CHAPTER

23

Fruit and Nut
Production

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

List the reasons fruits and nuts are important for health.
Describe the market opportunities for fruit and nut production.
Discuss environmental requirements, production, and harvesting for small frruits.
Discuss environmental requirements, production, and harvesting for tree fruits
and nuts.
Discuss environmental requirements, production, and harvesting for vine fru
uits.
List careers related to the pomology industry.

Words to Know
bench cut
bine
central leader system
cone
cordon
cull
espalier

floricane-fruiting
heading cut
modified central leader
system
muck
nematode
open center system

primocane-fru
uiting
scaffold brancches
spur
tannin
thinning cut
whorl

Before You Read
Before you read the chapter, interview someone in horticulture or pomology. Ask
k the person
why it is important to know about the chapter topic and how this topic affects th
he workplace.
Take notes during the interview. As you read the chapter, highlight the items from
m your notes
that are discussed in the chapter.
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ummer-ripened, aromatic peaches; tart and tangy blueberries; and
crispy, crunchy apples—fruits are among the favorite foods of both kids and
adults. Fruits and nuts consist of a wide variety of plants. Examples include
small strawberry plants, various bushes, vines such as grape and kiwi,
peaches and apples that grow on small trees, and pecans that grow on very
large trees. Some fruit and nut trees have a relatively short life span of only a
few years. Others may survive and produce for more than a hundred years.
Determining what can be grown depends significantly on factors such as
climate, soils, and available water. Commercial growers must also consider
market opportunities when deciding what to grow.

Fruits for Health
Fruits are an important part of an overall healthy
diet. Consuming at least five servings of fruits and
vegetables a day, choosing whole grains, and eating
low-fat dairy foods and varied protein sources are a
recipe for a healthy lifestyle. Being physically active is
important as well.

Health Benefits
Research has shown that people who eat more
fruits and vegetables as part of a healthy diet may
Figure 23-1. Fruits are an important part of an
diminish their risk for some chronic diseases. Fruits
overall healthy diet for everyone.
provide minerals and nutrients important for the
proper functioning of your body, Figure 23-1.
• Eating fruits as part of a healthy diet may reduce risks for heart
disease (including heart attack and stroke), obesity, type 2 diabetes,
and certain types of cancers.
• Eating potassium-rich fruits as part of a healthy diet may lower blood
pressure. Eating fruits may also reduce the risk of developing kidney
stones and help to decrease bone loss.
• Eating fruits may be useful in lowering calorie intake.
S-F/Shutterstock.com

Nutrients
Fruits contain many nutrients that are needed for normal growth and
development. Eating fruits can also reduce the risk of diet-related diseases.
Fruits and nuts are for a key to good health for these reasons:
• Most fruits are naturally low in fat, sodium, and calories.
• Fruits are cholesterol free.
• Fruits contain many essential nutrients including potassium, dietary
fiber, vitamin C, and folate (folic acid).
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• Diets rich in potassium may help maintain healthy blood pressure.
Sources of potassium in fruit include dried apricots, cherries, and
kiwi.
• Whole or cut-up fruits contain dietary fiber that along with a healthy
diet may lower blood cholesterol levels and may lessen the risk
of heart disease. Fiber is important for proper bowel function and
provides a “full” feeling. Good sources of fiber include apples,
blackberries, pears, raspberries, bananas, blueberries, figs, dates,
guavas, kiwi, oranges, plums, and most nuts.
• Vitamin C is important for tissue growth and repair. It helps
heal cuts and wounds and keeps teeth and gums healthy. Fruits
that contain high levels vitamin C include apricots, blackberries,
gooseberries, grapefruit, guavas, kiwis,
lemons, limes, oranges, papayas,
pineapples, pummelos, raspberries,
strawberries, and tangerines.
• Folate (folic acid) helps the body form red
blood cells. Pregnant women often take folic
acid supplements to reduce the risk of birth
defects. A good fruit-based source of folate is
strawberries.
• Unsaturated fats are the “good” fats
found in nuts. Both monounsaturated
and polyunsaturated fats may lower bad
cholesterol levels.
• Omega-3 fatty acids are found in many nuts.
Omega-3 fatty acids are a healthy form of
Igor Palamarchuk/Shutterstock.com
fatty acids that may help prevent dangerous
heart rhythms that can lead to heart attacks,
Figure 23-2. English walnuts are a rich source of
omega-3 fatty acids, which are good for a heart health.
Figure 23-2.

Fruit Markets in the United States
According to the USDA Economic Research Service (ERS), the typical
American eats about 270 pounds of fruit and tree nuts each year. Comprised
of a wide variety of commodities, the US fruit and tree nuts industry is
an important part of the agriculture sector with an annual average of $18
billion in cash receipts. Production occurs on less than 2% of total harvested
cropland. Small family or individual farm operations continue to dominate
US fruit and tree nut production.
The largest fruit-producing states (excluding tree nuts) include California,
Florida, and Washington. California has about 50% of the harvested fruit
acreage. California’s climate is conducive to growing fruit crops. Fruits
produced in California include grapes, strawberries, peaches, nectarines,
and kiwifruits, as well as apples, pears, plums, and sweet cherries.
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Did You Know?
Luxury fruits bring in
thousands of dollars
in revenue in Japan.
One Japanese Yubari
cantaloupe sold at
auction for more than
$23,000.
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California is second in citrus production.
Florida grows nearly 25% of the harvested
fruit acreage with its primary acreage in citrus,
Figure 23-3. Washington State has 10% of the
nation’s fruit production and is the largest
apple producer. This state also grows grapes
and pears. Michigan, New York, Oregon,
Pennsylvania, and Texas are also important
fruit-producing states. Collectively, they have
more than 10% of all US fruit acreage.
Fruit crops are sold into both fresh food
and processed food markets. Fruits commonly
found
in fresh markets include avocados,
Kukuruxa/Shutterstock.com
bananas, nectarines, kiwifruits, strawberries,
Figure 23-3. Florida produces the most citrus in the United
tangerines, sweet cherries, apples, pears, and
States.
lemons. While still sold fresh, the following
fruits tend to be produced for the processed foods market: oranges,
grapefruits, grapes, apricots, figs, prunes, peaches, tart cherries, and most
berries (including blueberries and cranberries). Processed fruit products
include canned fruit, frozen fruit, fruit juice, dried fruit, and wine. In both
fresh and processed form, oranges, grapes, apples, bananas, and pineapples
are the top five fruits consumed in the United States.
Nut tree production in the United States has increased significantly over
the past 30 years, with annual production greater than two billion pounds. In
the United States, a person eats, on average, three pounds of shelled tree nuts
per year. Tree nut production in the United States generates nearly $4 billion
annually, with highest sales for almonds, walnuts, pistachios, and pecans.
California produces nearly 90% of all US tree nuts. Georgia, New Mexico, and
Texas produce nearly 75% of the US pecan crop. Oregon produces significant
numbers of hazelnuts, and macadamia nuts are grown in Hawaii. The top
three nuts consumed in the United States are almonds, walnuts, and pecans.

Small Fruits

Corner Question
How are oranges from
subtropical areas
treated so they’ll turn
orange?

Small fruits consist primarily of berries. Types of berries include blueberries,
strawberries, blackberries, raspberries, and cranberries. Currants, gooseberries,
and other small specialty crops, such as lingonberries and elderberries, are also
small fruits. Berry production can be profitable for commercial growers and very
rewarding for the home gardener. However, growing berries requires intense
management and a considerable investment of time and resources. Some small
fruit plantings, such as strawberries, produce fruit for as little as one or two
years, while crops such as blueberries produce fruit for as many as 40 or 50 years.

Site Selection
Pomology is the science of fruit production. Successfully growing small
fruits starts with finding the optimal location. Consider factors such as
temperature, soil, slope, and water availability when selecting a site.

Copyright Goodheart-Willcox Co., Inc.
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Temperature

Did You Know?

Berry crops can be sensitive to both high and low temperatures. Many
berries require a chilling period to break dormancy; requirements depend on the
species and cultivar. Some examples of general requirements for chilling include:
• Strawberries—200–300 hours.
• Blueberries—650–850 hours.
• Blackberries—700 hours.
• Raspberries—800–1700 hours.
• Currants and gooseberries—800–1500 hours.
• Cranberries—2000 hours.

Temperatures in
subtropical areas
are not cold enough
to break down the
chlorophyll in the skin
of citrus fruits. This
means oranges grown
n subtropical areas do
not turn orange, even
when ripe.

