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Introduction

The 2022–2023 edition of the Penn State Tree Fruit Production
Guide has been updated to provide accurate and current
recommendations and pesticide registrations. The part
titles are printed on the back cover with tab markings to
make them easy to locate. Comprehensive tables of contents
are provided at the beginning of each part. Chemical
management tables are grouped together to make them easily
accessible. The pesticide registration information included
in this guide reflects available labels as of September 2021.
Always read the current pesticide label before making any
pesticide application.

Overview of the Penn State Tree
Fruit Production Guide

More than a “spray guide,” the Penn State Tree Fruit
Production Guide collates comprehensive tree fruit
production information for commercial growers and other
fruit industry personnel. The guide is revised every two years
with input from Penn State faculty, extension educators, and
other consultants.
Part I: Cultural Information contains guidelines for
establishing an orchard, choosing a tree fruit nursery, caring
for nonbearing trees, and maintaining bearing orchards.
Included is a listing of nurseries, a listing of apple and peach
cultivars, up-to-date information on disease-resistant cultivars
and rootstock availability, cookbook directions for pruning
apples to different systems and recommendations for summer
pruning, information on environmental monitoring and frost
protection, and a discussion of bees and pollination issues.
Part II: Diseases Disorders, Pests, and Natural Enemies
stresses the use of all possible control strategies in pest and
pesticide management. It contains information on the biology
of tree fruit pests and provides control options other than
pesticides, including biological, biorational, and cultural
pest management tools. In addition, commonly encountered
disorders on fruit and leaves are also included.
Part III: Chemical Management describes the appropriate
use of chemicals within integrated pest management and
pesticide resistant management strategies. It also deals with
safety, spraying, and the use of individual pesticides.
Part IV: Chemical Management Tables includes efficacy
and timing tables for pesticide use in the various tree fruit
crops. It also covers reentry and preharvest intervals and
pesticide storage.
Part V: Integrated Pest Management Spray Programs
offers specific suggestions for pesticide use on apples,
pears, peaches, nectarines, apricots, cherries, and plums.
Remember, the pesticide label is the document that
ultimately prescribes how a chemical can be used, and labels
can change. When applying a chemical, have a copy of the
label in hand.

Part VI: Harvest and Postharvest Handling incorporates
new information on controlled-atmosphere fruit storage.
Also discussed are fruit testing to determine maturity, storage
guidelines, and the control of common postharvest fruit
disorders and diseases.
Part VII: Cider Production and Food Safety describes how
to make, handle, and market safe, high-quality apple cider. Good
manufacturing practices for cider production are described.
Part VIII: Maintaining the Safety of Apples and
Apple Products describes good management practices for
growing, packing, and cider production to avoid potential
food safety hazards.
Part IX: Farm Management presents sample budgets
for land preparation, orchard planting, and mature orchards,
as well as production budgets for fresh-market apples,
processing apples, fresh-market peaches, and other tree fruit.
Also provided are updated descriptions of state and federal
laws that apply to Pennsylvania fruit producers, including
those governing hiring, wages and withholding, worker and
community safety, workplace discrimination, and seasonal/
migrant labor.
Part X: Marketing provides basic information about
marketing products and is intended to help growers consider
whether they are fully utilizing their retail outlet, offering the
right products to the right consumers, and using the right
promotional strategy.
Part XI: Precision Agriculture discusses developing
a decision support system to improve efficiency and
optimize returns while reducing inputs. Water use, energy
consumption, labor, and environmental impact are examples
of production practices that will be reduced. Once reducing
these inputs, the result should be an increase in production,
crop quality, and efficiency. These goals can be accomplished
through the use of sensors, cameras, improved machinery,
robotics, and autonomous field operations.
Appendix provides is a list of online resources for
growers, a bibliography of important reference texts, and a
chart of useful conversions for weights and measures.

The Integrated Pest
Management Approach

Pesticide use and pest resistance can be decreased—and
possibly even eliminated—by understanding diseases and
insects clearly, scouting for pests routinely, and monitoring
environmental conditions daily. Effective pesticide programs
require careful pesticide applications and correct timing. The
combination of thorough orchard monitoring, horticultural
controls, and judicious pesticide use is known as integrated
pest management (IPM).
IPM is the guiding concept of the Penn State Tree Fruit
Production Guide. To make the best use of this guide, study
and understand the biology of diseases and insects. Then

incorporate both horticultural and chemical control measures
into your management strategy.
Always read the label before using any chemical.
Application rates in this guide’s tables and spray programs are
given as amounts of the commercial formulations. Consult
the section on pesticide safety in Part III or the extension
office in your county concerning the safe disposal of any
chemical mentioned in this publication.
All pesticides discussed in this guide are registered
for the indicated crops as of September 2021. Application
suggestions are based on the continued registration of each
pesticide. If any material listed should lose or change its
registered usage, a notice to that effect will be announced.
A brief update of the information in this guide may be
published in early 2023 and distributed at extension
educational meetings and local extension offices. Do not use
this publication after the 2023 season.

Table 2-16. Efficacy of various insecticides against BMSB adults during direct contact laboratory bioassay.
Active Ingredient
(IRAC Group)
Acetamiprid (IRAC 4A)
Clothianidin (IRAC 4A)

Product (Rate Tested)

Percent Direct
Mortality at 24/72
Hours After*

Number of
Applications Per
Season**

Comments***

Assail 30 SG (6 oz)

87/87

SF: 4; PF: 4

7-day PHI on SF and PF

Belay (6 oz)

100/100

Peach: 2; PF: 2 app

Not registered on nectarines

Admire Pro (2.8 oz)

82/87

SF: 1; PF: 1 app

0-day PHI on SF; 7-day PHI
on PF

Leverage 360 (2.8 oz, mix)

95/93

SF: 1; PF: 1

7-day PHI on SF and PF,
includes beta-cyfluthrin

Actara (4 oz)

92/97

SF: 2; PF: 3

No more than 0.25 lb ai per
season on PF, and 0.17 lb ai
on SF

Endigo ZC (5 oz, mix)

98/100

SF: 3; PF: 4

See comments for Actara and
Warrior

Voliam Flexi (6 oz, mix)

100/100

SF: 2

See comments for Actara

Lannate SP (16 oz)

92/98

Apple: 5; nectarine: 3;
peach: 6

Strong rate response

Imidacloprid (IRAC 4A)

Thiamethoxam (IRAC 4A)

Methomyl (IRAC 1A)

Lannate LV (3 pt)

87/92

Apple: 5; peach: 6

Not registered on nectarines

Oxamyl (IRAC 1A)

Vydate (6 pt)

68/73

Apple: 1

Thinning caution

Fenpropathrin (IRAC 3)

Danitol (16 oz)

95/82

SF: 2; PF: 2

3-day PHI on SF, 14-day PHI
on PF

Warrior II (2.5 oz)

73/72

SF: 4; PF: 4

No more than 0.16 lb ai per
season

Lambda-Cy (4.4 oz)

52/40

SF: 5; PF: 5

No more than 0.16 lb ai per
season

Besiege (10 fl oz, mix)

40/40

SF: 4; PF: 4

See comments on Warrior

Endigo ZC (5 oz, mix)

98/100

SF: 3; PF: 4

See comments on Actara and
Warrior

Scorpion 35 SL (7 fl oz)

97/98

Registered for use only on
peach and nectarine under
a supplemental label

Lambda-cyhalothrin (IRAC
3)

Dinotefuran (IRAC 4A)

*Dead and moribund BMSB adults grouped as dead.
**SF = stone fruit, PF = pome fruit. Always read and follow the most current pesticide label.
***Other tested products (rate) with adult BMSB direct mortality lower than 50 percent: Altacor (3 oz); Asana (14 oz); Avaunt (6 oz); Baythroid XL (2.8 oz); Beleaf (2.8 oz); Delegate
(7 oz); Diazinon 50 W (3 lb); Esteem (5 oz); Imidan (4 lb); M-Pede (2%); Neemix 4.5 (16 oz); Pounce 25 WP (16 oz); Rimon (30 oz); Sevin XLR Plus (3 pt); Stylet oil (2%).

Table 2-17. Suggested timings and product options for the control of brown marmorated stink bug in fruit orchards.
Timing

Other Pests to Manage*

BMSB Product Options**

Comments

After bloom (May–June)

Aphids, CM, leafhoppers, OBLR,
OFM, PC, TABM

Actara, Admire Pro, Assail,
Besiege, Voliam Flexi

To suppress early season
populations

Midsummer

Aphids, AM, JB, leafhoppers,
mites, scales

Actara, Admire Pro, Assail, Belay,
Danitol, Leverage, Scorpion***,
Venom***, Vydate

Control on stone fruit; suppression
on pome fruit

Danitol, Endigo, Lannate,
Control on pome fruit
Scorpion***, Venom***, Warrior
*AM = apple maggot; CM = codling moth; EAS = European apple sawfly; JB = Japanese beetle; OBLR = obliquebanded leafroller; OFM = Oriental fruit moth; PB = peachtree borer;
PC = periodical cicada; RAA= rosy apple aphid; TABM = tufted apple bud moth.
**Suggested assortment of products is based on “direct mortality” assessed during laboratory bioassays conducted at the Penn State Fruit Research and Extension Center
(September 2017).
***Scorpion and Venom are registered for use only on peaches and nectarines.
Late summer

CM, leafhoppers, OFM, TABM
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effective products earlier in the season, the same products
on apples may be much more valuable for BMSB control in
August, September, or October. Since all products have a
limited number of applications and active ingredients that can
be used during a season, utilizing the most effective insecticides
before they are essentially needed will likely leave us with only
less effective alternatives later in the season.

Expected Sources of BMSB Influx
Population pressure from BMSB is not uniform outside or
within any particular orchard, but it fluctuates during various
times of the season. Some orchard blocks located next to woods
may not have to deal with stink bugs until later in the summer;
blocks next to various kinds of dwellings most likely will be
affected earlier in the season; while blocks located inside other
large groups of orchards may experience only low pest pressure
throughout the season. However, in every orchard, due to the
ability of adult BMSB to rapid move quickly among various
hosts, a constant and vigilant monitoring program is the very
basis for successful management. Commercially available traps
and lures for BMSB monitoring provide valuable information
and can help growers decide if insecticide treatments are
needed to manage BMSB. Stink bug traps and lures from
Ag-Bio (http://www.agbio-inc.com/dead-inn-pyramid-trap.
html), Trécé Inc. (https://www.trece.com/products/), and
Sterling International (https://www.rescue.com/products/
traps/) are available for purchase and should be very helpful
with effective monitoring of BMSB adults and nymphs in
orchards. Although traps by themselves will not control BMSB,
by capturing adults and nymphs, traps can be utilized as an
effective warning system in orchards.

Crop/Block-Specific Characteristics
Factors such as different harvest dates for fruit, the mixture
of cultivars, surrounding vegetation as a possible source
or barrier for BMSB populations during the season, and
the attractiveness of the crop to BMSB mandate individual
treatment strategies for each separate orchard or block within
the orchard. While some fruit blocks might require seasonal,
intensive management options against BMSB, other blocks
might require a less intensive program. Unfortunately, there
is no “one size fits all” recipe for successful management in
dealing with this pest.

