Requires specialized equipment for mixing media
• More transportation required
• 27,000–40,000 gallons are required per acre
(for 200 irrigations a year)
• Intensity of management is greater
• Plants are more susceptible to physiological stresses
(heat, cold)

Field-Grown Production
Advantages

Disadvantages

•
•
•
•
•
•

Less labor per acre needed
Larger plants can be more easily produced
Less irrigation is required
Lower start-up costs
Requires less year-round attention
Soil provides insulation or buffer to heat and cold
stress
• Some plants can be produced more economically in
the field than in containers

•
•
•
•
•
•

More land required
Good soils needed
Harvesting equipment needed
Must have a hard-working labor pool
Greater shock to plant during transplant
Harvesting usually only takes place when plants are
dormant
• May have to harvest regardless of need, “sacrifice”
plants to shift or make space for growing trees
• Rootballs from B&B are very heavy and costly to
ship, requires mechanical loaders for transport

Pot-N-Pot (PNP) Production
Advantages
•
•
•
•
•
•
•

Less water
No winter protection needed
Can harvest year round
No blown over containers
Greater root growth than container-grown plants
Cooler root system
Healthier rootball than traditional container plants

Disadvantages
•
•
•
•

Very well drained soil
Time to check irrigation
High start-up costs
Two containers must be purchased in the beginning
for each plant
• Susceptible to lethal high temperature damage
during post-production
Goodheart-Willcox Publisher

Figure 21-19. This table shows the advantages and disadvantages for different types of nursery production methods.
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Sustainable Nursery Production
It seems unimaginable that any nursery would choose to grow plants
using only conventional growing techniques, but many nurseries do so.
Conventional nursery production depends on using plastic containers,
chemical pesticides, synthetic fertilizers, and imported growing substrate
components. Some growers hesitate to add sustainable practices in their
nurseries for a number of reasons, which may include lack of training,
resistance to newer techniques, and higher costs. Today, many nurseries are
transitioning to sustainable growing methods because of the economic and
environmental benefits that result from these growing practices.

FFA Connection

Nursery/Landscape CDE Equipment
and Supplies Identification

The following materials and equipment are included in the identification portion of the National FFA
A
Nurrsery//Landscape CDE.
anvvil-and
d-blade pruner
archiitect‘s scale
ball cart (B&B truck)
barrk mullch
barrk med
dium
bow
w saw
w
bric
ck pavver
bro
oad
dcas
st (cyclone)
spread
der
bub
bbler head, irrigation
bulb
b plan
nter
burrla
ap
cha
aps
compresssed air sprayer
core aeriifier
cha
ain
n saw
w
cut--off machine
drip
p emittter, irrigation
dryy-lo
ock wall block
dusste
er
dusst massk
edg
ger (po
ower or hand)
edg
gin
ng
eng
gin
neerr‘s scale
ero
osiion netting
ferttiliizer tablet
galv
vanize
ed pipe

garden (spading) fork
garden (bow) rake
gas mask
grafting band
grafting tool
granular fertilizer
gravity (drop) spreader
grass shears
ground/pelleted
limestone
hearing protection
hedge shears
hoe
hook-and-blade
pruners
hose-end repair fitting
hose-end sprayer
hose-end washer
hose repair coupling
impulse sprinkler
landscape fabric
leaf rake
loppers
mattock
measuring wheel
mist nozzle (mist bed)
mower blade balancer

nursery container
oscillating sprinkler
peat moss
pick axe
planting/earth/soil
auger
planting bar
pole pruner
polyethylene film
polyethylene pipe
pop-up irrigation head
post-hole digger
power blower
power hedge trimmer
pot-in-pot units
propagation mat
pruning saw
PVC (polyvinylchloride)
pipe
reel mower
resin-coated fertilizer
respirator
rotary mower
rototiller
round point shovel
safety goggles
sand

scoop shovel
shade fabric
sharpening stone
siphon proportione
er
soaker hose
soil sampling tube
e
solenoid valve
spade
spark plug gap
gauge
sphagnum moss
spray suit
square point (flat)
shovel
string trimmer
tape measure
time clock
topsoil
tree caliper
tree wrap
trowel
T-square
vermiculite
vertical mower
water breaker
wire tree basket
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A sustainable nursery is one that incorporates growing practices that will
maintain or better the environment for today and the future. Many growers
attempt to produce plants with as little negative impact on the environment
as possible. Sustainable production should include actions, products, and
services that satisfy the needs of customers and help protect the environment.
Sustainable nursery production will reduce the waste of natural resources,
raw materials, and energy by increasing efficiency and improving the
quality of its operations. A sustainable nursery manages irrigation, nutrients,
substrate, and the growing environment to reduce its impact on the Earth
while producing quality plants for its customers.