In northern climates, chilling requirements are easily met. In the southern
states, however, lack of chilling time may constrain production. Conversely, some
small fruits, such as blackberries, some types of blueberries, and fall raspberries,
may only grow well in slightly warmer winter temperatures. Temperatures
below –20°F (–29°C) will kill blueberry shoots and flower buds. Blackberries
cannot tolerate temperatures lower than –5°F (–20°C). Good air drainage is
necessary to avoid frost injuries in the spring, particularly strawberries.

Slope
Avoid sloping land with a grade greater than 5%, as there is a risk of erosion
and cultivation and irrigation are difficult. Moderate slopes (3%–5%) provide
good air drainage, lessening the risk of chilling or freezing injury. Southern
slopes can be problematic because earlier, warmer temperatures in the spring
may encourage earlier blooming that can be damaged by frost. Western slopes
often have winds that can desiccate small fruits. Windbreaks can diminish
damaging winds, but the site should still allow for good air circulation.

Soil
Most small fruits prefer well-drained soil. Avoid heavy, poorly drained soils
with high water tables. Subsoil drainage or raised beds may provide drainage
on wetter sites. Strawberries, raspberries, blackberries, gooseberries, currants,
and elderberries can tolerate a wide range of soil types if sufficient nutrients
are available or added. They prefer soils that are high
in organic matter (2%–4%) and have a pH of 6.0–6.8.
Sandy loam or loamy soils are optimal for small fruit
production. Blueberries are native to North America and
tend to like poor, acidic soils, Figure 23-4. Blueberries’
ideal pH is 4.2–4.8. Soils often require management
to lower the soil pH for good production. Blueberries
like loamy sand with high organic matter (greater than
4%) and can be grown in muck soils. Muck is a soil
composed primarily of decomposed organic matter.
Cranberries also prefer acidic soil with a pH between 4.0
and 5.5, and organic (muck) or sandy soil with a water
Maria Dryfhout/Shutterstock.com
table near the soil surface. Cranberry marshes may need
Figure 23-4. Blueberries are one of the few fruits
to be developed by creating a perched water table.
native to the United States.
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Site Preparation
Most small fruits are perennial crops. Strawberries are the exception.
They are planted as an annual crop in the southeast. Thoroughly preparing a
site can ensure years of successful cultivation.

Soil and Fertility
Test soils to determine nutrient levels and pH using proper soil testing
methods. Work the soil with a rototiller, disk, or harrow several times in
the year before planting to destroy weeds and loosen the soil. Just prior to
planting, plow the soil again. For most small fruits, applications of potassium,
phosphorus, magnesium, and calcium prior to planting (as given in the soil test
recommendations) will help establish a productive plot. Insoluble phosphorus
moves slowly in the soil and may take years to reach the root zone. However, it can
be mixed into the root zone before planting. Organic materials used for nutrients,
such as animal manures and legumes, can offer a source of slow-release nitrogen.
This material should be incorporated into the soil prior to planting. Many animal
manures also contain sufficient levels of potassium, phosphorus, and calcium.
It can be difficult to make these nutrients available to plants after the plants are
established. The soil pH should also be considered. It takes at least a year for lime
to raise soil pH and a year for sulfur to acidify the soil.

Weeds and Other Pests

“Without courage,

wisdom bears
no fruit.”
—Baltasar Gracian

Perennial weeds cause the greatest economic losses in berry crops and so
should be eliminated in preparation for planting. Weeds can be hard to control
after planting and can encourage other pest populations. Few herbicide options are
labeled for use in small fruits. A number of strategies can be used to control weed
populations, beginning one to three years before planting. These strategies include:
• Crop rotation, particularly with cover crops.
• Broad spectrum post-emergent herbicide application the season before
planting.
• Repeated cultivation (tilling).
• Covering the soil with black plastic for several months.
• Soil fumigation, which fills an area with
pesticide gas. This practice is currently allowed,
but will likely be restricted in the future due to
environmental concerns.

Miyuki Satake/Shutterstock.com

Figure 23-5. Much of the damage caused by
nematodes occurs in plant roots.

Many small fruits are susceptible to plant parasitic
nematodes (roundworms that live in the soil), which are
considered significant pests. Nematodes may build up
in association with crops such as legumes, clover, alfalfa,
vetch, and other weeds. Growers should determine if
there are nematodes in the soil and take steps to minimize
them if damaging levels are present. The soil-borne fungi
Verticillium (which causes wilt) and Phytophthora (which
causes rotting) are sometimes found in fields that have
previously been planted with certain crops, Figure 23-5.
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These crops include tomato, potato, tobacco,
eggplant, pepper, cucurbits, strawberry, black
raspberry, and blackberry cultivars.

Irrigation
Water is the most critical factor for optimal fruit
growth and development in small fruits. Prior to
planting, thoroughly moisten the transplants or bare
roots of bramble crops. Water plants immediately
after planting. For both commercial and home fruit
plantings, provide irrigation throughout the growing
season, especially near harvest time. A shortage of
water near harvest can limit fruit size and impact
the health of the plants for production the next year.
Most small fruits are shallow rooted so drip or trickle
irrigation will efficiently deliver water, Figure 23-6.

Max Lindenthaler/Shutterstock.com

Figure 23-6. Drip irrigation for blueberries and other
small fruits is an efficient and effective way to meet
water requirements for these crops.

Planting
Planting methods vary for different types of small fruits. Proper planting
time, soil nutrients, and soil pH are important considerations for successful crops.

Brambles: Blackberries and Raspberries
Most brambles are planted in the early spring. Commercial growers
generally use bare root, dormant nursery stock. Bare rootstock should be
healthy and free of disease and insects. Rootstock is planted within a day or
two of purchase. Dry bare roots can be soaked for several hours to rehydrate
the plant before planting. Holes for planting should be large enough to
allow the root system to spread. Rootstock is covered to a depth of 2″–3
″ ″
(5 cm–7.5cm), and the soil around the base of the plant is pressed firmly into
place. The stem can be cut off, leaving 3″–4
″ ″ (7.5 cm–10 cm) of stem, from
which new growth will emerge. Water the plants thoroughly after planting.
Some growers use tissue culture plugs because they are supposed be
completely disease free, including free of viruses. The plugs may need to be
hardened off prior to planting. Once a plug is ready for planting, set it in the
hole so the top of the plug is even with the soil. Place a thin layer of soil on
top around the plug. Water plants thoroughly after planting.

Strawberries
Strawberry planting varies depending on climate. In the southeastern
United States, strawberries are grown as an annual crop commercially. Plants
are set in the ground from September to early November and bear fruit in
April, May, and June. In northern climates, strawberries are grown as perennial
crops. Planting occurs as early in the spring as possible, after the ground will
no longer freeze. All plants (plugs or bare roots) should be well watered and
planted within a day or two of arrival. Make a hole that is large enough for the
roots to spread out. Plant the strawberries so that the crowns are even with the
soil surface. Press the soil down firmly but gently after planting.

Copyright Goodheart-Willcox Co., Inc.

“You’ve got

to go out on a
limb sometimes
because that’s
where the fruit is.”
—Will Rogers
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Strawberries that are vigorous should be
spaced 24″–30
″ ″ (60 cm–75 cm) apart. Cultivars
with moderate to low vigor are set 18″–24
″
″ (45
cm–60 cm) apart in the row. The rows are generally
placed 36″–48
″ ″ (90 cm–120 cm) apart. Most of
the runners from mother plants are permitted to
grow during the first season. In a double-row hill
system, the plants are placed 12″″ (30 cm) apart in
double rows, with plants alternating, Figure 23-7.
Rows are set with 30″–42
″
″ (75 cm–100 cm) of space
between rows. Runners are cut as they form to
create large individual hills that have high yield
and good quality fruit.
g215/Shutterstock.com
The process of growing strawberries using
plasticulture
begins with the soil bed being
Figure 23-7. Tighter spacing of strawberries using the
double-row hill system increases yields.
prepared, drip irrigation laid, and the plastic
pulled over the soil’s surface. Holes are then cut or
punched into the plastic at the preferred spacing. Plants, roots, or plugs are
planted in the openings in the plastic.