Necessity of Controlling Other Pests
In orchards experiencing continuous, seasonal pressure from
BMSB, seasonal control options must be carefully selected. While
selecting best control options, growers should also consider
what other fruit pests and the beneficial natural enemies may
be affected by their selection of products used against BMSB.
Detailed monitoring of all pests will be crucial in order to
prevent additional crop losses caused by the “normal pests.”

Planning for a Seasonal Insect
Control Program
Since we cannot predict when BMSB will move into orchards
and how intensive feeding will be during the season, we
should prepare ourselves for a season-long monitoring and
management program. Also, the results of our early season
management activities will likely not minimize the pest
pressure in late summer and early fall. While BMSB can cause
fruit damage at any point during the season, maturing fruit
likely represent the most attractive source of nutrients for this
insect and, therefore, pest pressure may be the strongest as we
move into the late summer and early fall period.

Maintaining the Integrity of IPM in
Pennsylvania While Battling the
Brown Marmorated Stink Bug

Pennsylvania tree fruit growers have embraced the principles
of integrated pest management (IPM) since the late 1960s
and early 1970s. By one definition, IPM is the “utilization of
all suitable techniques and methods in as compatible manner
as possible and maintains the pest populations at levels
below those causing economic injury.” The goal of IPM is to
minimize the number and severity of perturbations in the
agroecosystem while reducing the economic, environmental,
and human health costs associated with the particular
management options(s).
Fruit growers in Pennsylvania are now faced with the
next major perturbation and challenge to their crops and
their IPM program—the invasion of the brown marmorated
stink bug. The near-term solutions for BMSB will involve
many different types of insecticides. Unfortunately, the most
effective insecticides for BMSB control belong primarily to
the chemistries of the synthetic pyrethroids, the carbamate
group methomyl, and a couple of the neonicotinoids.
Pyrethroids and methomyl are considered broad-spectrum
insecticides that are highly toxic to many, if not all, of the
natural enemies found in tree fruits. Because of this toxicity
to natural enemies, in the past we have only recommended
the pyrethroids before bloom on apple to minimize their
toxicity. Growers who have used these products post bloom
on apples in the past have seen many flare-ups from European
red mites, woolly apple aphids, San Jose scale, and so forth.
Given the seriousness of the BMSB situation, and
that the most effective products for BMSB control are
methomyl, pyrethroids, and some of the neonicotinoid
products (e.g., Actara), how can growers successfully
control BMSB and not completely destroy all natural
enemies and the integrity of the IPM program in
Pennsylvania? Growers will need to understand and
employ all of the tactics used in applying the principles
of ecological selectivity to this group of broad-spectrum
insecticides. Listed below are some tactics growers can use
Part II. Diseases, Disorders, Pests, and Natural Enemies
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to minimize the toxicity these products to natural enemies
while still controlling BMSB.

Selecting an Insecticide
All insecticides are not equal in their toxicity to natural
enemies. When selecting an effective product for BMSB
control, always refer to Table 4-4 in this guide and determine
its toxicity for the various natural enemies that may also be
present. Choose the product that is the least harmful to the
natural enemies.

Insecticide Timing
Proper timing is often the most effective and economical
method of achieving differential insecticide selectivity for the
pest/natural enemy complex. Only apply a highly effective
insecticide for BMSB when they are in your orchards;
therefore, growers must be very, very vigilant to monitor their
blocks and surroundings and only apply these highly toxic
insecticides when BMSB is present and a threat to their crops.

Dosage
The toxicity of any chemical compound is directly related to its
dose. When using one of these broad-spectrum insecticides for
BMSB control, always apply the lowest effective dose possible.
Not only will the lowest dose likely conserve some of the
natural enemies, but it will also save you some money.

Application Techniques and Methods
The only purpose in applying an insecticide is to kill the
intended pest(s). Many growers in Pennsylvania have used the
alternate row middle (ARM) technique of spraying to apply
pesticides to their crops for over 40 years. We know from many
years of research that this technique will provide effective pest
control if done properly, but at the same time will allow for
the survival of many natural enemies. Given the likelihood
that the most effective control of BMSB will occur through the
direct contact of the insecticide to this pest, the ARM method
of spraying may be the best method to apply these broadspectrum insecticides. By integrating low rates and frequent
applications of insecticides (i.e., the original idea behind
using the ARM method), better control of BMSB will likely be
achieved while causing less harm to natural enemies.

Selective Placement
Restricting an insecticide to a specific part of the tree or
location within an orchard is another method to minimize
the impact of toxic insecticides to natural enemies. Since
BMSB is highly likely to move into orchards from the outside
(e.g., woods, neighboring crops [soybeans, corn, vegetables,
etc.], buildings), restricting the application of these broadspectrum insecticides to border rows, etc., will likely conserve
many natural enemies.
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The brown marmorated stink bug is here and most likely
will be an important and serious threat to our fruit system for
a long time. Over time, we will learn how to manage this pest
more effectively. New tools such as insect behavior modifying
materials (e.g., a sex pheromone, an attractant, repellent, or
deterrent) will likely be required to successfully control and
minimize the threat from this pest. In the meantime, with
the knowledge we have and the tools that are available, we
need to try to “outsmart” this pest in order to continue to
produce the best quality fruits. This exotic pest requires new
management approaches, but until we can field test some of
our BMSB management hypotheses, these ideas will remain
just “concepts” that may prove attractive in theory but difficult
or even impractical to implement.
Overcoming the challenges of effective and sustainable
BMSB control will not be an easy task in the near term. Much
research needs to be done in order for us to develop the most
effective management program for the long-term control of this
pest. In the meantime, however, we also encourage growers to
not lose sight of our current IPM program in Pennsylvania. We
have achieved so much over the years and we have learned how
to deal with those pest perturbations that seem to always occur.
If we are not careful in how we manage BMSB, we may be causing many future pest problems for our industry by destroying
the natural enemies that help us keep many of the other pests of
tree fruits in balance.
Current and new updates and recommendations are being
posted weekly during the season at the Penn State Fruit Research
and Extension Center website (https://agsci.psu.edu/frec).

Photos of Diseases, Disorders, and Insect and Mite Pests
Diseases and Disorders

2,4-D damage

Alternaria leaf blotch

Alternaria fruit rot on apple

Rob Crassweller

Keith Yoder

Johanny Castro

Alternaria fruit rot on cherry

Anthracnose on peach fruit

Apple scab on leaves

Kari Peter

John Hartman, University of Kentucky, Bugwood.org

Kari Peter

Apple scab on fruit

Apple union necrosis

Bacterial canker on a cherry limb

Kari Peter

John Halbrendt

Kari Peter

Part II. Diseases, Disorders, Pests, and Natural Enemies

| 221

environment due to both UV rays from the sun and rainfall,
thus spray intervals should not be stretched for more than
seven to nine days; and (3) the feeding larva causes some
injury to the fruit, commonly referred to as a “sting”—injury
less than 1 to 2 millimeters in depth—before the virus
eventually kills the larva.

Timing

Since CpGV is most active against young larvae and
these larvae usually penetrate the fruit within 24 hours of
hatching from the egg, it is very important to have the virus
present when egg hatch begins (approximately 200 to 250
degree days [DD] following biofix—first sustained adult
capture in a sex pheromone trap). If CpGV is intended as
the primary control tactic for CM, then the first application
should be timed to coincide with the beginning of egg
hatch (Figure 3-3A). Depending on the length of the egg
hatch period, normally a total of three to five applications
each spaced about seven days apart will be necessary to
cover this time frame. Recently, in some apple orchards
in Pennsylvania, we have observed the egg hatch period
for CM to extend over a longer period of time than what
is normally predicted by the CM developmental model.
Under these conditions, it may be prudent to apply an
insecticide with ovicidal activity (e.g., against the eggs,
Esteem, Intrepid, or Rimon) at approximately 75 to 150
DD, then start the CpGV applications at about 300 to 350
DD, and repeat the applications every seven to nine days
or approximately every 125 to 150 DD following this initial
application (Figure 3-3B). Since the virus rapidly breaks
down in the orchard environment, it is our experience that
frequent applications of a lower rate are better than high
rates applied at longer spray intervals.
As stated above, the CpGV must replicate itself within
the larva in order to be effective, thus allowing the larva to
continue to feed for a few days and causing some shallow
feeding damage (“stings”) to a fruit. If growers are trying
to decide when to use a CpGV product, they may want to
restrict their use of a CpGV product to the first generation.
If stings or even some deep entries do occur in the small
fruits during June from the first-generation larvae, those fruit
often fall from the tree or can be thinned off. In addition,
at this time of the season, the fruit on the tree are still small
and canopy volume is still not complete, thus allowing more
thorough coverage of the fruit.
CpGV products are compatible with most fungicides
and insecticides sprayed on apples. However, since CpGV
is sensitive to high alkaline conditions, it should not be
mixed with copper fungicides or lime sulfur. In addition, it is
recommended to use a buffer to neutralize the spray mix if the
pH is above 9 or below 5. Also, Dr. Larry Gut, entomologist
at Michigan State University, has cautioned Michigan growers
to avoid tank-mixing CpGV with neonicotinoid insecticides,
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such as Assail, since these compounds have some anti-feeding
activity, which may interfere with the larva ingesting the virus.
Since UV light can rapidly break down the virus
particles, it is also recommended that growers avoid applying
the virus during periods of intense sunlight conditions. Also,
if rain is forecast in the immediate future, try to wait until
after the rain period to make the application.
Many growers in Pennsylvania commonly make their
pesticide applications using the alternate row middle (ARM)
method of spraying. We have used CpGV successfully with
ARM sprays, but the studies have always been conducted
with sex pheromone mating disruption for CM as a basic
component of the program. Thus, here are recommendations
for applying CpGV using the ARM approach:
• Since the virus must be consumed, thorough coverage is
critical. Thus, ARM sprays must provide some coverage
on the unsprayed side of the trees.
• Depending on the size of the tree, water volumes of at
least 50 (trees 6 to 10 feet in height) to 100 GPA (trees
larger than 10 feet in height) should be used.
• Dependent on pest pressure and weather conditions,
ARM intervals should not stretch beyond five to seven
days between sprays.
• This method of applying CpGV should only be used in
conjunction with some form of CM mating disruption.
• Recommended use options for CpGV products within
Pennsylvania apple orchards:
• Make the first application at the beginning of egg hatch
(i.e., approximately 200 to 250 DD after biofix) (see
Figure 3-3A).
~OR~
• Use an ovicidal insecticide at approximately 75 to 150
DD, then begin virus applications at roughly 300 to 350
DD (see Figure 3-3B).
~AND~
• Repeat applications every seven days or roughly every
125 to 150 DD.
• Use a higher rate of CpGV for the first application.
• Repeat applications at lower rates for subsequent
applications.
• Make three to five applications for the first brood
depending on the length of the adult flight and egg hatch
period.
• Use primarily for first-brood CM control.
• For more effective control, combine with CM mating
disruption, especially where CM populations are high
and/or fruit injury from CM was present last season.