“Always do your

best. What you
plant now you will
harvest later.”
—Og Mandino

Water Management
Water is a critical factor in plant growth. The
amount of water, the quality of water, and the
timing of irrigation contribute to crop quality.
Additionally, poor water management and
application contributes to pest problems and
pollution of surrounding water for other uses,
such as drinking, Figure 21-20.
Proper water management delivers several
benefits to growers including:
• Quality plant growth.
• Reduced nutrient loss.
Rigucci/Shutterstock.com
• Reduced rate of disease.
Figure 21-20. A retention pond can collect excess water
• Reduced frequency of insect pests.
and provide an irrigation source for the nursery operation.
• Reduced fertilizer and pesticide applications.
• Reduced levels of runoff from agricultural chemicals.
All these benefits combine to save growers money by reducing
production costs.
Irrigation (also known as watering) is a critical factor
in most nursery operations, especially those that produce
container-grown plants. A plant requires water only once
the growing medium is dry. Overwatering can be more
detrimental to plant health than underwatering in many
situations. Plants require irrigation when the medium feels
dry to the touch or when the plant first begins to show signs of
water stress (referred to as flagging). Nursery workers need to
monitor plants, or irrigation sensing equipment must be used.
Plants cannot be watered on a schedule without
considering several factors that contribute to a plant’s water
use. These factors include:
• Weather—rain, humidity, wind, and temperature all
impact water consumption.
Zvonimir Atletic/Shutterstock.com
• Type of plant—whether or not the plant is drought
Figure 21-21. Succulents are excellent plants
tolerant can play a major role in how often watering
to cultivate in sustainable nursery production.
These plants require very little water.
is required, Figure 21-21.

Copyright Goodheart-Willcox Co., Inc.

554 Horticulture Today

Corner Question
How many gallons does
the state of Georgia
estimate that nurseries
use every day and
every year?

• Type and size of container—the larger the container the more water it
holds. Certain containers allow more water to evaporate than others.
Fiber containers hold less moisture that some other types of containers.
• Planting substrate—growing media with more sand or bark dry more
quickly than those with peat moss.
• Surface mulch—placing a mulching material on top of the substrate
can help to reduce watering intervals.
• Location—plants in shade will use less water than those in sun.
• Plant growth—plants that are dormant or growing very little will
require less water than those plants that are actively growing.
A nursery grower must determine the most appropriate method of irrigation
to satisfy the needs of the plants. Nursery workers apply irrigation through hand
watering, overhead sprinklers, drip irrigation, and capillary mats.

Hand Watering

“If there is magic
on the planet, it
is contained in
water.”
—Loren Eisely

Hand watering requires an incredible amount of labor. A person who
waters by hand must recognize which plants need watering. This takes
training and attention to detail. Workers need to pay attention to plant signals
and the way that the substrate looks. They must also water a plant until the
container is completely saturated.
Paying people to water plants is not an expense that most nurseries care
to have. Hand watering takes place upon initial planting or to water in places
that were missed by automated irrigation systems.

Overhead Irrigation
Overhead irrigation is an uneven method of watering plants that uses
a great deal of water. Overhead sprinklers apply water above the plants
in a circular pattern while oscillating sprinklerr heads apply water in a
rectangular pattern. A container nursery using overhead irrigation can use
between 15,000 and 45,000 gallons of water
per acre per day in the summer. An overhead
irrigation system is the least expensive
to install, but it has some disadvantages.
Determining irrigation times for overhead
systems is the same as for any irrigation
system. Figure 21-22. Containers must be
monitored to determine how much time
passes before they are thoroughly saturated.
Water is also applied to areas where there
may not be plants present. To prevent this,
water valves can be used to turn on and off
parts of the water system.
sakhorn/Shutterstock.com

Figure 21-22. Overhead irrigation is commonly used
in nursery production. This method can waste water or
overwater in places where there is overlap of sprinkler heads.