Blueberries
Prior to planting blueberries, the soil will likely need to be amended.
Using the soil test recommendations, bring the soil pH to an appropriate
level. To transplant successfully, choose nursery plants that are two or three
years old. Keep the plant roots moist at all times. Dig a hole large enough
for the roots to be able to spread. Plant the root ball or bare root plant so it is
level with the soil surface.
Five main types of blueberries are grown in the United States:
northern highbush, southern highbush, lowbush, rabbiteye, and halfhigh (a cross between highbush and lowbush), Figure 23-8. Lowbush
blueberry (Vaccinium angustifolium) cultivars
are grown in Maine and Canada. Space plants
12″–24
″
″ (30 cm–60 cm) apart in rows. Northern
highbush (Vaccinium corymbosum) cultivars are
grown primarily in the Midwest, mid-Atlantic,
Northeast, and Northwest. They are spaced
48″–60
″
″ (120 cm–150 cm) apart in a row, with 8′–10′
(2.4 m–3 m) between rows. Rabbiteye blueberries
(Vaccinium ashei) are native to the southeastern
United States and are planted 72″″ (150 cm) apart
in a row with 10′–12′ (3 m–3.7 m) between rows.
Most blueberries are planted in late winter or early
spring depending on the geographic region. Top
growth of the plants should be pruned, leaving
one to three of the most vigorous upright shoots.
Ilya Sirota/Shutterstock.com
In
the first year, remove flower buds (plump
Figure 23-8. Lowbush blueberries are native to
rounded buds) to drive energy toward root and
the northern United States and are an important
shoot development rather than berry production.
commercial crop in Maine and Canada.
Copyright Goodheart-Willcox Co., Inc.
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Cranberries

Load-bearing wire

Commercial cranberry bogs require
special site preparation to create soil
conditions that allow for 24″″ (60 cm) of
flooding. In backyard gardens, use a plastic
liner to hold water. Cranberries are planted
from rooted cuttings or nursery containers,
generally in the fall in northern climates.
Space one-year-old plants about 18″–30
″ ″
(45 cm–75 cm) apart. Space cuttings 9″
(23 cm) apart throughout the planting bed.

Maintenance
All small fruits require management as
they grow and develop through the seasons.
All crops need proper nutrition, irrigation,
pest management, and pruning. Each crop
also has specific growing needs that should
be researched. In general, plants require
nutrients throughout the growing season.
Using a synthetic fertilizer or other means,
applications and amounts of nutrients
should be appropriately timed for a crop.
Water is usually supplemented through
irrigation since small fruits are particularly
sensitive to drought stress. All small fruits
may have weed problems that need to be
addressed. Monitoring and management of
insect pests and other plant pathogens, such
as fungi, bacteria, nematodes, and viruses,
is important. More detailed information can
be found in cooperative extension service
publications for each crop.

ane-positioning wir

25′–30′

A
5′
Load-bearing wire
3 1/2′

6′
Cane-positioning
wire

25′

1 1/2′

18″–24
″
″

B
Post-bloom positioning

Pre-bloom positioning

Pruning and Training
Bramble crops need the most pruning
and training. Other small fruits, such as
blueberries and gooseberries, may need to
be pruned to remove weak, dense, and dead
growth to allow for rejuvenation and optimal
growth. Blackberries and raspberries are
trained and pruned for use in commercial and
home gardens. Trellising minimizes labor and
maximizes yields. A trellis can be as simple
as a fence or other supportive structure.
Commercial growers tend to choose an
I-trellis, a V-trellis, or a shift trellis, Figure 23-9.
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Figure 23-9. Types of trellises. A—An I-trellis, or hedgerow, with
an end-post configuration. B—The most commonly used trellis
is the V-trellis. C—The shift trellis allows for easier harvesting.
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Generally, the trellis has wires stretched between posts, and the fruiting canes
are tied to these wires in the spring. The erect varieties are tied where the canes
cross the wires. Trailing types have canes tied horizontally along the wires.
Each trellis has advantages and disadvantages and can be modified. Floricanefruitingg cultivars (brambles that produce fruit on second year canes only)
need pruning several times a year. Primocane-fruiting
g cultivars (brambles that
produce fruit at the top of first-year canes in late summer), such as raspberries,
need to be pruned only once a year during the winter or early spring.

Pollination

V. J. Matthew/Shutterstock.com

Figure 23-10. Commercial beehives brought
into a field for cross-pollination can help
increase fruit set and size.

In home garden production, most small fruit
pollination needs are met by wild or local hives of
honeybees or native pollinators, or the crop is self-fertile.
For commercial producers, berries can be improved by
cross-pollination, Figure 23-10. Pollination needs for
several berries are listed below:
• Most blackberries are self-fertile, but a few require
cross-pollination.
• Fruit set and crop yield for blueberries are
improved by cross-pollination.
• Currants are self-fertile.
• Most varieties of gooseberries, black raspberries,
and strawberries are self-fertile.
• Most red raspberries are self-fertile, but their size
is improved by cross-pollination.

Harvest
Small fruits are highly perishable. Harvesting for strawberries and brambles
is done frequently when fruit is ripe (every day or every two or three days).
Most harvesting is done in the morning when the berries are still firm and
temperatures are cooler. To optimize postharvest quality, fruit is picked gently
and placed into picking containers. Culls, undesirable, low-quality fruit that
is composted or thrown away, go into a different container. Blackberries and
raspberries bruise easily. They are packaged only two or three berries deep. Field
heat is removed through refrigerated cooling as soon as the fruit is harvested.
Blueberries should be picked every five to seven days for the best quality.
Berries are placed in small buckets or shallow trays not more than 4″–5
″ ″
(10 cm–13 cm) deep to prevent crushing. For the processing market, blueberries
may be mechanically harvested. Ripe currants and gooseberries can remain on
plants for as much as a week, allowing all fruit to reach maturity before harvesting.
Harvesting cranberries for the fresh market differs from harvesting
cranberries destined for processing. Fresh fruits are harvested with a picking
machine that has tines. The tines comb through the vines and catch the fruit.
The fruit is sent along a conveyor to be packaged. The wet cranberries are dried
in boxes with ventilation and refrigerated. Grading is done as they are packaged
for retail sale. Cranberries that will be processed for juice, dried fruit, or other
products are wet harvested. In wet harvesting, beds are flooded with water.
Copyright Goodheart-Willcox Co., Inc.
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A machine with a beater or a slipper is driven through the bed to remove the
berries. The berries float to the surface and are moved or pumped into a truck.

Tree Fruits and Nuts
Tree fruits and nuts are investments that need
time to produce a harvestable crop. Most tree fruit
and nut orchards are productive for decades. Tree
fruits are classified by the type of fruit produced.
Apples and pears are pome fruits. Cherries,
peaches, plums, nectarines, and apricots are stone
fruits, or fruits that have a hard pit in their center.
Citrus tree fruits include oranges, grapefruits,
tangerines, lemons, and limes. Other tree fruits
include persimmons, pomegranates, figs, quince, and
lauraslens/Shutterstock.com
avocados, Figure 23-11. Tree nuts include walnuts,
Figure 23-11. California produces about 95% of
almonds, cashews, pistachios, pecans, hickory nuts,
avocados grown in the United States.
filberts, and hazelnuts.
Home gardeners might consider planting fruit
Did You Know?
and nut trees as specimen trees in the landscape, instead of ornamental
Black walnuts are not
evergreens or deciduous plants. Using fruit or nut trees as shade trees
only delicious but have
provide an edible harvest and a cool, refreshing space to sit and relax. Pecans,
a number of interesting
walnuts, standard apples, and persimmons are beautiful trees that create
uses. The shells can
shade. A fruiting hedge of figs or filberts provides a fence or barrier and a
be used as an abrasive
crop to eat. This can also serve as a windbreak for other plants in the yard.
cleaning agent for

Site Selection and Preparation
Growing tree fruits and nuts successfully starts with finding an optimal
location. Considerations for selecting a site include climate and soil.

Climate
Climate is a very important factor when considering what to plant in a
backyard or commercial orchard. Many tree fruits have chilling requirements,
while others cannot tolerate freezing temperatures. Some locations may
not have a long enough growing season. For these reasons, it essential to
determine what can be grown in a given area to ensure successful planting.
For example, cherry trees generally do not thrive where summers are long
and hot or where winter temperatures are high for short periods, such
as much of the southeastern United States. Most sweet and tart cherry
varieties have chilling requirements of about 1000 hours. This means they
need about 1000 hours of temperatures between 35°F–55°F (1.5°C–13°C)
during the winter. The cumulative hours of chilling are required to break
dormancy so buds can develop in response to warm spring temperatures.
Areas such as southern California only reach 100 to 400 chilling hours.
Predominant cherry-producing regions in Washington state and Michigan
have more than 1200 chilling hours on average every year. Each tree fruit and
nut crop has different chilling requirements to break dormancy.

Copyright Goodheart-Willcox Co., Inc.

jet engines, a filter in
smokestacks, and a
filler for dynamite.
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Did You Know?
Some cherry growers
use fans and even
helicopters to dry fruit
after a rainfall. Ripe fruit
will swell and split as
it absorbs additional
moisture.