Figure 3-3. Various scenarios for applying a CpGV product for codling moth control.
(A) timing when using a CpGV product and CM mating disruption.
(B) timing of CpGV applications when using an ovicidal insecticide to begin control of first-brood CM, followed by a CpGV product.

Resistance Management
Approach for Insecticides/
Miticides in Tree Fruits

The best resistance management tool for secondary pests that
do not feed directly on the fruit (mites, aphids, leafminers,
scales, etc.) is often to encourage biological control by
predators, parasitoids, and pathogens. This not only reduces
selection pressure by reducing the number of sprays for that
pest, but biocontrol agents can reduce resistance levels by
indiscriminately feeding on both resistant and susceptible
prey. For pests feeding directly on the fruit and for which there
is almost no tolerance for fruit injury, pesticides will likely
remain the best means of control. Fruit growers throughout
Pennsylvania now have at their disposal some highly effective

and selective chemical tools to assist them in their battle against
codling moth (CM), Oriental fruit moth (OFM), and the
leafroller complex, which includes the tufted apple bud moth
(TABM) and obliquebanded leafroller (OBLR). Both CM and
OFM have caused serious problems for many growers over the
past 10 to 15 years, resulting in the rejection of many loads of
fruit destined for both the fresh and processing markets. The
leafrollers have been serious pests since the early 1970s. All
four of these pests have developed varying levels of resistance
to a number of insecticidal chemistries over the years,
including the organophosphates, carbamates, and pyrethroids.
Additionally, spider mites and pear psylla have outstripped
all other fruit pests in their ability to develop resistance to
pesticides of multiple classes in only a few short years and
deserve special consideration for resistance management. With
the introduction of more than thirty new insecticides/miticide
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Table 4-1. Tree fruit herbicide registration, tree age restrictions, days-to-harvest limitations, and safe worker reentry
intervals by crop.
HERBICIDE REGISTRATION
Herbicide

Apples Apricot

Cherry,
tart

Cherry,
sweet

Nectarine

Peach

Pear

Plum

Prune

2,4-D (amine formulations)

X

X

X

X

X

X

X

X

X

Alion

X

X

X

X

X

X

X

X

X

X

X

X

X

X
X

Broadworks

X
X

X

X

X

X

Casoron

X

Centrus

X

clethodim

X

clopyralid

X

diuron

X

X

diuron + Sinbar

X

X

flumioxazin

X

X

X

fluoxypyr

X

X

X

Fusilade

X

X

X

X

X

X

X

X

X

glufosinatea

X

X

X

X

X

X

X

X

X

X

glyphosate

X

X

X

X

X

X

X

X

X

X

halosulfuron

X

isoxaben

X

X

X

X

X

X

X

X

X

Motif

X

X

X

X

X

X

X

X

X

oryzalin

X

X

X

X

X

X

X

X

X

oxyfluorfen

X

X

X

X

X

X

X

X

X

paraquat

X

X

X

X

X

X

X

X

X

pelargonic acid

X

X

X

X

X

X

X

X

X

pendimethalin

X

X

X

X

X

X

X

X

X

Poast

X

X

X

X

X

X

X

X

X

pronamide

X

X

X

X

X

X

X

X

X

Prowl H2O

X

X

X

X

X

X

X

X

X

rimsulfuron

X

X

X

X

X

X

X

X

X

simazine

X

X

X

X

X

X

X

X

Sinbar

X

Snapshot

X

X

X

X

X

X

X

X

X

Solicam

X

X

X

X

X

X

X

X

X

Treevix

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Zeus Prime XC

X

X

X
X

X

X
X
X
X

X

X

X
X

Venue

X

X

carfentrazone-ethyl

trifluralin

X

Quince

X
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X

X

X

X

Table 4-1. Tree fruit herbicide registration, tree age restrictions, days-to-harvest limitations, and safe worker reentry
intervals by crop. (continued)
TREE AGE RESTRICTIONS (EARLIEST AGE MATERIAL CAN BE APPLIED)
Herbicide

Apples Apricot

Cherry,
tart

Cherry,
sweet

Nectarine

Peach

Pear

Plum

Prune

2,4-D (amine formulations)

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

Alion

3 years

3 years

3 years

3 years

3 years

3 years

3 years

3 years

3 years

1 year

1 year

P

P

P

3 years

3 years

3 years
P

Broadworks
carfentrazone-ethyl

1 year
P

b

Casoron

4 wks or
1 yearc

Centrus

3 years

P

3 years

P

P

4 wks or
1 yearc

4 wks to
1 yearc

3 years

3 years

P

P

P
4 wks
or 1
yearc

3 years

3 years

3 years
P

clethodim

P

P

P

P

P

P

clopyralid

1 year

1 year

1 year

1 year

1 year

1 year

diuron

1 year

3 years

1 year

diuron + Sinbar

2 years

2 years

3 years

flumioxazin

1 year

1 year

1 year

1 year

1 year

1 year

1 year

fluoxypyr

P

P

1 year

1 year

1 year

1 year

4 years

Fusilade

Quince

1 year
4 years

P

P

P

P

P

P

P

P

P

glufosinate

2 years

2 years

2 years

2 years

2 years

2 years

2 years

2 years

2 years

2 years

glyphosate

2 years

2 years

2 years

2 years

2 years

2 years

2 years

2 years

2 years

2 years

halosulfuron

1 year
P

P

P

P

P

P

P

P

P

a

isoxaben
Motif

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

oryzalin

P

P

P

P

P

P

P

P

P

oxyfluorfen

P

P

P

P

P

P

P

P

P

paraquat

P

P

P

P

P

P

P

P

P

pelargonic acid

P

P

P

P

P

P

P

P

P

pendimethalin

P

P

P

P

P

P

P

P

P

Poast

P

P

P

P

P

P

P

P

P

pronamide

6 or 12
months

6 or 12
months

6 or 12
months

6 or 12
months

6 or 12
months

6 or 12
months

6 or 12
months

6 or 12
months

6 or 12
months

Prowl H2O

P

P

P

P

P

P

P

P

P

rimsulfuron

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

1 year

simazine

1 year

1 year

3 years

3 years

3 years

1 year

3 years

Sinbar

3 years
P

P

P

P

P

P

P

P

P

Solicam

P

12
months

18
months

18
months

6
months

6
months

12
months

12
months

12
months

Treevix

1 year
1 year

Zeus Prime XC

3 years

P
P

1 year

1 year
P

Venue

P

3 years

Snapshot

trifluralin

1 year

1 year

1 year

1 year

P

P

1 year

1 year

1 year

P

P

1 year

1 year

1 year
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Pesticide recommendations for pears, green cluster bud.
FRAC Group

Pesticide

Recommended
Rate Per Acre

U12

Syllit FL

3 pt

1

Topsin M WSB

1 lb

PLUS one of the following:
Pesticide

Recommended
Rate Per Acre

M3

Ferbam 76 WDG

4 lb

M3

Penncozeb 75DF*

3 lb

M3

Ziram 76DF

3 lb

FRAC Group

OR select one of the following to be applied alone:
FRAC Group

Pesticide

Recommended
Rate Per Acre

M3

Penncozeb 75DF*

6 lb

M3

Ziram 76DF

6 lb

N/A

Dormant oil

2–3 gal

PLUS one or more of the following based on the insect pest
complex requiring control1:

Pears—White Bud, Popcorn Stage
Diseases
Leaf and fruit spot, scab.

Insects
Pear midge, pear psylla, plant bug, stink bug. Avoid killing bees
on opening blossoms and cover crops; watch insecticides that are
toxic to bees (refer to pesticide label). See Table 1-9 for pesticide
impacts on bees. Wild pollinators can be especially useful in pear
pollination since honey bees avoid the low-sugar nectar in pears,
but wild species of bees will readily utilize its pollen. They are
more efficient pollinators of pears than the honey bee. They, and
especially the mason bee, Osmia cornifrons, can give better seed
set, which can result in bigger and better shaped fruit, which are
critical for marketing Asian pears.
Pesticide recommendations for pears, white bud,
popcorn stages.
CHOOSE one of the following:

IRAC Group

Pesticide

Recommended
Rate Per Acre

4A

Actara 25WP2

5.5 oz

FRAC Group

Pesticide

Recommended
Rate Per Acre

3A

Asana XL 0.66EC3

9–12 fl oz

U12

Syllit FLa

3 pt

3A

Baythroid 2E3

2.8 fl oz

1

Topsin M WSBb

1 lb

21A

Bexar

27 fl oz

3

Cevya

4–5 fl oz

3A

Danitol 2.4EC3

16–21.3 fl oz

3

Procure 480SCb

8–16 oz

3A and 4A

Endigo ZC3

6 fl oz

3

Rhymeb

4–6.5 fl oz

7C

Esteem 35WP4

4–5 oz

3

Trionic 4SCb

8–16 fl oz

3A

Mustang Max3

2–4 fl oz

3+9

Inspire Superb

12 fl oz

3A

Permethrin 2EC3

18 fl oz

3A

Permethrin 3.2EC3

12 fl oz

3A

Permethrin 25WP3

3A

Proaxis3

N/A

Surround WP

25–50 lb

7

b

Aprovia

5.5–7 fl oz

7

Fontelisb

14–20 fl oz

1.2 lb

7

Kenjab

12.5 fl oz

2.5–5.1 fl oz

7

Miravisb

3.4 fl oz

9

Scala SCb

7–10 fl oz

9

Vangard WGb

5 oz

11

Flint Extrab

2.9 fl oz

11

Sovranb

4–6.4 oz

FRAC Group

Pesticide

Recommended
Rate Per Acre

M3

Ferbam 76WDGc

4 lb

M3

Penncozeb 75DF

3 lb

M3

Ziram 76DF

3 lb

3A
Warrior II
1.3–2.5 fl oz
Fungicide and Antibiotic Note
*Some equivalent products include Dithane, Koverall, and Manzate. Check the label
for rates.
Insecticide and Acaricide Notes
1
Insecticides should be selected and combined according to their efficacy against
individual pests (see Table 4-10).
2
Do not make more than one application prebloom; do not apply after green cluster
stage and before complete petal fall. After an Actara application, wait at least five days
before placing bee hives in the treated area.
3
Pyrethroid resistance is present in some areas of Pennsylvania. Limit prebloom
applications of pyrethroids to two applications.
4
Only two applications permitted between swollen bud and petal fall. Thorough
coverage is required.
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b

PLUS one of the following:

d

OR one of the following to be applied alone:
FRAC Group

Pesticide

Recommended
Rate Per Acre

M3

Penncozeb 75DFd

6 lb

M3

Ziram 76DF

6 lb

7 + 11

Merivon

4–5.5 fl oz

7 + 11

Luna Sensationb

4–5.8 fl zo

7 + 11

Pristineb

14.5–18.5 oz

b

PLUS one or more of the following based on the insect pest
complex requiring control1:
IRAC Group

Pesticide

Recommended
Rate Per Acre

3A

Asana XL 0.66EC2

12 fl oz

4A

Assail 30SG

8 oz

3A

Baythroid 2E2

2.8 fl oz

3A

Danitol 2.4EC2

16–21.3 fl oz

7C

Esteem 35WP

4–5 oz

3A

Mustang Max

2–4 fl oz

3A

Permethrin 3.2EC2

12 fl oz

3A

Permethrin 25WP2

1.2 lb

3A

Proaxis2

2.5–5.1 fl oz

1A

Vydate 2L

2–8 pt

2

3A
Warrior II
1.3–2.5 fl oz
Fungicide and Antibiotic Notes
a
Do not use Syllit FL past white bud stage.
b
To improve their efficacy and prevent or delay buildup of resistant strains of the
fungus causing pear scab, these fungicides will require a selected use strategy due to
concern about resistance development. These fungicides have benefits for early and
summer season disease management; however, they should be tank-mixed with a
protectant, rotated with another fungicide with a different FRAC code for target disease,
and not be used in more than two consecutive sprays. Refer to the label and do not
exceed maximum number of applications per season.
c
Late season applications may result in unsightly residues. Do not apply within seven
days of harvest.
d
Some equivalent products are Dithane, Koverall, and Manzate. Check label for rates.
Insecticide and Acaricide Notes
1
Insecticides should be selected and combined according to their efficacy against
individual pests (see Table 4-10).
2
Pyrethroid resistance is present in some areas of Pennsylvania. Limit prebloom
applications of pyrethroids to two applications.