Drip Irrigation
Drip irrigation (also known as trickle feed)
delivers water to plants using small tubes that
slowly release water directly to the plant’s roots.
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Each container or plant has a trickle tube that can supply
water or a water and fertilizer solution. Weighted drip
tubes are placed in the substrate of containers. Water should
remain on until water comes out of the bottom of the pot’s
drain holes. This method of irrigation uses 60%–70% less
water than an overhead irrigation system.
Drip irrigation systems have an initial high cost, but
they have excellent precision when delivering water,
Figure 21-23. These systems also allow workers to continue
working while irrigation is running. Using drip irrigation
produces less runoff than other methods. This system is
less impacted by wind or foliage cover as well. Aside from
the initial cost of the system, there is little maintenance.
The drip tubes can get clogged and will need some upkeep.

Capillary Mats

vallefrias/Shutterstock.com

Figure 21-23. Drip irrigation has many forms.
Tubes with premade holes or emitters can be
placed into tubing. Drip irrigation saves on water
consumption and can improve plant growth.

Some nurseries manage capillary mats as part of their irrigation system.
A capillary matt is a material that is covered with a coating and that absorbs
and releases water to plants that rest on it. These mats are constructed with
absorbent fabric. The bottom is lined with an impermeable plastic layer and
then covered on top with a perforated plastic (or similar) material to minimize
evaporation and water loss. A pot that has holes in the bottom sits on top of the
mat, and the substrate pulls up the water through capillary action. Capillary
mats can work well with plants of various sizes and are especially well suited
for retail nurseries. This process will not over- or under water plant material.
Runoff is not an issue with this method. However, the initial cost is much more
costly than overhead or drip irrigation systems. Capillary mats must also have
a level surface to work and require regular cleaning and maintenance.

Runoff Management
The essential resource for nursery production is water. All water that
does not go into the pot, is not used by the plants, or leaches through the pot
must be caught and contained by a runoff system created at the nursery. The
design of the nursery should include a water catchment system.
The nursery beds can be graded so that runoff water is directed to strategically
placed ditches, canals, and retention ponds. The collected water can be remediated
(treated and cleaned) by plant material. Plant roots absorb the water that has
pesticides and fertilizers and actually anchors many of the chemicals within the
roots. The plant roots harbor many of the chemicals that would otherwise linger in
the irrigation water. Any additional pesticides and pathogens can be treated before
water is used again. This water reuse can save nurseries significant costs.

“When the well’s

dry, we know the
worth of water.”
—Benjamin Franklin

Did You Know?
Small lab and field
systems have been
capable of 90% nitrate
removal from water in
only 30 minutes with a
flow rate of 2.5 gallons
per minute. These
systems have unlimited
abilities to help small
nurseries remove
nitrogen from runoff
waters.

Water Treatment

Corner Question

Population growth and increased demands for agricultural irrigation
has resulted in changes to aquifers and the chemistry of some water. Water
conservation and sustainable management of water resources are needed
to protect this natural resource. Nurseries must implement sustainable
irrigation practices that use conservation and recycling of water.

How much less water do
capillary mats use than
overhead sprinklers?
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Corner Question

Surface water and groundwater quality are impacted by nursery
irrigation practices. The runoff that is created by irrigation should be
considered a vital resource that cannot be wasted. A water and nutrient
How many acres of
management plan changes runoff into a valuable resource that is reapplied
wetland are in the
to crops. The water must be treated to ensure its safety before being reused.
United States?
These treatment plans can include chemical, thermal, or radiation treatments
to remove contaminants and pathogens. Runoff contaminants of concern
include nutrients, pathogens, and pesticides.
Nurseries can include a number of
sustainable and non-chemical methods to treat
water. These methods can include:
• Constructed wetlands—mimic natural
wetlands. They contain vegetation,
soils, microbes, and other organisms
and can remove contaminants. They
are tailored to meet the needs of the
nursery and are low maintenance,
Figure 21-24.
• Floating wetlands—are used by
nurseries with existing irrigation,
retention ponds, or storm water pools
to clean contaminants. Plants create
FCG/Shutterstock.com
a column with roots that provide
Figure 21-24. A constructed wetland is an excellent way for
habitat for microorganisms, filtrate
nurseries to capture and clean water on site.
particulates, and uptake contaminants
in root matter.
• Bioreactors—use microorganisms to clean polluted
or contaminated waters. This is an excellent way
to remove fertilizers and other carbon-based
pesticides.
• Planted vegetation (buffer) strips—can also use
plants and other organisms to help clean the water.
Plants absorb the excess nutrients and contaminants,
slow moving water, trap particulate matter, and
reduce general contamination to other areas.
Unlike chemical means that may also require additional
energy sources, these methods of water treatment are cost
effective for producers.