Climate also plays a role in the ability of pests and diseases to develop in
tree fruits and nuts. For example, many of the tree fruit and nut production
centers are in parts of California that have low humidity. Low humidity
reduces the risk of diseases that prefer moist, humid environments.

Soils
Fruit and nut trees should be planted in well-drained, medium-textured,
and fairly fertile soil. Avoid poorly drained soils as they inhibit oxygen from
reaching tree roots, encouraging the growth of root rot pathogens. It is nearly
impossible to establish and maintain a good orchard on a site with poorly
drained soil. Adding organic matter in the form of compost, manure, straw,
and sawdust can amend soils to increase their capacity to hold water and
nutrients. Woody materials may create nitrogen deficiencies in the soil and
may also bring weed seeds and other pathogens.
Test soils that will be used for planting new fruit trees. If recommended, soils
should be adequately limed and fertilized as much as two years prior to planting.
Orchard subsoils should be loosened to a depth of 24″–36
″ ″ (60 cm–90 cm) to break
up any hardpans and to encourage the movement of lime and nutrients to the
roots. Recommended soil pH is generally around 6.5 for most crops. Fruit and
nuts trees are generally not fertilized at planting or in the first year of growth.

Planting
When choosing a cultivar for a fruit or nut tree, consider hardiness,
disease resistance, yield, flavor, fruit size and appearance, and shelf life.
Depending on the type of fruit or nut and the cultivar, pollinizer plants may
also be needed to aid in pollination and fruit set. Home gardeners should
consider the space requirements of any fruit or nut trees they wish to plant.
Almost all fruit and nut trees are grafted or budded in the nursery to
a cultivar that will bear fruit or nuts. For example, all apple cultivars (for
example, ‘Honeycrisp’ or ‘Gala’) are grafted onto a rootstock. Apple rootstocks
are classified as dwarf, semi-dwarf, or standard. A backyard gardener might
select an apple cultivar that is grafted onto a dwarf rootstock for a small tree
that will be easy to pick, prune, and protect against pests. Rootstock material
also provides additional characteristics, such as disease resistance, soil
adaptability, and stress tolerance, and should also be chosen with this in mind.

Planting Timing
Climate determines the best time to plant tree fruits and nuts. In mild climates,
trees may be planted in the late fall or early winter. In northern climates, bare root
trees are planted in early to late spring. This timing gives roots enough time to
establish themselves and allows plants to develop into stronger, larger trees. Young
fruit trees are commonly shipped bare root, with the exposed roots wrapped in
moist sawdust. The trees should be planted as soon as possible after purchase.
Since potted trees can be thoroughly watered before shipping, nurseries ship
potted trees to limit plant stress during transport and transplanting.
Dig a hole that is twice the size of the root system, loosening the soil
on the sides of the hole. Prune any roots that are too long to avoid girdling.
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If the tree is grafted, plant the tree with the graft union above the soil surface,
usually about 2″–6
″ ″ (5 cm–15 cm). After the tree is in place, fill the hole with
soil that has been mixed with well-aged compost or other organic matter.
Water the tree thoroughly. Provide about three to five gallons of water per
week until the tree is established. Many growers will prune the top of tree
after planting to promote vigorous growth.

Sod Establishment
Many fruit tree orchards plant permanent sod covers between rows to prevent
soil compaction, decrease surface water runoff, increase soil-water infiltration
rates, minimize wind and water erosion, maintain or increase soil organic matter
content, conserve plant nutrients, and to make it easier to move sprayers and
other equipment during wet periods. Fescue, or a beneficial insect attraction mix,
is the most commonly planted grass. Establish the cover using seed or sod at least
six months prior to planting trees. It should also be managed for weed control.

Pruning and Training
Proper pruning and training of fruit trees is critical in the development
of a strong tree structure that can support fruit production. Correctly shaped
trees will yield high-quality fruit sooner and will last considerably longer than
incorrectly shaped trees. Regular pruning and training will also optimize light
infiltration to the developing flower buds and fruit, maintain tree vigor and
size, and allow air movement through the tree to minimize pest problems.
Trainingg is a practice that permits tree growth to be guided into a specific form.
Pruningg removes parts of a tree to correct or preserve tree structure.

Types of Pruning Cuts
Three main types of cuts are used during training and pruning:
• Thinning cut—removes
t
an entire branch back to its base. Thinning cuts
are used to eliminate crowding among branches, Figure 23-12.

Goodheart-Willcox Publisher

Figure 23-12. Thinning cuts remove crowding within a fruit or nut tree.
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• Heading cut—removes
t
only
the terminal portion of a
branch to just above a bud
or side branch. This cut
invigorates growth of lower
buds and creates a much
stronger branch. Lateral
secondary branches emerge,
Figure 23-13.
• Bench cut—removes
t
vigorous,
upright limbs back to side
branches. These cuts can open
the center of the tree, allowing
branches to spread outward.
This is an aggressive cut and
should be used only when
necessary.

Open Center System
The open center system is
a fruit tree training method that
keeps the center of the tree free of
large branches, allowing sunlight
to penetrate the lower fruiting
wood. This commonly used method results in a tree that is
vase-shaped, Figure 23-14. This method of pruning is generally
used on almond, apricot, cherry, fig, nectarine, peach, plum,
and prune trees. In the first growing season with newly planted
trees, three to five shoots are selected to train into the scaffold
branches (primary limbs that extend from the main trunk and
form the tree canopy). All other shoots are cut back to 4″–6
″ ″ (10
cm–15 cm). Scaffold branches are spaced several centimeters
apart vertically and spread evenly around the trunk. Avoid
upright limbs with narrow angles because they can break easily.
A 45° angle is the most desirable. The lowest branch should be
about 24″–32
″ ″ (60 cm–80 cm) above the ground.
Heading cuts are made to scaffold branches during the
dormant season of the first two years to promote continued
lateral branching and to strengthen the scaffold branches.
Remove all other strong branches to minimize competition
and keep the open structure. During the dormant season of
the third year, the primary scaffold branches can be pruned
so that secondary scaffold branches arise. After secondary
branches grow to 24″–30
″ ″ (60 cm–75 cm), they can be headed
to develop two to three tertiary branches. Manage mature
trees with thinning cuts to avoid crowding and to remove
any undesirable upright growth.
Goodheart-Willcox Publisher

Figure 23-13. Heading cuts promote invigorated growth and the
emergence of strong lateral branches.

Goodheart-Willcox Publisher

Figure 23-14. An open center system in fruit
trees allows for increased air flow and light
infiltration for fruit development.
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Central Leader System
A central leader system is a training method for fruit trees that
is characterized by one main, upright trunk called the leader. This
method allows maximum light penetration and is often used for apple,
pear, plum, and pecan trees, Figure 23-15. Pruning the tree to a height
of 30″–36
″ ″ (75 cm–90 cm) will balance the top and roots. It will also
encourage buds just below the cut to grow and form scaffold branches.
In newly planted trees, select the most upright shoot as the central leader.
Of the remaining shoots, select three to four branches spaced uniformly
around the trunk to make up the scaffold whorll (a spiral pattern of limbs).
Above each scaffold branch, leave an open area of 18″–24
″ ″ (45 cm–60 cm)
to allow light to penetrate to all lower leaves and fruit. Scaffold branches
should alternate up the leader, creating these light slots.
The scaffold branches or lateral branches may need to be spread
to a wider crotch angle to provide stronger, supportive branches for
bearing fruit loads in future years. Toothpicks or clothespins can be used
to angle the young branches open to 50°–60°. Maintaining the central
leader includes dormant pruning with a heading cut to approximately
24″–30
″ ″ (60 cm–75 cm) above the highest whorl of scaffold branches.
This promotes continued branching and scaffold whorl development.
Dormant pruning will also eliminate weak, damaged, dead, or diseased
wood, as well as branches growing downward or upright. Unbranched
lateral branches should be cut back.
In trees that have not been trained properly, very upright branch
angles can still be spread out to minimize the risk of limb breakage.
Branches can be tied down with weights. A board with notches cut at
each end can be used to hold the spread branches in place.

Goodheart-Willcox Publisher

Figure 23-15. A tree with a central
leader system has a strong main
trunk that provides optimal light
penetration.