Pears—Bloom
Diseases
For disease control, use the same materials as recommended
in white bud, popcorn stages.

Fire Blight
Conditions favorable for infection include (1) open blossoms
or succulent new growth, (2) an average daily temperature
of 60°F or higher, plus (3) rainfall or a relative humidity of
60 percent or higher. Apply first streptomycin spray any time
after first blossoms open when above conditions exist or are
expected within 24 hours. Streptomycin remains effective
for three to five days; however, additional blossoms can open
during this time period and are vulnerable if not protected
and disease conditions are present. Repeat sprays at five- to
seven-day intervals through late bloom. A minimum of two
applications is necessary to provide control.
Use streptomycin formulations at label rates plus 1 pint of
Regulaid in each 100 gallons of spray. Streptomycin formulations
are much more effective when applied during slow-drying
conditions such as at night. Regulaid (or similar adjuvant)

is important for uptake; however, the increased uptake of
streptomycin can result in yellowing around leaf edges. Refer to
Part II for more information on fire blight management.

Leaf Spot, Fruit Spot, and Scab
Do not go over 10 days between fungicide sprays during the
bloom period. In wet weather, shorten the period to five days.
Use the same fungicides as in the white bud spray.

Pears—Petal Fall, First through
Fifth Covers
Diseases
Fruit rots, leaf and fruit spot, scab, sooty blotch.

Sooty Mold
Control is based on control of aphids and pear psylla. Note:
Apply the first cover spray 10 days after petal fall and the
remaining cover sprays at 14-day intervals.

Insects
Codling moth, leafrollers, mites, Oriental fruit moth, pear
psylla, plum curculio, plant bugs.

Pear Psylla
Where psylla persist or increase, shorten the interval between
two successive cover sprays to five to seven days. Imidan
and Lannate are not effective in controlling psylla. Note: The
insecticide rates suggested below are rates needed for pear psylla
control. If psylla is not a problem, reduce rates by 25 percent.
Pesticide recommendations for pears, petal fall, first
through fifth covers.
CHOOSE one of the following:
Recommended
Rate Per Acre

FRAC Group

Pesticide

1

Topsin M WSBa

1 lb

3

Cevyaa

4–5 fl oz

3

Procure 480SCa

8–16 oz

3

Rhymea

4–6.5 fl oz

3

Trionic 4SCa

8-16 fl oz

3+9

Inspire Supera

12 fl oz

7

a

Aprovia

5.5–7 fl oz

7

Fontelisa

16–20 fl oz

7

Kenja 400SCa

12.5 fl oz

7

Miravis

3.4 fl oz

9

Scala SCa

7–10 fl oz

9

Vangard WGa

5 oz

11

Flint Extraa

2–2.5 oz

11

Sovrana

4–6.4 oz

a
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An immature fruit has white lenticels that become brown and
shallow. The brown color in lenticels is a good indicator that
the fruit will ripen without shriveling.

Other Methods
Amount of soluble solids is often not a good indicator of
maturity in traditional varieties because of the need to harvest
the fruit before it is ripe. A minimum of 11 percent for Bartlett
and of 10 percent for all other varieties is recommended, except
in Asian pears, where 12 percent is recommended.
Measuring the amount of starch in fruit is a “new”
technique that has worked very well for apples but only
with limited success for pears. As the fruit matures, starch
is converted to sugars. Reports from the Pacific Northwest
indicate that that the starch iodine test may be a reliable
indicator and that fruit should be harvested when 60 percent
of the cut fruit surface still contains starch.

Harvesting Fruit
Bruising in Fruit

Fresh-market fruit growers have long been concerned about
bruising. Processing-fruit growers also have grown concerned, because unbruised fruit commands the best prices.
The vast majority of bruising in the harvest process falls into
two categories: (1) picking bruises associated with rough
handling and detrimental impacts, and (2) compression bruises
associated with significant vibrations during transport.
Bruising is an ever-present problem. One study showed
that bruising of fruit after harvest ranged from 0.6 to 13
percent, with an average of 7.1 percent. A study conducted of
packing sheds indicated that bruising caused 8.1 percent of
the culls, while another study found bruising to cause only 2.7
percent of the culls. At the retail level in supermarkets, bruising
was found to range from 29 to 78 percent, averaging 61 percent.
While bruising is a concern, it must be regarded as a
defect that can be controlled through basic management
principles. We encourage growers to determine the quality
of the product being produced and to determine the dollar
value of defects in the product. Good management practices
then dictate that production steps be modified if the cost
of correcting the problem is less than the cost incurred by
defects in the product.
Damage inflicted on fruit is related to the energy
available for bruising and the characteristics of the product.
The energy available for bruising is in turn related to:
1. The suspension characteristics of the vehicle
transporting the fruit
2. The energy input to the system (a function of roughness
of the road and vehicle speed)
3. A third engineering factor involving both the properties
and the packaging of fruit
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The damage suffered by fruit is dependent on the number
of individual shocks and their severity, and is directly related
to the energy absorbed by the fruit.
We may think we cannot change the characteristics of
the products we deal with, but this is not entirely so. Packers
of Golden Delicious have learned that packing apples
directly on removal from storage may produce more bruised
fruit than if fruit is packed after being held at a relatively low
humidity for a few days to create an outer layer of bruiseresistant cells. Reducing the amount of bruising in fruit
appears to be attainable by reducing the amount of energy
that fruit receives in handling.
In practical terms, bruising can occur during any of
six operations in which fruit is removed from the tree
and moved into storage. In several Pennsylvania harvest
operations, some of these steps may be combined, but they
are discussed here individually to show the complexity of an
efficient, high-volume harvest operation. Listed below are
seven locations of fruit and the six steps involved in moving
the fruit from tree to storage:
Fruit Location

Fruit-Handling Operation

Fruit on the tree

Step 1. Harvesting

Fruit in the bins

Step 2. Moving bins out of the orchard

Bins at the edge of the orchard

Step 3. Moving bins to loading area

Bins in loading area

Step 4. Loading bins on truck

Bins on truck in loading area

Step 5. Trucking bins to storage

Bins on truck at storage

Step 6. Forklift hauling bins to storage

Bins in storage

The harvest season is a hectic time of year, but we
strongly recommend that growers educate employees in the
proper method of performing assigned tasks.
Proper harvesting involves the following:
• Wearing proper clothing and a hat.
• Adjusting the bucket. Picking buckets with rigid sides
and of a reasonable size is recommended.
• Checking all ladders before using.
• Carefully setting ladders and setting them at the proper angle.
• Keeping your body centered on the ladder.
• Handling fruit like eggs.
• For apples, using stem-on picking methods.
• Getting your hands in the bucket to prevent bruising.
• Picking a tree from the bottom up.
• Releasing fruit carefully and slowly into the bulk bin.
• Reporting all accidents to the grower.
In Step 1, we suggest that growers offer incentives to
pickers who pick properly and that growers give disincentives
or penalties to those who cause more bruising than the set limit.
Offering both rewards and penalties does more to encourage
pickers to harvest fruit properly than if either penalties or
rewards are used alone. In addition, we recommend the use of an

active supervision system for picking crews.
Major bruise-reducing practices in Washington State
include the use of three-legged aluminum stepladders. Growers
do not allow pickers to set straight ladders into trees because
they find the resulting damage (bruising and dropped fruits)
unacceptable. Another practice is to use bubble liners in bins
to absorb energy and vibrations for cultivars such as Golden
Delicious and other high-value crops, such as bagged Fuji.
Step 2 involves moving the fruit within the orchard to
the end of the rows. This operation is performed by tractors.
In Washington State growers prefer the use of low-profile
orchard tractors with wide tires. These tires act like springs
and can intercept energy to prevent it from transferring to
fruit in a bin.
Most Pennsylvania orchard tractors, in contrast, have 12or 16-inch-wide tires on 24- or 28-inch-diameter rims. These
tires are normally inflated to be fairly hard and can therefore
transmit more energy to the fruit in a bin as the tractor moves
over rough terrain. We recommend using tractors equipped
with 18.4 by 16.1 orchard tires.
Step 3 involves moving fruit from the edge of the orchard
to a loading area. If the haul distance is short it may be
desirable to combine this step with Step 2. Special straddle
vehicles or four-bin trailers may be useful. In some areas the
trailers are operated in reverse and are attached to the front
of the tractors. Using a multibin conveyance system may be
more efficient than hauling bins singly on tractors. To lessen
bruising, all orchard roads should be as smooth as possible to
reduce the energy transferred to fruit during transport. Most
loading areas should be smooth and paved, if possible, or at
the very least covered with gravel. Muddy loading areas add
a significant risk of spreading spores and soil-borne decay
organisms. Organic material and dirt caught in bin runners
can defeat sanitation procedures used at the warehouse in
storing and packing fruit.
Step 4 is loading straight trucks or tractor-trailers for
further bin movement. When this operation is performed on
paved surfaces, using conventional rubber-tired forklifts may
maximize efficiency and may be necessary for handling large
volumes of fruit.
Step 5 is trucking the fruit from orchard to storage.
Drivers should be instructed to follow the smoothest roads
and to travel at reasonable speeds, especially over rough
roads. Special trailers with “air-cushioned rides” will absorb
more road shock than conventional trailers.
The final step, Step 6, is moving the fruit from the trailer
to the storage itself. In this phase, loading areas should be as
smooth as possible and shock-absorbing forklifts should be
used, especially on rough loading areas.
Bruising may be viewed as a profit-reducing
phenomenon and a manageable problem. Bruise-producing
operations can be corrected for less money than the reduction
in profit caused by the bruising. Remember, bruising is

usually caused by only a few procedures. Growers may
want to evaluate their present practices in view of the ideas
presented here.