Nutrient Management
Jodi Riedel/Goodheart-Willcox Publisher

Figure 21-25. Fertilizer can be applied before
or after planting. Fertilizer injectors may be
computer controlled and designed to monitor
application amount and timing.

Fertilizer application varies based on the way
that plants are cultivated, whether in the ground or in
containers. The applications of fertilizer can take place
before planting or after planting, Figure 21-25. A grower can
use soluble, slow-release, organic, or synthetic fertilizers to
supply nutrients plants need.
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Fertilizer Pre-Plant Application
A grower can apply fertilizers before planting to meet a number of
objectives. Fertilizers can help to adjust the pH of the growing media, supply
macronutrients, and supply micronutrients. Dolomitic limestone can help
to increase the pH while iron sulfate can reduce the pH. When fertilizer
nutrients are added, they can change the pH of the substrate. Careful
monitoring must take place, and changes to create the proper pH will need to
be made.

“Fertilizer does no

good in a heap,
but a little spread
around works
miracles all over.”
—Richard Brinsley
Sheridan

Fertilizer Post-Plant Application
Applications of fertilizer after planting are done using controlled-release
fertilizer and/or fertigation. In the first method, nutrients are delivered to
plants slowly over a period of time. Release rates depend on the formulation
of fertilizer, temperature, irrigation rates, and other environmental factors.
Growers have access to many formulations for specific plant needs.
Fertigation uses water-soluble fertilizers to deliver nutrients to plants.
You may be familiar with these fertilizers as the “blue stuff.” These fertilizers
mix readily a water solution. They deliver readily usable nutrients to
the plants. The nutrient-rich runoff water must be collected and treated
accordingly.

Nutrient Monitoring
As with any integrated approach to management, a sustainable system
requires continual monitoring of all components, especially nutrients. Having
too few nutrients leads to poor plant health, as does overapplication of fertilizer.
Overapplication, however, has an additional negative impact on the environment.

STEM Connection
Nutrient Analysis
The results of water and substrate tests are essential in
mana
aging any nursery facility. Using an EC/pH meter, collect
a sa
ample of irrigation water. Select plants from each type of
crop
p forr analysis. Collect samples from three or four pots in a
secctio
on of the same production area. Solution for testing can
be lea
achate (water that is collected after it has percolated
thro
oug
gh a soil). Using the pour-through method, pots are
irrrig
gatted
d and water that flows through the bottom is collected.
Ano
oth
her method uses a suction lysometerr (a device used
to pull a solution out of a given material). These cylindrical
probe
es are imbedded in the substrate. A vacuum action draws
up the
e solution. EC tests are conducted on samples collected.
Ana
alyysis for nitrogen, phosphorous, potassium, calcium,
mag
gnes
sium, and other nutrients can be performed by soil
scie
enttis
sts, agronomists, and plant pathologists.
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Electrical conductivity (EC) is a measure of the amount of electrical current
a material can carry. EC can be used to indicate the nutrient status of a
substrate. High EC levels mean that there are dangerous levels of salts
in the substrate, which may be a result of overfertilization. Monthly or
biweekly monitoring of EC and pH levels should be recorded and action
should be taken. Adjustments to fertilizer applications should be made as
needed.

Substrate Management
Did You Know?
It can take from five
to nine years before a
nursery operation is
profitable.

A key component of sustainable nursery operation rests in the type
of substrate that growers use. Several ingredients make up formulations
of media used in the nursery industry. The responsibility of choosing the
appropriate substrate rests on the lead grower at the nursery and the decision
for which formula to choose depends on several factors.
The traits of the substrate used affect other parts of the sustainable
nursery system. Substrate must hold water, but it should also allow air
movement in the pores near the root zone. Oxygen in the root zone is
required for many plant processes, Figure 21-26. Substrates that do not
hold much water will also have difficulty retaining nutrients. This can
lead to excessive fertilizer and irrigation applications, which are not part
of sustainable production methods.
Most medias used by nursery growers include a combination of the
following ingredients:
• Sand.
• Vermiculite.
• Pine bark.
• Perlite.
• Peat moss.
• Controlled-release fertilizer.