Modified Central Leader
A modified central leader system is a variation of the central
leader form. In this system, the central leader is removed after five to
nine main lateral branches develop, Figure 23-16. This method is used
on walnuts and persimmons. It can help manage fire blight in apples
and pears. If one branch has fire blight, it can be removed without
significant loss to the tree.
As with central leader training, the most upright and vigorous shoot
is developed into the leader. The other branches are cut back except for
two or three lateral branches that are well spaced around the tree. Several
branches can be developed and should be offset from each other. The
branches should be well established before the central leader is removed.
In young pear trees, prune back to about 28″″ (70 cm) at the time of
planting. Four to six wide-angled branches (greater than 45°) should be
selected as the primary scaffolds and should be located at least 4″–12
″ ″
(10 cm–30 cm) apart. The lowest branch should be 20″″ (50 cm) from the
ground, and the branches should whorl upward around the trunk. Some
branches may be selected the second year. This is done for walnuts and
persimmons, with the spacing being slightly different for larger trees.
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Figure 23-16. A tree with the
modified central leader system has
multiple main trunks.
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Using spreaders to ensure a proper angle will result in trees that are
stronger, stiffer, and have a better structure. To encourage secondary scaffold
branches, follow the same process as for the central leader. Cut primary
scaffold branches and select secondary branches. Be sure to make proper
thinning cuts and remove any vigorous growth.

Summer versus Dormant Pruning
The time for pruning varies with the type of plant and its
fruiting habits, as well as the geographic location. Pruning in
spring and summer allows growers to train young trees and
can shorten the time to full fruit production. Shoots of young
trees can be bent and staked to make them grow at the proper
angles and in the proper directions. On mature trees, summer
pruning mainly involves removing vigorous upright shoots
that are not needed as permanent branches and heading or
thinning shoots to control tree height and develop branches.
It also slows the growth of the tree.
Pruning during dormancy in the winter months will
pryzmat/Shutterstock.com
encourage greater growth and branching during the growing
season, Figure 23-17. To foster the development of scaffold
Figure 23-17. Dormant pruning encourages
vigorous growth in the spring.
branches, prune the central leader above the highest scaffold
whorl during the dormant season. Dormant pruning should
be done after the risk of a severe freeze, generally in late winter or early spring.
Also make any thinning cuts to remove dead, diseased branches at this time.

Fruit Thinning
Did You Know?
Apples float in water
because they are
twenty-five percent air.

Fruit thinning is done on many fruit and nut trees to produce a desirable
fruit size and to ensure annual bloom. Trees that benefit from thinning
include apple and pear, stone fruit (plums, peaches, apricots, nectarines,
and cherries), some heavy-bearing citrus (mandarin orange), and some nut
trees such as pecans. Some trees naturally drop fruit, thinning themselves.
Many trees produce a crop only every other year unless they are thinned.
Alternate bearing years may also bring unmarketable nuts, small fruit size,
or physiological issues such as increased susceptibility to cold damage. Trees
with brittle wood may also risk breakage if a fruit crop is too heavy.
Thinning can be done by hand or using a pole to reach the fruit. Thin
apples and pears to one fruit per cluster and space clusters 6″–8
″ ″ (15 cm–20 cm)
apart. The space between peaches should be about the size of a hand, 6″–10
″ ″
(15 cm–25 cm). Pecan trees are shaken to remove up to half the crop load,
although this varies by cultivar. The timing for thinning depends on the crop
and weather conditions, but it generally happens soon after the fruit has set.

Nutrient Management
Orchards generally use less fertilizer than other crops. High levels of
nutrients can stimulate excessive growth and decrease fruit quality. An annual
soil analysis keeps growers and gardeners informed about the levels of nutrients
present in the soil and the soil acidity. Fruit and nut trees require nutrient
applications throughout their lifetime using recommendations from soil tests.
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STEM Connection
Espalier
Espalierr is a training method in which a plant
gro
owss flat against a wall, lattice, or other support.
Esp
pallie
er is a beautiful and functional horticultural
tech
hniq
que that trains plants into a single plane and
opttimizzes space. The fruit tree itself can be a fence if
traine
ed on wire between posts and can block unsightly
view
ws or provide an attractive screen. Most fruit trees
respo
ond
d to espalier training, but apples, pears and
plumss are the most commonly used. Landscape
plants
s can be used as well. The entire process can
take
e as long as 10 years with yearly maintenance.
In espalier training, tree branches are typically
traine
ed along the wires of a trellis. The trellis
sup
ppo
or ts may be steel posts or wooden fence posts
and
d generally have wire running between them. The
tree
e iss planted 6″–10
″
″ (15 cm–25 cm) from the wall
to pro
ovide enough room for the roots to grow and to
allo
ow fo
or air circulation and pest control.
To use the espalier method successfully, the
tree
e must be in its first year or two of growth. Older
tree
es are more difficult to train. Select an uppermost
new
w shoot, which is usually growing in an upright
possitio
on, and tie it into position as a central leader.
The
en select two shoots that will emerge below the
cen
ntra
al leader and tie them loosely with plastic ties
to the
e bottom wire, with one going in each direction.
Cutt bacck any other shoots to short stubs. In tying
a sho
oott to a wire, do not bend it so far downward
that th
he tip is lower than the attachment point on the
trun
nk.. Iff possible, arrange the shoot so the tip is a
few ce
entimeters higher than where it meets the trunk.
The
e uppermost shoot should grow well past the
seccon
nd wire by the end of the first growing season.

Steve Heap/Shutterstoc
ck.co
om

During dormancy in the following season, cut
back the central stem just below the second wire.
As lateral shoots emerge just below the cut, again
tie these to the second wire, with one going in each
h
direction. The branches that are trained to the first wire
e
won’t need much pruning the second year, except
to maintain terminal growth and to prevent vigorouss
upright shoot growth. Repeat this process during
the following years of training until the basic espalie
er
framework is in place. When the central leader
reaches the top wire, bend it in one direction and tiie itt
to the top wire or cut it just below the top wire.

Pest Management
Unless properly managed, insects and diseases can seriously damage fruit
trees. Practicing proper integrated pest management, such as scouting and
monitoring, allows growers and gardeners to properly identify pests so that
proper control measures can be used. Pests can be managed with multiple
methods, including cultural, biological, chemical, and physical or mechanical
control. Fruit trees are susceptible to a host of pest challenges. Pests must be
managed before severe crop loss and tree damage can occur. Contact a local
cooperative extension service office to learn about the most common pests for
each crop and the best management practices to control them.
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Corner Question
What is the only
apple native to
North America?

Harvesting and Storage
Fruit must be harvested at the proper stage of maturity in order to
maintain its nutrients and postharvest quality. Factors that maintain shelf
life and quality include timely harvesting, cooling, proper handling, and
storage. Each commodity has different maturity indicators, which are far too
numerous to list here. However, general indicators can include color changes,
size, starch and sugar content, firmness, taste, and natural falling (nuts).
Ripening times may vary from year to year depending on environmental
conditions.
Fruits and nuts can be harvested by hand or with mechanical harvesters.
Fruit intended for the fresh market are most often picked by hand, which is
an intensive and expensive process. Hand-picked fruits include apple, peach,
pear, apricot, mango, avocado, litchi, kiwi, olive, and sweet cherry. Many tree
nuts are harvested with mechanical shakers. A large machine wraps a plierslike mechanism around a tree trunk and vibrates the tree, causing the nuts
to drop, Figure 23-18. Mechanical pickers are then driven across the ground
to collect the nuts (similar to a golf ball picker on a driving range). Citrus
fruits and cherries may be mechanically harvested, especially if intended for
processing as juice or dried fruit.

Vine Fruits
Plants that grow as vines require some type of structural support and
training to produce a harvestable crop. Grapes are the most commercially
important vine crop. Kiwifruit, hops, and passion fruit are minor specialty
crops that have somewhat similar growing needs. Grapes are an ancient
crop. They are grown for fresh table grapes or processed into jams, juices,
and wine. Many native and non-native grapes can be easily grown by home
gardeners. While there are a few hardy kiwifruit vines for gardeners in
warmer climates, most commercial kiwi production occurs in California.

Michael Parker, North Carolina State University

Figure 23-18. Mechanical harvesting is done on many nut trees, including pecans.
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Hops, used primarily in the production of
beer, are produced in the Pacific Northwest
and Idaho, with smaller production pockets
elsewhere. Passion fruit is a specialty vine crop
grown for both the fresh and processed market.
Most production is done outside of the United
States, Figure 23-19.

Site Preparation and
Planting
Vineyard (both grape and kiwifruit)
and hopyard establishment involves
careful planning, thorough site preparation,
design, planting, and trellis construction. In
establishing a perennial crop, preparing the
site well will minimize costs and labor for
maintenance and harvest later on.

bouybin/Shutterstock.com

Figure 23-19. Passion fruit is produced primarily outside
of the United States, but makes an interesting vine crop for
home gardeners in warm climates.