Excessive Heat and Worker Safety

A combination of very high temperatures (significantly above
normal) and a higher-than-normal humidity can severely
reduce the body’s ability to maintain a proper internal
temperature. Prolonged exposure to these conditions can lead
to heat cramps, heat exhaustion, and heat stroke. For some,
especially the old and infirm, it can lead to death.
The heat index (HI), also referred to as the “apparent
temperature,” is a measure of how humidity acts along with
high temperatures to reduce the body’s ability to cool itself.
The HI is the temperature (in degrees) the body senses,
based on normal humidity levels. For example, if the actual
temperature is 100°F with 40 percent relative humidity, the
effect of these conditions on the body is the same as 110°F with
normal humidity (about 20 percent). The basic assumption in
computing HI is that the person is in the shade, at sea level,
with a wind speed of 6 mph. Exposure to full sunshine can
increase the HI about 5 to 15°F. Various wind speeds can also
alter the HI but usually have small effect.
The following table shows heat index, or apparent
temperature, based on current air temperature and relative
humidity.
Air
10%
Temp (°F) RH

20%
RH

30%
RH

40%
RH

50%
RH

60%
RH

70%
RH

105

100

105

113

123

135

149

—

100

95

99

104

110

120

132

144

95

90

93

96

101

107

114

124

90

85

87

90

93

96

100

106

85

80

82

84

86

88

90

93

80

75

77

78

79

81

82

85

75

70

72

73

74

75

76

77

70

65

66

67

68

69

70

70

To use this table find the current air temperature in the
left-hand column; follow that row across until you reach the
appropriate relative humidity column. The number you find
there is the heat index (HI), or apparent temperature.
The degree of heat stress may vary with age, health,
and body characteristics. Listed below are some heat stress
symptoms associated with several apparent temperatures.
Symptoms of heat stress include a feeling of weakness,
fatigue, giddiness, and nausea. Headaches and cramps are
also signs of heat stress. Symptoms of heat stroke include
mental confusion, loss of consciousness, convulsions, body
temperatures of 106°F or higher, loss of coordination, and
hot, dry skin that may be red, mottled, or bluish.
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Table 7-3. Primary flavor characteristics of Pennsylvania apple cultivars.
Group I
Relatively Acid
or Tart (S/A < 20)*

Group II
Balanced Flavor, Sweet
and Tart (S/A 20 to 40)

Group III
Relatively Sweet
(S/A > 40)

Granny Smith
Idared
Jonathan
Northern Spy
R.I. Greening
Stayman Wealthy
Winesap

Baldwin
Cortland
Golden Delicious
Empire
Gravenstein
Mutsu
McIntosh
Rome Beauty
Spartan
York Imperial
Braeburn
*Ratio of sugar to acid (S/A) is less than 20 (< 20).

Red Delicious
Grimes Golden
Fuji
Gala

Group V
Very Astringent;
High in Tannins

Group IV
Very Aromatic
Cortland
Golden Delicious
Empire
Gravenstein
Jonagold
Macoun
McIntosh
Wealthy
Winter Banana

Crabapples
Immature apples

Table 7-4. Possible cider blends and their flavor characteristics.
Production and
Storage Methods
Using freshly harvested firm to
ripe apples

Using firm to ripe apples stored
2 to 4 months

Possible
Blends

Group I*

Group II*

Group III*

Group IV*

GroupV*

Dominant
Flavor
Characteristics

A

15%

45–50%

15%

20%

0–5%

Balanced

B

10%

40%

10%

40%

0%

Very aromatic

C

30–35%

45–50%

0%

20%

0%

Very acid or tart

D

0%

45–50%

30–35%

20%

0%

Very sweet

A

15%

45–50%

15%

20%

0–5%

Flat but sweet

E

25–30%

35–45%

0%

30%

0–5%

Balanced

F

45–50%

15–25%

0%

30%

0–5%

Tart

*From groups in Table 7-3.

the chopper should be equipped with a stainless steel bin large
enough to store the volume of chopped apples needed for a
single filling cycle of a batch pressing system.

Press Aids

Using a press aid may increase the yield of cider from some
presses by 10 percent or more. Usually, the value of the
additional cider more than offsets the added cost of using a
press aid. Approved press aids include sterilized wood pulp
and rice hulls, normally used at a rate of 2 to 6 percent by
weight, or bleached kraft fiber used at a rate of 1 to 3 percent.
The press aid should be added at a uniform rate with a
vibrating feeder into the chopper, where the aid is mixed as
apples are chopped.

Pressing Systems

The juice in apples is contained in fleshy cells. In making
traditional cider, a system with hydraulic, roller, or pneumatic
pressure is used to rupture and compress the cells until the
recoverable juice is separated from cellular solids called
pomace. Available pressing systems for making cider include
a vertical hydraulic rack, frame, and cloth press; a horizontal
hydraulic rack and cloth-bag press; a continuous belt press;
and a pneumatic press.
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The least expensive pressing system is a hydraulic rack,
frame, and cloth press. Available models have pressing
capacities ranging from 30 to 300 gallons per hour. The press
is designed with a hydraulic ram for pressing a vertical stack
of folded mesh cloths separated with racks. Each cloth is first
placed over a standard-size frame and uniformly filled with
ground apples to a depth of 2 to 3 inches. The cloth is folded
to enclose the pulp. The frame is removed, and a slotted
plastic rack is placed over the folded cloth. Each filled cloth
is sometimes called a cheese. This process is repeated until a
full vertical stack of cheeses is ready for pressing. The stack
is then positioned over the ram and pressed hydraulically
in two stages for 20 to 30 minutes. The first lower pressure
stage of the pressing cycle ruptures the cells and produce
free-run juice. By gradually increasing the pressure, most
of the remaining juice is obtained. During the first pressing
stage, the extracted juice flows through a continuous web of
tiny channels to the surface of the pomace. However, unless
a press aid is used with mature apples, these natural channels
may collapse during the second stage and reduce the potential
cider yield by the portion of juice trapped within the pomace.
Press aids are fibrous materials designed to maintain the
flow of juice to the surface of pomace throughout the pressing
cycle. Compared to other presses, the batch-operated rack,
frame, and cloth press is inefficient and has the highest labor

cost for operating, cleaning, and maintaining the press. Yields
may be similar to those from other presses if the particle size,
use of a press aid, and fill of the cheeses are managed optimally.
In terms of quality, the difficulty of cleaning and sanitizing an
older press with wood surfaces increases the risk that the cider
will have a higher initial microbial population and a shorter
shelf life. Usually, the flavor is best from pressing systems
that produce a low yield of juice. However, only the last 3 to 5
percent of the juice squeezed with a high-yielding press system
is lower in flavor quality when tasted separately.
A popular semiautomatic rack and bag horizontal press
offers improved operational efficiency. Available models have
pressing capacities of 150 to 1,000 gallons per hour. This
horizontal hydraulic press has two accordion-like sets of
easy-to-use racks and filter bags held in a vertical position.
A slurry of fresh apple pulp, without a press aid, is pumped
from a grater hopper to fill the opened bags. One set of filled
bags is compressed to remove juice while a second set of
bags is alternately unloaded and refilled with fresh pulp. The
press may be operated by a single person. Because the juice
produced is low in suspended solids, the need for filtering is
minimized. This press is very efficient to operate, and both
juice quality and yield are high.
All current belt presses used to extract juice from fruits
are continuous, labor efficient, and known to produce a very
good yield of juice. Belt systems have pressing capacities of 40
to more than 1,000 gallons of cider per hour. With or without
a press aid, pulp is fed continuously onto a mesh belt, which is
then sealed by a converging belt moving at the same speed. The
sandwiched pair of belts move through a wedge zone and then
revolve around one or more solid or perforated drums, where
a series of stainless steel rollers apply progressively higher
pressures. Expressed juice flows through the mesh belt and is
channeled into a collection tank. After the pressing is completed, the twin belts are continuously separated to discharge the
pomace and then are refilled with prepared pulp. Both pressure
and speed are adjustable. The system is simple to operate, offers
good yields, and requires minimal labor.
The batch-operated pneumatic press is designed as a
horizontal cylinder with a strong inflatable rubber bag in
the center. The strong stainless steel exterior surface of the
cylinder is perforated to serve as a screen. A slurry of freshly
chopped pulp with press aid is pumped through a door
in the screen until the internal space between the bag and
screen is filled. The door is closed and the cylinder is rotated
while the bag is inflated with compressed air. Juice squeezed
from the pulp passes through the screen and is collected in a
tray under the cylinder. After a few minutes, the rotation is
stopped while the bag is deflated to allow repositioning of the
pomace and more efficient extraction of the remaining juice.
The process of rotating, inflating for a time, then releasing
the pressure to reposition the pulp is repeated three or four
times, or until the volume of juice obtained is insignificant.

The entire pressing cycle may be programmed to operate
automatically, making this a very labor-efficient press. Both
juice quality and yield are very good.

Screening/Filtering

Depending on the press used, freshly extracted juice may
contain some undesirable large particles of pulp. To remove these, the collected juice is passed through a screening
system. A screen may be a simple drum covered with a
stainless mesh cloth and mounted in a horizontal, but
slightly inclined, position. The drum is revolved slowly (2
to 5 rpm) as freshly pressed cider continuously and gently
flows onto the inside surface of the upper end of the drum.
The juice passes through the 80- to 150-mesh cloth, while the
undesirable particulates are continuously discharged at the
lower end of the drum. Screened cider is collected in a tray
under the drum. As an alternative, freshly pressed juice may
be bag filtered, bottled, and marketed. An electromagnetically
vibrated screen separator may not be as effective in removing
undesirable particulates. The juice is then chilled 12 to 24
hours before being bag filtered, bottled, and marketed.

Chilling and Cold Storage

To maximize the quality and shelf life of unpasteurized
cider, chill screened juice as quickly as possible to a 32 to
36°F temperature and hold in a refrigerated storage tank at
that temperature for 12 or more hours. During this period,
additional large particles of insolubles will develop and settle
to the bottom of the tank. Clear cider may then be drawn
by gravity or pumped from the tank at a location above the
sediment, bag filtered, bottled, and marketed.

Labeling Requirements
and Options

Product labels used for cider must provide information in a
standardized format.

Required Labeling Information
Food Name
Cider may be used as the product name on the label only if the
product is made solely from apples. If the cider is made from
two or more fruits, its food name must identify which fruits
were used in order of their dominance by weight. For example,
if the product is made of 60 percent fresh apple juice and 40
percent pear juice, the name would be Apple Pear Cider. If the
juice is made solely of pears, the name would be Pear Cider. If
the cider does not contain a preservative or is not pasteurized,
the product would be labeled Fresh Cider, but if it was heat
pasteurized, it must be labeled Pasteurized Cider.
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CLEAN DRINKING WATER THAT IS FREE OF
HARMFUL MICROORGANISMS SHOULD BE MADE
AVAILABLE TO WORKERS.
Contaminated drinking water may infect workers, who may
then contaminate apples during harvesting and handling.
ANY WORKER WHO HAS DIARRHEA, OR WHO IS
A CARRIER OF A COMMUNICABLE DISEASE THAT
CAN BE TRANSMITTED BY FOOD, SHOULD NOT BE
ALLOWED TO HARVEST OR HANDLE APPLES.
Supervisors and workers should be aware of the presence
of symptoms of infectious diseases or of skin boils, sores,
or infected wounds so that if symptoms are evident, the
supervisor can remove or reassign the worker.