Jodi Riedel/Goodheart-Willcox Publisher

Figure 21-26. This student is checking the plant’s root zone. Healthy white, fuzzy roots
illustrate root vigor.
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Some of these ingredients, such as peat moss, are not
considered sustainable resources. Peat moss is harvested from
bogs that can take hundreds to thousands of years to replace.
Several ingredients that are considered more sustainable have
been recently investigated and analyzed by many land grant
universities and businesses. These renewable and sustainable
substrate ingredients include:
• Coconut coir.
• Calcined clay (similar to that found in cat litter).
• Peanut hulls, Figure 21-27.
• Pecan shells.
• Cotton gin waste.
• Sawdust.
• Manure.
• Compost mix.

Vladimir Shulenin/Shutterstock.com

Figure 21-27. Nurseries may use potting
soils that include sustainable and organic
ingredients such as peanut shells.

The idea of incorporating these ingredients into soilless mixes is not
new. The incorporation of these blends into everyday nursery production is
becoming less novel and more the norm. Several issues impact the use of these
sustainable ingredients. Costs for the material, transport costs, uniformity of
product, and consistent availability of the product are some of these issues.

Environmental Management
The environment that surrounds a plant can be manipulated to some
extent to benefit the health and growth of a plant. Careful attention must be
paid to identify unwanted organisms in the environment, such as pathogens,
insects, and weeds.

Growing Structures
Various growing structures can be found
at different nurseries around the country.
Common examples of these structures that
are to help control the growing environment
include:
• Greenhouse—temperature, ventilation,
and light are controlled.
• High tunnel—high framed walls
covered in a plastic material to protect
plants from extreme cold. Irrigation and
ventilation are provided.
• Low tunnel—usually no taller than 6′
high, are used to protect plants from cold
by simply covering the plants during
cold temperatures.
• Shade house—provides protection from
sun for shade-loving plants, Figure 21-28.
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“The ultimate

test of man’s
conscience may
be his willingness
to sacrifice
something
today for future
generations whose
words of thanks
will not be heard.”
—Gaylord Nelson

absolut/Shutterstock.com

Figure 21-28. A lath or shade house provides filtered light
for plants requiring fewer foot candles of light for proper
growth.
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Plant Spacing
Whether plants are planted in the ground or
in containers, there must be appropriate space
provided for the plants to ensure optimum
growing conditions. Plants cultivated in containers
should be spaced so that the edges of the plants
barely touch one another, resulting in compact
growth and higher yields, Figure 21-29. As plants
increase in size, they should be spaced out, or
some containers should be removed and placed
elsewhere to ensure adequate room for growth.
Praisaeng/Shutterstock.com
Plants grown in the ground must be spaced
Figure 21-29. At their current stage, these orchid liners
according to their final size at the time of transplant
are small and appropriately spaced for optimum growth.
or
sale.
As they mature, they will each require more space to
Plants spaced unsuitably can have poor
reach maturity and blossom.
growth. Spacing that is too tight results in plants
Let us love winter shading one another. This practice can cause leaf and branch death due
to the lack of photosynthesis. Spacing that is too wide wastes irrigation
for it is the spring water and valuable space that could be used to produce a saleable plant.

“

of genius.”
—Pietro Aretino

Winterization

pan demin/Shutterstock.com

Figure 21-30. Providing winter protection in nurseries
is crucial in cold climates.

Plants grown in containers need winterization
or protection from extreme cold. The roots of many
plants suffer from root injury when temperatures
drop below 20°F (–6°C). To ensure that plants
survive in these temperatures, growers must
change the surrounding environment. Using
greenhouses and both high and low tunnels are a
great way to protect plants. If these structures are
unavailable, growers can use a frost fabric, also
known as a floating row cover. This material is
draped over the plants and secured to the ground.
Other insulation materials can be used, such as
straw, burlap, or plastic, to protect plants. If nothing
else can be done, growers can pack plants tightly
and ensure that they are protected from severe
winds, Figure 21-30.

Pruning

Corner Question
What can be done to
a plant if it begins to
outgrow the container?