Climate and Topography
Climate is the long-term prevailing weather of a region or site. The
climate of a vineyard or hopyard is influenced by temperature, precipitation,
winds, and other conditions. Large bodies of water or mountains can also
affect the climate. For example, many grape-growing regions are close to
large bodies of water such as the Great Lakes or the Finger Lakes. Grapevines
require at least 165 frost-free days to develop cold hardiness to protect
them from killing frost that damages plant tissues. Low temperatures are a
consideration for many grapes and will determine what type of grape and
cultivars can be grown in a given area.
Sloping land has advantages for trellised vine crops. Slopes allow for
adequate air drainage. Slopes can also reduce the risk of spring frost injury
dramatically. However, slopes greater than 15% are at risk of erosion and
nutrient runoff, and can be dangerous when using machinery.

Soil
Establish vine crops in well-drained, loamy soils. Many grapes
can manage on a wide range of soils, and rootstocks can increase the
adaptability to more marginal soils. Avoid wet soils for all plants. Hops
grow best in soil with a pH of 6–7. Depending on the grape, the pH range
extends from 5 to 7. Vitis labrusca (American) grapes can tolerate pH of
5.5–6.0. Hybrid and Vitis vinifera (European) grapes prefer 6.0–6.5 pH. Vitis
rotundifolia (muscadine) grapes require 5.5–6.5 pH. Organic matter builds
soil structure, improves the soil’s ability to hold water and nutrients, and
can be added prior to planting. Using the results from a soil test, planting
sites should be prepared at least a year before planting so that pH and
fertility can be adjusted. Many growers will till the subsoil to break up any
hardpans and to incorporate lime.
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Planting
Planting times and methods vary for grapes, hop plants, and
kiwi plants.

Grapes
Many different types of grapes are grown in the United
States, with each one having a characteristic suitable for the
fresh food or processed food market. Two species native
to North America are the Concord grape, Vitis labrusca
(‘Concord’ and ‘Niagara’ cultivars) and the summer grape,
Vitis aestivalis (‘Norton’ and ‘Delaware’ cultivars). Both are
used for table grapes, juice, jam, and jellies. A grape native to
the southeastern United States is the muscadine grape, Vitis
rotundifolia, Figure 23-20. Several seedless grape varieties have
been developed from these native species. Wine grapes from
the European grape, Vitis vinifera, or from French-American
hybrids are grown in many parts of the country, most notably in
Melinda Fawver/Shutterstock.com
California and the Pacific Northwest. Many of the hybrids have
been developed to adapt to cooler climates in areas such as the
Figure 23-20. The muscadine
grape is native to North America
Midwest and Northeast. Some are more tolerant to southern
and is well-suited for production in
climates. Most vinifera are grafted onto American rootstocks for
southeastern states.
disease resistance and soil adaptability.
Grapevines are generally planted in late winter to early spring as bare root
plants or container-grown plants. Dig holes for vines one day prior to planting.
Holes should be about 12″–18
″ ″ (30 cm–45 cm) deep. Set the grapevines in the
hole with the graft union remaining several centimeters above the soil surface.
Vines that are not grafted, such as muscadines, can be placed in the hole so the
crown is even with the soil line. Spacing of vine rows varies depending on the
level of vigor, but generally plants are placed 6′–10′ (1.8 m–3 m) apart, more for
muscadines. Water each vine thoroughly after planting.

Hop Plants

sivivolk/Shutterstock.com

Figure 23-21. Hop plants are grown mostly in the Pacific Northwest,
but there are emerging pockets in the upper Midwest and
Northeast.

Hop plants (Humulus lupulus)
are perennial vines that have male
and female flowers growing on
separate plants, Figure 23-21. Hop
plants die back in the winter and
produce annual bines (long, flexible
climbing stems) from a rhizome.
They are most often propagated
vegetatively from rhizomes or
softwood cuttings. Rhizomes are cut
into 6″–8″ (15 cm-20 cm) lengths and
are transplanted directly into the soil
or stored in a cool place. Softwood
cuttings are taken from stem lengths
with one to two nodes and two leaves.
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Hop plants should be planted into recently tilled rows in early
spring. The most common plant spacing is 7′ (2.1 m) apart in a row with
7′ (2.1 m) between rows. An alternate spacing is 3.5′ (1 m) apart in a row
with 8′–15′ (2.4 m-4.5 m) between rows, for an average of 800 to 1000
plants per acre. Hop rhizomes are planted horizontally with the bud side
up and covered with 1″–2
″ ″ (2.5 cm–5 cm) of soil. Once the bines grow to
18″–24
″ ″ (45 cm–60 cm), select four bines from each rhizome to keep and thin
the remainder. Two bines are then trained up each of the support strings in a
clockwise direction.

Kiwifruit
Kiwifruit ((Actinidia deliciosa) is a perennial vine that bears large fruit on female
flowering vines. The fruit has a characteristic fuzzy brown skin. Fruit texture is
similar to that of a strawberry and the flavor resembles a blend of strawberry and
pineapple. Hardy kiwifruit ((Actinidia arguta, Actinidia kolomikta) are the size of a
grape. Unlike the skin of Actinidia deliciosa, hardy kiwifruit has smooth, edible
skin. Kiwifruit are planted from potted cuttings and trained on a trellis system.
Some kiwis are also grafted, but limited research has been done in this area.
Plant kiwifruit vines 10′ (3 m) apart in the spring after the danger of frost
has past. Plant one male plant for every eight to nine female plants. Create
a hole large enough to accommodate the roots. Minor trimming of the roots
is acceptable if needed. Plant vines just deep enough to cover the top roots.
Never mound soil around the plant, even when the plant is established. Vines
should be thoroughly watered after transplanting.

Training and Trellising
Vine crops are grown on various trellis
systems. These systems provide vertical
support for the growing plant.

Grapes
Vineyard trellises are an investment that
should last a minimum of 20 years and be
strong enough to support large plants and
heavy fruit crops. A typical grape trellis is a
canopy training system. It includes two to
seven wires strung between 5′–6
′ ′ (1.5 m–1.8 m)
wooden posts, with end posts for anchoring,
Figure 23-22. Trellis designs should:
mrfotos/Shutterstock.com
• Be strong and long-lasting.
Figure 23-22. Trellis types vary by orchard, but all are
• Support the trunk, cordons, arms,
designed to guide growth and provide support.
canes, and foliage.
• Provide the maximum sunlight penetration to leaves and buds.
• Be economical to build.
• Be permanent, easy to repair, and require limited annual maintenance.
• Be adaptable to modern mechanical pruning and harvesting machines.
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Grapes are trained to maximize exposure of leaf area to sunlight, create a
desirable environment within the canopy, and promote uniform breaking of buds.
Grape training is also important for effective and efficient vineyard operations
regarding equipment traffic, fruit harvesting, pesticide application, and dormant
pruning. Training grape vines takes as long as three years. Start by establishing
the cordons (major branches that come from the trunk) and encouraging the
development of shoots and fruiting spurs (canes that have has been pruned to have
only a few nodes). Figure 23-23 details some of the more common types of training
systems that have been developed and for which situations they may be useful.
There are numerous training systems that can be used, depending on the situation.

Grape Terminology
• Cane—mature, woody shoot after leaves fall.
• Cordon or arm—major branches off the trunk from which canes
or spurs emerge. Usually situated horizontally along a wire. Fully
developed cordons can support spurs and canes. Cordons can extend in
one or two directions from the trunk. They are kept for several years.
• Pruning—cuts
g
that remove parts of a plant to manage crop size, fruit
quality, and vegetative growth. Cane renewal or cane replacement involves
removing canes that bore fruit the previous year and selecting canes that
grew the previous year for fruiting in the current year. Spur pruning
removes short canes that fruited the previous year and replaces them with
spurs on the cordon as a site for fruiting and shoot growth the current year.
• Shoot—growth from a bud on a cane, spur, cordon, or trunk. A shoot
has leaves and tendrils and may also bear fruit. As a shoot matures
and drops its leaves in the fall, it is then called a cane.
• Spur—a cane pruned to five or fewer nodes. A renewal spur has one
or two buds for cane production, and a fruiting spur is chosen to
produce fruiting shoots.
• Training—development of the vine structure on the trellis. Training
will maximize sunlight penetration to fruit and foliage.
• Trunk—semipermanent, aboveground, vertically oriented stem of a
vine plant.