V. Transportation
INSPECT TRUCKS AND TRANSPORT CONTAINERS
FOR CLEANLINESS, ODORS, AND OBVIOUS DIRT OR
DEBRIS BEFORE BEGINNING THE LOADING PROCESS.
Growers should be aware of previous loads carried in transport
vehicles and take this information into consideration when
determining vehicle use. Trucks that were recently used to
transport animals or animal products, for example, would
increase the risk of contaminating apples if the trucks were not
thoroughly cleaned and sanitized before loading.
LOAD APPLES INTO TRUCKS OR TRANSPORT CARTONS
IN A MANNER THAT WILL MINIMIZE DAMAGE.
Heavily bruised, punctured, or decaying apples may provide
a better growth environment for microorganisms and may be
more difficult to wash.
MAINTAIN PROPER TEMPERATURES TO HELP ENSURE
BOTH THE QUALITY AND SAFETY OF APPLES.
Do not let apples sit in unrefrigerated trucks for excessively
long periods of time. Refrigerated trucks should be precooled
before apples are loaded. Containers of apples should be loaded
in a way that ensures proper refrigerated air circulation.

VI. Product Traceback
MAINTAIN ADEQUATE PRODUCTION RECORDS.
When good management practices are used to produce
apples for fresh market and cider apples, the probability
of a foodborne disease incident is reduced. However, if a
foodborne disease outbreak occurs, identification of the
source of contamination can help to prevent the further
occurrence of food safety problems and also may be useful in
identifying and eliminating a hazardous pathway.
Documentation should include the name and location
of the orchard and cultivar, the date of harvest, and the
name and address of the buyer. Any records that document
corrective actions taken to minimize food safety hazards,
including water quality testing results, should be included.
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The records should be legible, permanent, accurate, and
signed and dated by the responsible individual.

Packing Operations
Purpose
To ensure that apples received from the orchard are packed,
stored, and transported under conditions that minimize the
risk of microbial contamination.

Potential Hazards
Because fresh market and cider apples do not receive a
heat treatment that would eliminate harmful bacteria,
Good Management Practices are necessary to minimize
microbial contamination. Poor sanitation procedures can
significantly increase the risk that apples will become
contaminated with microorganisms. Pathogens may be
found on the floors and in the drains in the packing facility
and on the surfaces of sorting, grading, and packing
equipment. Without good sanitary practices, any of these
surfaces that come in contact with apples could be a
potential source of microbial contamination. Workers who
do not follow good hygiene practices may infect other
workers and contaminate apples. Packers should develop
good sanitation and hygiene standards and maintain them
throughout the packing operation.

Preventive or Corrective Measures
I. Water Quality
ALL AREAS IN THE PACKING FACILITY MUST HAVE
A SOURCE OF HOT AND COLD POTABLE RUNNING
WATER WITH SUFFICIENT PRESSURE FOR ALL
REQUIRED WASHING OF FRUIT AND EQUIPMENT
AND DAILY FLOOR WASHING.
If nonmunicipal water is used, it must meet minimum federal
standards for drinking water. In Pennsylvania, a private water
source must be tested by a certified laboratory each year
between August 15 and September 15.
All modifications to the plumbing system should
be completed by a licensed plumbing contractor and
inspected for conformance with local building codes.
All hoses inside and outside the plant should have antisiphoning devices installed.
Surface water or other water of uncertain microbiological
quality should not be used for cooling, drenching, or washing
operations or in dump tanks, unless it has been treated with
an approved disinfectant.
Water used to sanitize food contact surfaces
may be treated with sodium hypochlorite or other
approved chemicals to prevent accumulation of harmful
microorganisms. The concentration of residual chlorine

should be maintained at 50–100 ppm by monitoring regularly
with a chlorine test kit.
The temperature of dump tank water should be kept at
least 10°F warmer than the apples. This is important because
when the water temperature is colder than the apples, a slight
vacuum forms within the fruit. Water and any contaminants
it might contain can then be drawn inside the apple through
calyx and stem areas, lenticels, punctures, and cracks. This
is generally not a problem if the dump tank water contains a
disinfectant and if apples are cooled before packing.
CLEAN DRINKING WATER SHOULD BE MADE
AVAILABLE TO WORKERS.
Contaminated drinking water may infect workers, who may
then contaminate apples during harvesting and handling.

II. Grounds and Buildings
GROUNDS AND BUILDINGS SHOULD BE FREE OF
CONDITIONS THAT MAY RESULT IN PRODUCT
CONTAMINATION.
Grounds in the immediate vicinity of all packing areas should
be kept clear of waste, litter, and improperly stored garbage.
Remove weeds and keep all grasses cut to discourage the
breeding, harboring, and feeding of pests.
Walls and ceilings should be impervious, and the floors
must be continuous concrete and have sufficient drains.
Walls and ceilings should be light in color for easier cleaning
and to provide better lighting on work surfaces. Condensate
from fixtures, ducts, and pipes should not contaminate food
or food contact surfaces. Drainage areas may contribute to
contamination of food by seepage, cross-contamination from
shoes and boots, or by providing a breeding place for pests.
Remove any unnecessary articles, including old and
inoperative equipment that is no longer used, to eliminate
areas that harbor rodents and insects. Minimize the
availability of food and water to pests, and eliminate potential nesting or hiding places for pests. Bins should not be
stored immediately adjacent to the packing house.
BLOCK ACCESS OF PESTS INTO ENCLOSED FACILITIES.
Prevent entry of pests into packing areas by screening or
blocking vents and holes in walls, doors, flooring, etc. All
windows, doors, and openings around the packing operation
should be screened to prevent insect and rodent entry.
Entrances to storage areas by forklifts should be covered with
plastic curtains.
ADEQUATE LIGHTING MUST BE PROVIDED IN THE
WORK AREAS.
Well-lit areas are more easily monitored for cleanliness.
Interior lights must be shielded to prevent pieces of glass from
getting onto the product in the event of bulb or tube breakage.

REFRIGERATION FACILITIES SUFFICIENT TO KEEP
APPLES STORED AT 32 to 38°F (AS CLOSE TO 32°F AS
POSSIBLE) SHOULD BE AVAILABLE.
This will prevent growth of human pathogens as well as
extend the product’s shelf life.

III. Product Receiving and Storage
ACCEPT ONLY CLEAN, WHOLESOME APPLES THAT
MEET THE MINIMUM QUALITY STANDARDS FOR
“U.S. CIDER GRADE”; THAT IS, “FREE FROM DECAY,
WORMHOLES, AND INTERNAL BREAKDOWN.”
Heavily bruised, punctured, or decaying apples or fruits that
are obviously contaminated with soil or bird feces should
be discarded. Packers should insist that apples are grown in
accordance with the Good Management Practices for orchard
operations detailed in the previous section.
Additional care should be taken to protect fresh fieldpacked apples from possible contamination from exposure
to manure and animal fecal material in the soil. Operators
of open packing facilities also should be aware of potential
contamination from airborne contaminants from any
nearby livestock or poultry areas or manure storage or
treatment facilities.
INSPECT CONTAINERS UPON RECEIPT FOR
CLEANLINESS OR DAMAGE.
Bins or crates may become a source of contamination if they
are soiled when they enter a dump tank. As much adhering
dirt as practical should be removed with clean running water.
Damaged container surfaces may cause damage to the
surface of apples and make them more difficult to wash.
Moreover, smooth container surfaces are desirable because
they have fewer protective places for bacteria to survive
and accumulate.
STORE APPLES IN A COOL AREA, FREE FROM PESTS.
Clean apples cannot remain clean in dirty surroundings. If
apples have been contaminated in the orchard, pathogens will
grow quickly at warm temperatures. If apples are to be stored
for an extended period of time, quickly cool and store them at
45°F or lower.

IV. Facility and Equipment Sanitation
FACILITIES IN AND AROUND PACKING OPERATIONS
SHOULD ALWAYS BE MAINTAINED IN A CLEAN
CONDITION.
Discarded apples attract pests, which may spread harmful
microorganisms. Clean and sanitize the dump tank and
the washing, grading, and sorting areas daily to reduce the
potential for microbial contamination.
Clean product storage areas regularly. Remove, as much
as practical, all visible debris, soil, dirt, and unnecessary items
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Table 9-3. Peach orchard planting budget, 155 trees per acre, Pennsylvania, 2022. Summary of estimated costs per acre.
Item

Unit

Price ($)

Quantity

Amount ($)

Your Estimate*

each

8.75

155.00

1,356.25

______________

pound

0.63

14.00

8.82

______________

Variable Costs
Peach trees
Fertilizer
N
Pesticides
Herbicides**

acre

1.00

29.97

______________

Fungicides**

acre

1.00

24.64

______________

Insecticides**

acre

1.00

12.49

______________

Labor
Seasonal

hour

15.00

9.00

135.00

______________

Operator

hour

18.00

4.10

73.80

______________

Drip tape

feet

0.02

10,890

217.80

______________

Deer repellent

each

0.80

52.00

41.60

______________

Latex paint

gallon

24.00

0.50

12.00

______________

Rodenticide

pound

1.19

10.00

11.90

______________

Diesel fuel

gallon

3.05

22.80

69.54

______________

Other

Repairs and maintenance
Tractors

acre

1.00

13.53

______________

Equipment***

acre

1.00

30.96

______________

acre

1.00

94.68

______________

2,171.73

______________

Interest on operating capital
Total variable costs
Fixed Costs
Tractors

acre

1.00

33.21

______________

Equipment***

acre

1.00

38.19

______________

Land charge

acre

1.00

200.00

______________

271.40

______________

Total fixed costs

Total specified costs
2,371.73
______________
*These budgets are examples only; use the “your estimate” column to adjust figures for your operation. Budget estimates are based on data available in June 2021.
**Cost estimates based on a typical mix of pesticides used in conjunction with integrated pest management practices.
***Includes irrigation system.
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Table 9-4. Fresh-market apple production budgets, 1,210 trees per acre, with and without mating disruption, Pennsylvania,
2022. Summary of estimated costs per acre.
Unit

Price ($)

Without Mating
Disruption
Quantity

bushel

___________

___________

___________

___________

___________

______________

ton

18.00

0.50

9.00

0.50

9.00

______________

N

pound

0.63

20.00

12.60

20.00

12.60

______________

K

pound

0.25

50.00

12.50

50.00

12.50

______________

Urea (spray additive)

pound

0.29

21.00

6.09

21.00

6.09

______________

Calcium chloride

pound

0.45

47.50

21.38

47.50

21.38

______________

Solubor

pound

1.85

6.00

11.10

6.00

11.10

______________

Item
Receipts

Without Mating
Disruption
Amount ($)

With Mating
Disruption
Quantity

With Mating
Disruption
Amount ($)