Growers prune plant material to achieve several objectives.
Container-grown plants are usually pruned to achieve a certain shape
or to create a more compact plant. Pruning is also used to remove dead,
diseased, or damaged branches in the field. Stems may be removed to
ensure the safety of workers where low-lying branches that could be
hazardous. Field-grown plants must also be pruned to create aesthetically
pleasing shapes.
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Creative pruning involves both art and science. Horticulturists must know
the plant material and realize how their pruning techniques will impact plant
growth. The pruner must be able to identify key parts of plant material, such
as the central leader, lateral buds, and flower buds. Additionally, the pruner
must know whether the plant is a multi-stemmed or single-stemmed plant. The
pruner must then make precise cuts to achieve the expected results.
Pruning can take place at various times of the year. Dormant pruning can
take place during slow work times for employees, and this is the time when most
nursery pruning takes place. Many nurseries prune immediately after planting
or during the growing season so that the horticulturist can better envision how
the cuts will impact growth. Summer pruning involves removal of water sprouts
and suckers, maintenance of a central leader, and corrective shaping. Winter
pruning involves removal of no more than one-third of the plant material. Extralong branches at the bases should be pruned to one-half of their length. Pruning
should be done to remove crossing, rubbing, parallel, or competing branches.

Integrated Pest Management
Integrated pest management (IPM) is an approach to managing pests that
uses commonsense, economical practices and results in the least possible hazard
to people, property, and the environment. Any sustainable nursery operation
includes IPM as part of its system. IPM incorporates various monitoring,
prevention, and control methods to combat pests. Multiple strategies are
combined to optimize pest control, including:
• Determining thresholds for pests
(population levels).
• Monitoring, scouting, and correctly
identifying pests, Figure 21-31.
• Recording data.
• Using cultural controls such as
resistant cultivars, cleaning facilities,
removing breeding grounds, planting at
appropriate times, and correct irrigation.
• Employing biological controls such as cats
to hunt rodents or beneficial insects such
as ladybugs to control harmful pests.
Decha Thapanya/Shutterstock.com
• Quarantining plants that are infected or
Figure 21-31. Many insects impact the growth of nurseries,
infested from healthy plants.
like these scale insects. This type of insect has a piercing
• Controlling pests with pesticides.
and sucking mouthpart that can also spread disease.

Careers in Nursery Production
Nursery operations include careers for people with many interests.
Finance, management, business, horticulture, engineering, public relations,
advertising, and customer service are some examples. Rewarding job
positions include equipment salesperson, and plant buyer.
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“Nature provides

exceptions to
every rule.”
—Margaret Fuller
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Thinking Green
A Ring of Fire to Control Weeds
Fire can kill anything, especially weeds.
Flame weeding is a sustainable way to
control weed growth. Flaming does not
actually burn the plant cells, but it sears
them with the heat. This is an effective
control against broadleaf weeds. However,
stubborn grassy weeds may require
additional applications. Weeds can re-sprout,
and additional applications need to be made
about two to three weeks after the first
application.

Irina Fischer/Shutterstock.com

Equipment Salesperson
Nursery operations use many types of equipment. Tractors, attachments,
augers, and tree spades are just a few of the items that nursery managers
need to make their operations efficient. Many of the machines that wholesale
nursery workers operate may be custom designed and manufactured to meet
their specific needs.
People interested in equipment sales should have familiarity with how
machinery works. Additionally, individuals dealing with equipment sales
should be personable and knowledgeable about business relations. These
employees should have some education in an agriculturally related field.

Plant Buyer

Dustin Hardin/Shutterstock.com

Figure 21-32. A buyer at a nursery purchases plant material and
pays close attention to the market.

Can you imagine buying plants but
never having to pay for them? Plant
buyers experience this luxury every
day. Landscaping, re-wholesaling, and
retail nurseries usually employ a plant
buyer. This person purchases the plant
materials needed by the business.
Plant buyers should be
horticultural enthusiasts. This
person should have a wealth of plant
knowledge and be aware of unique
plant materials and their specific
characteristics. Knowing about current
and future trends in horticulture
guides buyers in their plant purchases.
Experience in working with unique
plant material or a nursery operation
can be valuable for a plant buyer,
Figure 21-32.
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Career Connection