Hop Plants
Hop plants have bines that wrap shoots clockwise around a trellis or support
wire. Many have downward-pointing bristles called trichomes to aid in their
ascent. Vertically growing hop bines produce more flowers than those growing
horizontally. This means that a taller trellis system will result in greater yields. The
overhead trellis system is most often used for commercial production with 16′–20
′ ′
(4.9 m–5.5 m) systems. Poles made from cedar, fir, or pine are set 3′′ (0.9 m) in the
ground and are connected by overhead wire cables that run down and across
the rows. Edge poles are placed along the end of the rows and installed with a
60°–65° outward angle. Guy wires are fastened to anchors in the ground to brace
the system. On the lower 24″–36
″ ″ (60 cm–90 cm), leaves and lateral branches are
generally stripped from the bine to promote airflow and reduce spread of diseases.
Stripping can be done manually, chemically, or even using livestock.
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Common Training Systems for Grapes
Training System

Advantage

Disadvantage

Recommended

High Wire Cordon
(Hudson River Umbrella)

• Simple trellis
• Large trunk and
• Hybrid or native
installation
cordon can be
cultivars where
• Large trunk and
difficult to replace if
inexpensive
cordon provide
winter injury occurs
production is
reservoir for
• Old cordons hard
desired
carbohydrate
to remove and may
storage
be a source of
• Annual vine tying is
disease
minimized
• Fruit high for sun
exposure
• Allows for
mechanical pruning

VSP (Vertical Shoot Positioning)

• Simple vine
• Fruiting spurs may
concept makes for
be lower quality
easier replacement • Fruiting zone can
after winter injury
be diminished
and annual
compared to other
management
systems
• Little tying
• Adaptable to
mechanical pruning

Umbrella Kniffin

• All canes originate • Cane tying required • Hybrid and
from upper arms,
• No mechanized
native cultivars
thereby optimizing
pruning
susceptible to cold
sunlight
damage, or white
• Apical dominance
vinifera intended for
minimized
bulk production
• Adaptable to
mechanical harvest

Geneva Double Curtain

• Good for large
canopies
• Increases light
penetration to
horizontally divided
canopy
• Increases yield
per acre, reducing
production cost per
ton
• Can be
mechanically
pruned and
harvested

• More costly to
install and manage
• Requires wider row
spacing

• Good for vines
with small size or
moderate to lower
vigor vinifera where
fewer nodes are
required

• Highly vigorous
hybrid or native
cultivars

Goodheart-Willcox Publisher

Figure 23-23. Various training systems for grapes.
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Kiwifruit

Mehmet Cetin/Shutterstock.com

Figure 23-24. Properly trained kiwifruit will set four to six fruits
per fruiting cane.

Kiwifruit pruning and vine training
are done to reduce shade and vine growth
to encourage better fruit bud development.
Most vines are trained to a single trunk.
Once the trunk reaches the top of the trellis,
two canes are selected to be the cordons
(main arms) to grow in opposite directions.
Fruiting canes will originate from these
cordons and produce four to six fruits at
their base, Figure 23-24 Male vines are
trained to promote maximum flowering.
Once blooms are finished, canes are cut
back to promote the growth of short, new
canes on the trellis.

Nutrient Management
The best way to determine crop nutrient needs is to take annual soil tests.
Nutrient needs vary depending on soil quality, cultivars, the growing region,
and other environmental factors. In general, the following recommendations
provide a baseline understanding of vine crop nutrient needs. Supplement
this information with specific soil test results and additional research into
what is suitable for a particular area.

Hop Plants
The nitrogen requirement for hop plants is approximately 100–150 lb per
acre. Hop plants have low phosphorus needs. They only remove 20–30 lb of
phosphorus per acre, which should be replaced. Potassium is required at a
rate of approximately 150 lb per acre.

Grapes
With established grapes, annual applications of nitrogen may be the
greatest nutrient need. Apply ammonium nitrate at the rate of 0.3 lb (or the
equivalent in nitrogen from another source) per vine in an area extending
from 4′ to 6′ (2.2 m to 1.8 m) from the trunk. Nitrogen application should
be made in late winter to early spring before growth resumes. Magnesium
deficiency may occur and may be a function of low pH. This can be
corrected with liming. If pH is not the issue, magnesium sulfate can be
sprayed on the vines.

Kiwifruit
Fertilizer application is important for kiwifruit and consists mostly of
nitrogen fertilizer applied two or more times per year. For fruiting vines, use
1 lb of nitrogen per plant or 150 lb per acre with 50%–60% of nitrogen applied
in March to April and the balance in May, June, and July.
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Irrigation
Most grapes, hop plants, and kiwi are irrigated. Many use drip or trickle
irrigation. Others may use a sprinkler system that can both irrigate and provide
frost protection. Similar to systems described above, irrigation comes from a
mainline and separates into different lines along each row. Irrigation optimizes
fruit quality and minimizes stress on the plants to keep them productive for years.

Pest Management
All vine crops have pests, such as weeds, insects, and diseases, that need
to be monitored and managed throughout the growing season. There are
many cultural, biological, physical, and chemical practices that are used by
growers and are specific for each crop. Detailed crop information is available
through cooperative extension service offices.

Harvest and Storage
Harvesting and storage methods also vary for grapes, hop plants, and
kiwi plants.

Grapes
Grapes are not picked until they are fully ripe because
their quality does not improve after harvesting. The best
indication for table grape maturity is flavor. In wine grapes,
characteristics of aroma, flavor, tannins, sugars, and acids are
specific to each variety and should be monitored. Tannins are
naturally occurring chemical compounds found in wine grapes
(and other plants) that impart a bitterness, astringency, and
complexity to the final product. Many grapes are mechanically
harvested, sorted, crushed, and processed for juice or wine.
Grapes may also be harvested by hand. Each cluster is cut with
a knife and carefully packed to avoid crushing, Figure 23-25.
Table grapes will keep for several weeks if they are picked
carefully and stored in a cool, well-ventilated place.

Hop Plants
In commercial hop production, bines are mechanically
harvested to collect the female cones (fruit). In home
gardens, hand harvesting is common. Vines can either be
CoolR/Shutterstock.com
cut down completely or cones can be picked as they reach
Figure 23-25. Hand harvesting fruit
maturity. Mature hop cones feel light and dry, and spring
crops such as grapes maintains optimal
back when squeezed. The lupulin glands at the base of the
postharvest quality.
cone petals are golden-yellow, have a sticky residue, and
are fragrant when squeezed. Hop cones must be dried after
harvesting. They can be forced air dried between 130°F and 150°F (55°C and
65°C), then stored in a cool, dry, dark freezer or refrigerator.
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Kiwifruit
Commercial kiwifruit (Actinidia deliciosa) is hand-picked when sugar
levels are at 7% and the fruit is at a hard stage (14 to 20 lb of pressure). Fruit
are cooled and stored at 32°F (0°C). Refrigerated cold storage can keep
fruit firm for three to six months. Avoid exposure to ethylene which causes
kiwifruit to soften and have a shortened shelf life.

Careers in Pomology
Pomology offers several interesting career options. Two careers related to
pomology are grower and food safety manager.

Grower

Phillip Minnis/Shutterstock.com

Figure 23-26. Growers may purchase or lease machinery during
planting or harvest.

Growing fruit for the fresh food market
or processed food market is an important
agriculture career. From vineyards to
orchards or integrated farms, growers
make decisions regarding production,
marketing, financing, and human resources
management. On the production end,
growers manage the soil, plant, cultivate,
prune and train plants, and harvest fruit.
Growers use a broad range of machinery and
tools, from tractors and irrigation equipment
to trellising equipment and pruning shears,
Figure 23-26. Duties of a grower may include
managing the soil and applying fertilizers;
transplanting, weeding, irrigating, or pruning
crops; applying pesticides; and cleaning,
packing, and loading harvested products.