Your Estimate1

Variable Costs
Lime
Fertilizer

Pesticides
Herbicides2

acre

1.00

48.75

1.00

48.75

______________

Fungicides

acre

1.00

361.04

1.00

361.04

______________

Insecticides2

acre

1.00

277.42

1.00

330.22

______________

Mating disruption

acre

—

—

1.00

185.50

______________

Plant growth regulators3

acre

1.00

54.09

1.00

54.09

______________

Trellis maintenance

acre

1.00

100.00

1,001.00

100.00

______________

Pest scouting

acre

1.00

50.00

1.00

50.00

______________

Thinning and misc.4

hour

15.00

28.40

426.00

22.38

335.63

______________

Operator

hour

18.00

7.60

136.80

5.47

93.02

______________

Pruning

tree

1.67

1,210.00

2,020.70

908.00

499.40

______________

bushel

1.50

1,210.00

1,815.00

1,000.00

1,500.00

______________

1.00

10.00

1.00

10.00

2

Labor

Harvesting
Other
Bee rental

acre

Soil and leaf analysis tests

acre

Insect traps

acre

Rodenticide

pound

______________

1.19

1.00

40.00

1.00

40.00

______________

10.00

11.90

10.00

11.90

______________

5

Crop insurance (APH)

acre

1.00

192.00

1.00

192.00

______________

Crop insurance (SCO)5

acre

1.00

89.00

1.00

89.00

______________

58.50

178.43

58.50

178.43

______________

Diesel fuel

gallon

3.05

Repairs and maintenance
Tractors

acre

1.00

24.13

1.00

24.13

______________

Equipment

acre

1.00

85.74

1.00

85.74

______________

acre

1.00

223.39

1.00

223.67

______________

6,776.60

______________

Interest on operating capital
Total variable costs

6,540.60

Fixed Costs
Tractors

acre

1.00

65.19

1.00

65.19

______________

Equipment6

acre

1.00

110.31

1.00

110.31

______________

Land charge

acre

1.00

200.00

1.00

200.00

______________

375.50

375.50

______________

6,916.10

7,152.10

______________

Total fixed costs
Total specified costs

These budgets are examples only; use the “your estimate” column to adjust figures for your operation. Budget estimates are based on data available in June 2021.
2
Cost estimates based on a typical mix of pesticides used in conjunction with integrated pest management practices.
3
See Tables 1-15 and 1-18 for alternative plant growth regulators used in apples. Depending on the thinning, growth control, and harvest management program used, plant growth
regulator costs could vary from $0 to over $500 per acre.
4
Assuming chemical thinning in addition to hand-thinning.
5
Hypothetical cost of crop insurance coverage in Adams County (APH, actual production history and SCO, supplemental coverage option) at the 50 percent coverage level for 100
percent of the standard $12.70 per bushel fresh-market price election and an APH yield of 1,200 bushels per acre. Contact your crop insurance agent for a quote based on your
county, government program participation, yields, and pricing preferences. Assumes no participation in Agricultural Risk Coverage (ARC) from the USDA Farm Service Agency.
6
Includes irrigation system.
1
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1.
2.
3.

Industry magazines, along with links to
corresponding articles
On-farm markets, including their seasonal displays
and how they designed their outlet
Consumers and commentary they provide about
goods that appeal to them

To find images for inspiration, enter “orchard” in
the search box on Flickr or Pinterest or enter the hashtag
“#orchard” into Instagram’s search box (like Twitter and
Facebook, Instagram encourages account holders to use
hashtags so that others can access all posts that contain the
search word). Using the name of a specific orchard or farm
market will pull up even more images.

Evaluation and Analytics
Depending on the social media tool you choose to use, you
may find that the analytics—statistics about who follows
you and/or what posts were the most popular or seen by the
greatest number of followers—are pretty sophisticated.
• Facebook provides “insights,” which are graphic
representations of a business’s reach (how many
Facebook users saw a post, the business’s Facebook ad,
etc., within seven days).
• Twitter and Pinterest may not provide direct access to
analytics; however, you can receive email alerts when
someone begins to follow you on Twitter and when a
Pinterest user followers your boards, likes, repins, or
comments on your pins.
Several third-party applications that provide more indepth analytics are also available.
Understandably, with the number of social media tools
available, it can be overwhelming almost to the point that you
may decide to avoid investigating new networks or reject all
the tools available. The only way to truly get comfortable with
social media is to create a personal account, log on, follow/
like/network with others, and see how they are using the tool.
You will undoubtedly find a few businesses inside and outside
the industry that provide plenty of ideas and inspiration.

Dashboards
Novice and experienced social media users alike may find
it challenging to track who retweets their tweets, which
customers or followers “like” or place comments on their
Facebook business page, etc. This is especially true for
business owners who are often away from their computers.
It is possible to check all these accounts on a desktop by
accessing each website or downloading separate Twitter,
Facebook, etc., apps. But managing multiple accounts by
accessing just one program can provide convenience, allow
for posting to various accounts, and save time by reducing the
number of logins necessary to read all postings and updates.
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Several different dashboards are available (e.g., HootSuite
and Sprout Social), each with distinct advantages and disadvantages, but one that is mentioned frequently and used to
demonstrate features in this chapter is HootSuite. In Figure 1012 you will see five tabs, each associated with a different social
network (within the red rectangle, from left to right: three
Twitter accounts, a personal Facebook account, and the Penn
State Extension Ag Entrepreneurship Team Facebook page).
A dashboard allows users to check these accounts
simultaneously and add streams to each account. For
example, while the home feed column (left column in Figure
10-12) allows the user to read all the tweets posted by those
they follow on Twitter, they can also see:
• Tweets that mention their Twitter handle (e.g., @kmk17psu)
(second column from the left)
• Tweets they have posted (third column)
• Lists they created
Again, a list is simply a way of grouping those you follow on
Twitter by criteria you choose—for example, topics they tweet
about or the type of business they operate. The example list you
see below (in the right column) aggregates tweets posted by
select Penn State Extension personnel (@kmk17psu/psu).
Alternatively, users can add streams that show results for
tweets that contain a particular hashtag (searchable keywords
or phrases that follow the “#” symbol, such as “#appleorchard”);
for example, a series of tweets containing the #winechat
hashtag. #Winechat is an event hosted on Twitter each
Wednesday night during which wine professionals and those
who just like to drink wine discuss a topic. Each person who
posts a tweet related to the discussion includes #winechat so
that the tweets are grouped and easier to search for on Twitter.
Most dashboards can be customized, allowing users to
choose the number of accounts and streams that are visible.
In fact, this might be one of your criteria for selecting a
dashboard to use. You can check all these streams by going
directly to Twitter.com, but you may like the ease of clicking
on another tab and viewing other accounts, such as your
Facebook page. Also, like the streams set up in the Twitter tab,
you can have multiple streams on a Facebook tab (e.g., wall
post stream and event stream).
Dashboards also give users the ability to post one
message to more than one social media account. For example,
you may have posted a message to Twitter and thought that
the message would be equally valuable to your Facebook
followers. If this is true for you, then you may find dashboards
helpful. As you can see in Figure 10-13, with a dashboard,
you can type the message (remember that Twitter posts are
limited to 280 characters) and then select which accounts you
want to post the message.
Or, perhaps you have a goal of posting to your accounts
at least once a day during the week, but travel prevents you
from doing so “live.” Dashboards allow users to program

Figure 10-12. An example HootSuite dashboard with five tabs, each of which is associated with a different social network.

Figure 10-13. Dashboards allow users to create one message and post to multiple accounts. Users can also include links to online content,
attach digital images, and schedule posts to be published at specific times.

tweets to post on a scheduled basis. You have the option of
typing a message and then selecting the day and time you
would like the message to post. One word of caution. If you
are scheduling tweets that may be associated with good
weather or another factor that could impact the usefulness of
the tweet, make sure you can cancel the intended tweet—just
so your followers are not confused by the perplexing message.
Another benefit is that a few of the available dashboards
also provide analytics, including:
• Number of Twitter users who click on a link that you
included in your tweet
• Daily Facebook activity
• Bounce rate by connecting your dashboard account with
your Google Analytics account
If you have a schedule that keeps you away from your
desk, you might find social media dashboard apps for your
tablet or smartphone to be quite useful. Just like desktop
dashboards, apps allow the user to:
• Monitor several social media accounts
• Create streams with lists and hashtags (Figure 10-14)
• Schedule when tweets should post
• Easily attach photos to tweets
• Shrink links
• And add locations (latitude and longitude)

To help you understand what dashboard apps (e.g.,
TweetDeck, HootSuite, or Yoono), Figure 10-14 shows images
of various social media networks as they appear on an iPhone.
These apps will have a similar appearance and functionality
on Android phones.
If you have a Facebook page and personal Facebook
account, you can access both using a dashboard app. If you
have more than one Facebook account that you would like to
monitor on your mobile device, your dashboard choices will
be limited. Not all dashboards allow users to access both a
personal Facebook page and a business page. For comparison,
Figure 10-15 shows an image of a Facebook page as it appears
in the HootSuite app.
These are just a few features of social media dashboard
apps. Each app has benefits and limitations. You may it is
possible that you prefer to use one dashboard on a desktop
and a different one on a mobile device.

Online Reputation
Management

The number of forums, bulletin and message boards, and
social networking sites that allow consumers to comment,
rant, or rave about a business continues to grow. Retailers
that have been the subject of consumer expression, good or
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Irrigation Application Rate
Calculation

As described in Peters (2015), water movement capability
varies in different soil types, e.g., sandy soil (1-to-1.5-foot
radius); loam soil (1.5-to-2.5-foot radius); and clay soil
(2.5-to-3.5-foot radius). These are important for setting lateral
distance between the emitters. Meanwhile, a smaller root zone
is more sensitive to water and nutrient stress because crop
roots have no motivation to and will not grow into dry soil.
Therefore, a larger root zone can be encouraged by running
the drip system for longer amounts of time. In order to
calculate the application rate of the drip irrigation system, the
emitter flow rate, the emitter spacing among the tubing, and
the distance between drip lines must be known. The equation
is as follows:
ApRt = 231.1 × [(EmitterFlow × Eff) / (RowSpc × EmitterSpc)]
Where ApRt is the application rate in inches per hour,
EmitterFlow is the emitter flow rate in gallons per hour, Eff is
the irrigation efficiency (use 0.95 for drip irrigation), RowSpc
is the spacing between rows in inches, and EmitterSpc is the
spacing between emitters in inches.
The calculation of application rate is for covering the
entire field. When considering the root zone of the fruit trees
(if only root zone is expected to be watered), the application
rate could be lower based on the size of the root zone.