Alan Erwin

Panther Creek Nursery
Alan Erwin leads a team of 21 nursery
emplo
oyees at a premiere PNP operation in Willow
Springs, North Carolina. A member of the FFA
and a graduate of North Carolina State University,
Alan has worked in horticulture his entire life. For
the la
ast 15 years, Alan has managed Panther
Creekk Nursery. The 58-acre nursery prides itself
on itss sustainable practices, which include a runoff
progra
am where all water is recaptured, water
recycling, nutrient monitoring, and soil conservation.
When
n clients walk through the nursery, they see
pristin
ne plant material with very few weeds. Alan
ensurres that his nursery is extremely clean and
weed free (which also helps to reduce insects
and disease). Alan says there is “never a second
chancce for a first impression.”
Panther Creek provides top-quality crops, in
part due to the PNP system. Although the system is
expen
nsive to install, the plant material has superior
rootin
ng compared to plants in traditional container
systems. A drip irrigation system that is closely
monittored and a specialized controlled-release
fe
ertiliz
zer contribute to superior plants. The plants
are ha
arvested year round and are available for
custo
omer pickup or delivery within two hours after
the sa
ale. Alan monitors every facet of production.
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Panther Creek Nurssery

From monitoring plant material to pulling orders
and loading trucks, he ensures that Panther Creek
offers excellent nursery products.

CHAPTER

21

Review and Assessment

Chapter Summary
•

•

•

•

•
•

•
•

•

•

•

A plant nursery facilitates growth of plant material under a number of
different environmental conditions. Nurseries grow seedlings, transplants,
stock plants for propagation, container-grown plants, and field- grown
plants.
A nursery tries to identify specific areas of a broad market for which it
will produce products. Nurseries find their market niche based upon the
nursery site location, types of plants that are cultivated, and production
methods.
Nursery crops are marketed via several avenues, which include
wholesalers, re-wholesalers, mail-order companies, retailers, and
landscapers.
Government agencies regulate nursery operations. Nurseries
u se es must obtain
permits or licenses to grow plants and must have a dealer license to sell
plants.
Nursery operations employ one of three production
duction methods: the co
du
containergrown method, the field-grown method, or the pot
pot-in-pot
ot-i
-in t (PNP) me
method.
Container-grown plants are cultivated with
h soilless me
media in a varie
variety of
container types. The plants are then grown
n in greenhouses, tunne
tunnels, or on
the ground.
The site’s soil is of the utmost importance to
o a field-grown
eldnursery grower.
The soil must be fertile, well drained, and free of sig
significant pests.
Pot-in-pot (PNP) production involves planting
ting
g ma
m
material
te
in containers and
then placing those pots into socket pots placed
aced in the
h ground. This method
is used for shade
de trees, ornamental trees, and large sh
shrubs.
Many nurseries
ries are transitioning to sustainable growi
growing methods because
of the economic
om and
d environmental benefits. Sustaina
Sustainable practices include
management of water, n
nutrients,
u rients, substrate, and the growi
growing environment.
The plant material that
hat nu
nurserymen
en cultivate in nurseries is nearly limitle
limitless
and includes trees, shrubs,
hrubs, vi
vines, groundcovers,
overs, fruit, and herbaceous
perennials.
Nursery operations offer
ffer man
many career opportu
opportunities,
tuni
niti
tiee including
cluding equipment
ui ent
sales and plant buying.
g.
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Words to Know
Match the key terms from the chapter to the correct definition.
A.
B.
C.
D.
E.

capillary mat
circling
crown
drip irrigation
electrical conductivity
(EC)

F.
G.
H.
I.
J.
K.

leachate
mechanical transplanter
oscillating sprinkler
phytosanitary certificate
pot bound
root pruning

L.
M.
N.
O.
P.
Q.

socket pot
substrate
suction lysometer
sustainable nursery
water sprout
winterization