Food Safety Manager
A food safety manager works for an agricultural food company to ensure
that all suppliers follow food safety requirements. The food safety manager
will often act as a liaison between departments in the company, suppliers,
customers, and regulatory agencies. Responsibilities of a food safety manager
may include supervising and training food safety specialists and food safety
samplers who work in the field. This person ensures that all agricultural
food company suppliers are approved and have third-party audits for
good agricultural practices (GAPs). If there is a food recall, the manager
coordinates documentation retrieval and works as a liaison with the US Food
and Drug Administration (FDA). Food safety managers must be informed
about food safety and related federal and state requirements to ensure they
are implemented and explained to all responsible parties. This position
usually requires an advanced degree in agriculture, biology, or microbiology
and requires at least five years of related experience.
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Chapter Summary
•
•
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Fruits and nuts contain important vitamins and minerals and are an essential part of a
healthy diet. Eating fruits can also reduce the risk of diet-related diseases.
Tree fruits and nuts average $18 billion dollars in annual sales. Fruit crops are sold into
both fresh food and processed food markets.
Small fruits consist primarily of blueberries, strawberries, blackberries, raspberries,
and cranberries. Considerations for selecting a growing site include factors such as
temperature, soil, and slope.
Most small fruits are perennial crops. Soil fertility and pH, weeds and other pests, and
irrigation are factors that affect production of small fruits.
Planting methods and timing vary for different types of small fruits. All small fruits
require proper nutrition, irrigation, pest management, and pruning.
Small fruits are highly perishable. Strawberries and
d brambles aare harvested repeatedly
as fruit ripens. Cranberries may be harvested with
th a picking mach
machine or by flooding the
growing beds.
Tree fruits include apples, pears, peaches, ch
cher
cherries,
erries, apricots, plums
plums, citrus fruits; tree nuts
include cashews, pistachios, pecans, hazelnuts,
lnuts, and
d macadamia
cadamia nu
nuts. Tree fruits have
specific chilling requirements and prefer well-drained ssoils and
nd fu
full sun.
The timing of planting for tree fruits and nuts depends on the cclimate. Many fruit tree
orchards establish permanent sod covers between rows.
Proper pruning and training of fruit trees is critica
critical factor in the development of a strong
tree structure that can support fruit production
uction.
Three types of pruning cuts are thinning cuts, h
heading
ead
ea
cuts, and bench cuts.
Open center, central
ntral leader, and modified central leader aare the most common training methods.
Fruit thinning
ng is done to produce
oduce a desirable fruit size and to en
ensure annual bloom of m
many
fruit and nut
ut trees. Fruits and nuts can be harvested by hand or with mechanical
ical ha
harvesters.
Grapes aree the mostt commercially important vine crop. Kiwifruit, hops, and
d passion fruit
are minor specialty
y cr
crop
crops.
op Climate,
limate, slope, and soil are important consider
considerations for the
growing site.
Vine crops are planted
nted in late w
winter to early
arly
ar
y spring. They are grow
grown on various trellis
systems. Nutrient needs
eeds vary depending
go
on
n so
soil
il quality and cultivars. Most grapes, hop
plants, and kiwi are irrigated, often with drip ir
irr
irrigation.
r
n.
Grapes should not be picked until they are fully ripe b
because
use
se th
they
ey do not improv
improve in
quality after harvested.
ted. In commercial hop production, bines aare
re m
mechanically
echa
ec
hanic
harvested
to collect the fruit. Commercial kiwifruit is hand-picked.
Pomology offers several
eral interesting career options includ
including grower and food safety manager.
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Words to Know
Match the key terms from the chapter to the correct definition.
A.
B.
C.
D.
E.
F.
G.

2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

bench cut
bine
central leader system
cone
cordon
cull
espalier

H. floricane-fruiting
I. heading cut
J. modified central leader
system
K. muck
L. nematode
M. open center system
N. primocane-fruiting

O.
P.
Q.
R.
S.
1.

scaffold branch
spur
tannin
thinning cut
whorl
The major branches that
come from the trunk of a
vine.

A training method in which a plant grows flat against a wall, lattice, or other support.
A cut that removes upright limbs back to side branches.
A soil composed of primarily decomposed organic matter.
Primary limbs that extend from the main trunk and form the tree canopy.
A roundworm that lives in the soil, some of which are plant parasitic and considered
significant pests.
Naturally occurring chemical compounds found in wine grapes (and other plants) that
impart a bitterness, astringency, and complexity to wine.
A fruit tree training method that keeps the center of the tree free of large branches,
allowing sunlight to penetrate the lower fruiting wood.
A spiral pattern of limbs.
A training method for fruit trees that is characterized by one main, upright trunk called
the leader.
An undesirable, low-quality fruit that is composted or thrown away.
A long, flexible climbing stem.
A variation of the central leader form in which the central leader is removed after five to
nine main lateral branches develop.
Brambles that produce fruit at the top of first-year canes in late summer.
A cut used to prevent crowding in fruit trees by removing an entire branch back to its
base.
A cane that has been pruned to have only a few nodes.
Brambles that produce fruit on second-year canes only.
The fruit of a hop vine.
A cut that removes the terminal portion of a branch to just above a bud or side branch,
promoting growth and lateral branch emergence.
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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.
22.
23.

What are some health benefits of eating fruits?
What role does vitamin C play in the body and in what fruits can it be found?
What are the largest fruit-producing states in the United States?
Name some common fruits produced for the fresh food market and for the processed
food market.
What are some examples of chilling requirements for small fruits?
What type of surface slope is good for growing small fruits and what slopes should be
avoided?
What type of soil is good for growing small fruits?
What nutrients should be applied (based on soil test recommendations) when preparing
plots for small fruits?
Describe techniques used to minimize potential weed problems prior to establishing
small fruit beds.
Discuss the importance of water for growing small fruits.
Why do growers use tissue culture plugs in bramble production?
Describe how the process of growing strawberries using plasticulture begins.
At what time of year are blueberries planted and how should they be pruned?
Explain how cranberries are harvested for the processed food market.
What type of soil is best for growing fruit and nut trees and how should soil for new
plantings be prepared?
Describe the three main types of pruning cuts used for fruit trees.
Why would a grower use a modified central leader training system for a fruit or nut tree?
Why might a grower prune fruit and nut trees in the spring or summer?
What is the purpose of fruit thinning and what are some fruits and nuts that benefit from
this practice?
What is the most commercially important vine crop and what are some specialty vine
crops?
How should hop plants be planted?
What are characteristics to consider when designing a trellis for vine fruits?
How are grapes harvested and how should table grapes be stored?
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Thinking Critically
1. A local architectural firm has just finished restoring a home that was originally built
in the 1800s and will now be used to house a local history museum. The city and the
architectural firm are jointly holding an open house to showcase the restoration. The
architectural firm has hired you to plant heirloom fruits and nuts on the grounds. What
type or types of fruits and nuts are appropriate? What might you need to take into
consideration when filling this contract?
2. Fruits and nuts are susceptible to a number of different diseases. Imagine that production
in your region is threatened with a new disease. What options are available? How would
you begin to determine what to do?

STEM and Academic Activities
1. Science. Find out more about flower pollination. Why do some fruits need neighboring
plants in order to produce blooms or fruits? How does this impact fruit production?
Write a report summarizing your findings.
2. Technology. Investigate technologies that allow for mechanical harvesting of some fruits
and nuts. Prepare a three-paragraph summary of your findings.
3. Engineering. Vine crops require trellising to support growth and optimal yield. Research
the different trellis and training methods and construct a trellis system that will provide
maximum light infiltration and airflow among the vines.
4. Math. The cafeteria manager at your school would like to purchase local apples for
student lunches. They are required by federal law to provide a one-fourth cup serving
per student. There are 1000 students in your high school. How many servings could
typically be prepared from one apple? How many apples would your cafeteria manager
need to order to provide a serving to every student?
5. Language Arts. Complete an oral history by interviewing a fruit grower. If you are
unable to interview someone, read one or more case studies about fruit farmers or
pomologists from reliable Internet or library resources. How does the information
you learned from the interview or reading supplement what you have learned in this
chapter? Write a detailed summary of your interview or reading, describing how being
involved in fruit production influenced the person’s life.

Communicating about Horticulture
1. Listening and Speaking. Working in small groups, create a poster by drawing a tree
fruit training system with labels illustrating the basic components. Toward the edges of
the poster, draw the types pruning cuts that are made. Use arrows and labels to indicate
where these cuts are usually made. Present your poster to your peers.
2. Reading and Speaking. In small groups, discuss the photographs in the chapter. Identify,
in your own words, what is being shown in each photograph. Discuss the effectiveness of
the illustrations compared to the text description.
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3. Listening and Speaking. Working with a partner, compare and contrast the different
types of fruit and nut crops. Consider the perspective of manufacturers, growers,
merchandisers, and consumers. In what situations would one commodity be preferable
to the other? Record the key points of your discussion. Hold a class discussion. Compare
your responses to those of your classmates.

SAE Opportunities
1. Exploratory. Job shadow a fruit grower for a
small, mid-sized, or large orchard. What are the
daily responsibilities for this job?
2. Experimental. Take three young fruit trees and
train each one using a different training method.
What impacts did the training have on fruit set
the following year? Which method yielded more?
Nejron Photo
3. Experimental. Research which fruits and nuts
will grow well in your region. Try growing a few of the different types in your school
garden and grounds and determine which fruits thrive.
4. Exploratory. Create a list of processed fruit products that could be sold in your
school’s plant sale. What food safety guidelines do you need to follow? What
regulations do you need to comply with? Create a guide for processing fruits for your
agriculture and food classes. Include information relevant to this project for future
students.
5. Entrepreneurship. Grow small fruits in your school garden and sell them to
customers. Where is your market? How will you advertise? Can you provide enough
produce to make this feasible? What other ways could you supplement your fruit
sales?
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