1. A material that is covered with a coating and that absorbs and releases water to plants
that rest on it.
2. Protecting plants from cold and harsh winter conditions by covering with material,
packing tightly, or placing in a sheltered place.
3. Severing the roots of a plant to promote growth of some kind, such as flowering or
fruiting.
4. A condition in which the roots of a plant are tangled and wrap around the interior of the
pot.
5. A machine that moves plants from one place to another.
6. A growing medium or the material in which a plant’s roots grow.
7. A nursery that incorporates growing practices that will maintain or better the
environment for today and the future.
8. A method of watering plants that uses small tubes that slowly release water directly to
the plant’s roots.
9. An official document that shows a plant has been inspected and appears to be free of
pathogens, insects, and weeds.
10. The area on a plant where the roots meet the stem tissue.
11. A condition in which the roots of a plant fill the interior of the pot.
12. Plant stems that grow vertically from other stems or branches.
13. A container used in pot-n-pot production that holds another container with plant
material and is located in the ground.
14. A device used to pull a solution out of a given material.
15. A measure of the amount of electrical current a material can carry.
16. A device that delivers irrigation water in a rectangular pattern.
17. Water that is collected after it has percolated through a soil.
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Know and Understand
Answer the following questions using the information provided in this chapter.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21

The market niche for a nursery is based on what factors?
What factors should be considered when choosing a site for a nursery?
List the five types of nurseries described in this chapter.
What is the purpose of a phytosanitary certification for plants and when is one needed?
What are three types of production methods used by nurseries?
What are some factors that determine the type of container to use in a nursery?
What is the most commonly used growing medium in the nursery industry?
What are some activities involved in maintenance for contain-grown crops?
What are the soil characteristics of a site that is suited for a field-grown nursery?
When are field-grown plants usually harvested for B&B and what steps are involved?
Why is soil drainage important for PNP production and what can be done to ensure good
drainage?
In PNP production, what determines harvest time and how is harvesting done?
Why might some growers hesitate to add sustainable practices in their nurseries?
List 10 tools from the identification section of the FFA Nursery/Landscape CDE that are
used in nursery production.
What are four methods of irrigation a nursery can use?
How much water is saved using drip irrigation instead of overhead irrigation on a
typical nursery?
What are four methods used by sustainable nurseries to treat water?
When is fertilizer applied and what are some types of fertilizers growers can use to
supply nutrients plants need?
What are some sustainable or renewable ingredients used in nursery substrates?
What are some structures that are used to help control the growing environment for
plants?
What is integrated pest management (IPM) and what are some strategies used in IPM?

Thinking Critically
1. You have recently moved to Florida where your family has purchased some very flat
land with very sandy soils. Describe what you think would be the best nursery for this
site. Justify your decision.
2. You recently realized the financial opportunity to sell alpine plants. What do you think
would be the best way to market these plants? What alpine plants could be cultivated
in your region? How do you cultivate these plants (greenhouse, nursery, PNP)? Defend
your response.
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STEM and Academic Activities
1. Science. Design a rotation for a PNP system that would include a three-year rotation for
plants from one-gallon to three-gallon to five-gallon containers.
2. Math. A plant that is grown in a container may need to grow several years before it is
sold. Do the math: A plant is grown from seed and takes four weeks to germinate. The
plant then grows for four months and is transplanted to a small container. The plant
is now grown for one year in the container. It is then transplanted to its final container
where it will stay for 30 months until it is sold to a retail nursery. At the retail nursery, it
sits on a shelf for three weeks and then is sold. What is the age of the plant at sale?
3. Social Science. Contact a nursery in another city, state, region, or country. Ask five
specific questions about the nursery operation and report the answers to the class.
4. Language Arts. Choose a nursery plant that is available on the market today that is the result
of current breeding practices. Determine who the breeder was in this plant’s production.
Research how this plant was bred and determine its parents. What characteristics resulted
from the crosses that were made? How does this plant differ from the parent material? Write
a one-page summary about this plant, its history, and the breeder.

Communicating about Horticulture
1. Reading and Speaking. Create and present an informative, prepared speech for an
audience unaware of the nursery industry in your state. Take this time to educate them
about this vital industry and its numerous impacts.
2. Reading and Writing. Develop an infographic about the nursery industry. Post this
information in a space where people can see the information.

SAE Opportunities
1. Exploratory. Job shadow a nursery worker.
2. Experimental. Grow nursery plants in various
sustainable medias and examine their growth.
3. Exploratory. Create a marketing logo or campaign
for the nursery industry in the United States. Survey
consumers to determine their feelings about the logo
kurhan/Shutterstock.com
or advertising campaign created. Analyze your data.
4. Entrepreneurship. Develop a nursery business
selling plants of your choice with a nursery system of your choice.
5. Placement. Get a job working at a nursery (wholesale, retail, mail order, or other).
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