Terms and Principles for Soil
Water Status

Here are definitions for some core terms from the University
of Minnesota Extension’s “Soil-Water Basics for Irrigation
Scheduling” (2019):
• Available water holding capacity (AWC): amount of water
that soil can store to be extracted by the plant. It is the water
held between field capacity and permanent wilting point.
• Field capacity: amount of water that remains in the soil
after all the excess water at saturation has been drained
out. When the soil is allowed to drain for approximately
24 hours after saturation, field capacity is reached. Field
capacity is viewed as the optimal condition for plant
growth and microbial activity.
• Minimum allowable balance (MAB): the soil water
content where crops begin to experience water stress.
Usually, most crops do not experience water stress before
40–60 percent of AWC has been removed.
• Permanent wilting point: when plants uptake all the
available water for a given soil, soil dries to a point that it
can not supply any water to keep plants from dying.
• Saturation: water that readily percolates or drains out
from the root zone by gravitational force; also called
gravitational water.
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• Soil water deficit: amount of water removed from active
rooting depth by comparing to the water level at the field
capacity. Soil water deficit can be monitored directly by
using soil moisture sensors or indirectly by estimating
crop water use (evapotranspiration) with using waterbalance equation.
• Soil water: water contained within or flowing through the
soil profile. Surface water must infiltrate the soil profile to
become soil water. Groundwater is a subsurface water in
sufficient quantity that wells or springs can use it.
Figure 11-2 illustrates the components of soil water
reservoir and the corresponding interpretation of water status
in the soil. As shown in Figure 11-2, the available water in
the soil is between the field capacity and permanent wilting
point; however, we should not wait until the available water is
gone to start irrigation. Irrigation needs to be started before
the water level reaches the minimum balance, which is the
threshold for the plant not being stressed.

Soil Texture Differences

As shown in Figure 11-3, different soil types have different
available water content ranges between field capacity and
wilting point. Sandy soil has very low field capacity, while clay
soil has very high field capacity. The same as the wilting point,
sandy soil also has the lowest value, while clay soil has the
highest value. Overall, sandy soil has the least available water.
Available water is not the highest for clay soil but rather for
silt loam or clay loam.
For example, even though the amount of available
water from sandy loam soil is small, the plant can still
get water at certain low levels of water content. For the
clay soil, even with a relatively higher water content (25
percent) in the soil, the plant has difficulty using water
at this water level due to the higher amount of energy required for water movement in the clay soil. For irrigation
scheduling, whenever the soil water deficit is equal to
or higher than minimum water balance, then irrigation
should be triggered. The application rate of irrigation
could refill the root zone to the level of field capacity.

Soil Water Status

The state of water in soil is described in terms of the amount
of water and the energy associated with the forces that hold
the water in the soil. The amount of water is defined by
water content, and the energy state of the water is the water
potential. Plant growth, soil temperature, chemical transport,
and groundwater recharge are all dependent on the state of
water in soil. While there is a unique relationship between
water content and water potential for a particular soil type, it
is important to understand the distinction when choosing an
instrument to measure soil water.

Figure 11-2. The components of soil water reservoir and important terms.

probe, time-domain reflectometry (TDR), and other
dielectric permittivity sensitivity devices.

Soil Water Potential

Figure 11-3. Soil moisture conditions for various soil textures. Source:
The COMET Program, University Corporation of Atmospheric Research.

Soil Water Content
Soil water content is expressed on a gravimetric or
volumetric basis. Gravimetric water content is the mass
of water per mass of dry soil. It is measured by weighing a
soil sample, drying the sample to remove the water, then
weighing the dried soil. Volumetric water content is the
volume of liquid water per volume of soil. Volume is the
ratio of mass to density. Water content indicates how much
water is present in the soil. It can be used to estimate the
amount of stored water in a profile or how much irrigation
is required to reach a desired amount of water. Water
content measurement methods include gravimetric, neutron

Soil water potential is an expression of the energy state of
water in soil, and it is estimated to describe the water flux
in the soil. Water flux is defined as the movement of water
occurring within the soil profile, between the soil and plant
roots, and between the soil and the atmosphere.
Water potential quantifies the tendency of water to move
from one area to another due to osmosis, gravity, mechanical
pressure, or matrix effects such as capillary action. The
concept of water potential has proved useful in understanding
and computing water movement within plants, animals, and
soil. If flow is not restricted, water will move from an area of
higher water potential to one of lower potential. Soil water
moving to the plant is a good example, as it has negative water
potential relative to the pure water references.

Irrigation Scheduling Strategies

The purpose of irrigation scheduling is to determine the exact
amount of water to apply to the field and the exact timing
for application. The amount of water applied is determined
by using a criterion that determines irrigation need and
a strategy to prescribe how much water to apply in any
situation. There are a few different methods for scheduling
irrigation for tree fruit orchards, such as conventional
irrigation, ET-based irrigation, soil moisture-based irrigation,
and plant-based irrigation.
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Appendix:
Tree Fruit on
the Web

Bees and Pollination

Eastern Apicultural Society
https://www.easternapiculture.org/
Mid-Atlantic Apiculture
https://canr.udel.edu/maarec/
Penn State Center for Pollinator Research
https://ento.psu.edu/research/centers/pollinators
Pennsylvania Beekeepers Association
https://www.pastatebeekeepers.org/
PollenPro Pollination Solutions
http://www.pollenpro.net/
Pollinator Network
https://pollinator.cals.cornell.edu/
Virtual Beekeeping Gallery
http://www.beekeeping.com/index.html

Fruit—General

British Columbia Tree Fruit Information
https://www2.gov.bc.ca/gov/content/industry/
agriculture-seafood/animals-and-crops/cropproduction/tree-fruits
Cherry Marketing Institute
https://www.choosecherries.com/
Cornell Fruit Resources
https://fruit.cornell.edu/
eXtension Apple Site
https://apples.extension.org/
Fruitipedia
http://www.fruitipedia.com/
Horticulture New Zealand
https://www.hortnz.co.nz/
Mid-Atlantic Regional Fruit Loop
https://www.virginiafruit.ento.vt.edu/
National Agricultural Statistics Service
https://www.nass.usda.gov/
NC140
http://www.nc140.org/
Northwest Pear Bureau
http://www.usapears.com
Ontario Ministry of Agriculture and Rural Affairs Commercial
Apple Growers Information
http://www.omafra.gov.on.ca/english/crops/hort/
apples.html
Tender Fruit in Ontario
http://www.omafra.gov.on.ca/english/crops/hort/
tender_fruit.html
Orange Pippin
https://www.orangepippin.com/
Organic Apple Production Guide
https://ucanr.edu/sites/placernevadasmallfarms/
files/112366.pdf
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Pennsylvania Apple Program
https://www.agriculture.pa.gov/Food/ag-commoditymarketing-boards/Pages/Apple-Program.aspx
Pollination Information from Summit Tree Sales
http://summittreesales.com/resources/pollinationcharts/
Tree Spacing Template
https://ag.umass.edu/fruit/fact-sheets/applescionrootstock-selection-planning
University of Maryland Extension: Fruit and Vegetables
https://extension.umd.edu/programs/agriculture-foodsystems/program-areas/fruit-vegetable-production
University of Georgia Peach Production Information
https://extension.uga.edu/topic-areas/fruit-vegetableornamentals-production/peaches.html
USDA-ARS Appalachian Fruit Research Station
https://www.ars.usda.gov/northeast-area/kearneysvillewv/appalachian-fruit-research-laboratory/innovativefruit-production-improvement-and-protection
USDA-ARS Wenatchee Tree Fruit Lab
http://tfrec.cahnrs.wsu.edu/
USDA Economics and Agricultural Statistics
https://www.nal.usda.gov/topics/economics-andagricultural-statistics
Virginia Fruit Website (Virginia Tech)
https://www.virginiafruit.ento.vt.edu/

Guides, Magazines,
Newsletters

Cornell Scaffolds Newsletter
https://www.scaffolds.entomology.cornell.edu/
Good Fruit Grower
https://www.goodfruit.com/
New York Fruit Quarterly
https://nyshs.org/fruit-quarterly/
Ontario Fruit Growing Information
http://www.omafra.gov.on.ca/english/crops/index.
html#fruit
Penn State Fruit Times Newsletter
https://extension.psu.edu/forage-and-food-crops/fruit
Rutgers Plant and Pest Advisory
https://plant-pest-advisory.rutgers.edu/
UMass Fruit Advisor
http://fruitadvisor.info/tfruit/clements/index.html

Nurseries

Adams County Nursery, Aspers, PA
https://www.acnursery.com/
Big Horse Creek Farm, Lansing, NC
http://bighorsecreekfarm.com/
Boyer’s Nursery, Biglerville, PA
https://www.boyernurseries.com/
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Brandt’s Fruit Trees, Yakima, WA
https://provarmanagement.com/
Burchell Nursery Inc., Oakdale, CA
https://burchellnursery.com/
C & O Nursery, Wenatchee, WA
https://www.c-onursery.com/
Cameron Nursery
http://www.cameronnursery.com/
CopenHaven Farms Nursery, Gaston, OR
https://www.copenhavenfarms.com/
Cummins Nursery, Ithaca, New York
https://www.cumminsnursery.com/
Dave Wilson’s Nurseries, Hickman, CA
https://www.davewilson.com/
Green Tree Nursery, La Grange, CA
http://greentreenursery.com/
Janssen Brothers Nurseries LTD, Netherlands
https://www.janssen-rootstocks.nl/
Johnson Nurseries, Ellijay, GA
https://www.johnsonnursery.com/
Moser Fruit Tree Sales, Coloma, MI
https://www.moserfruittreesales.com/
ProTree Nursery
https://www.protreenursery.com/
Sierra Gold Nurseries, Yuba City, CA
https://www.sierragoldtrees.com/
Southmeadow Fruit Gardens, Baroda, MI
http://www.southmeadowfruitgardens.com/
Stark Bros. Nurseries, Louisiana, MO
https://www.starkbros.com/
Summit Tree Sales, Paw Paw, MI
https://summittreesales.com/
TRECO, Woodburn, OR
https://www.treco.nu/
Tree Connection, Dundee, OR
https://treeconnect.com/
Trees of Antiquity, Paso Robles, CA
https://www.treesofantiquity.com/
V. Kraus Nurseries Ltd., Hamilton, ON, Canada
http://www.krausnurseries.com/
Van Well Nurseries, Wenatchee, WA
https://www.vanwell.net/
Vintage Virginia Apples, North Garden, VA
https://www.albemarleciderworks.com/
Viveros Requinoa, Santiago, Chile
https://www.viverosrequinoa.cl/
Wafler Nurseries, Wolcott, NY
https://waflernursery.com/
Willamette Nurseries Inc., Canby, OR
http://www.willamettenurseries.com/
Willow Drive Nursery, Ephrata, WA
http://www.willowdrive.com/

Orchard Supply Sources
Alpha Scents Monitoring Supplies, West Linn, OR
https://www.alphascents.com/
Amberg’s Nursery, Inc., Stanley, NY
https://ambergs.com/
Gemplers, Janesville, WI
https://gemplers.com/
Great Lakes IPM, Vestaburg, MI
https://www.greatlakesipm.com/
OESCO, Conway, MA
https://www.oescoinc.com/
Orchard Valley Supply, Harrisburg, NC
https://orchardvalleysupply.com/
Peach Ridge Orchard Supply, Sparta, MI
https://www.peachridge.com/
Wilson Irrigation & Orchard Supply Yakima, WA
https://orchardvalleysupply.com/

Penn State Fruit Resources

College of Agricultural Sciences
https://agsci.psu.edu/
Department of Entomology
https://ento.psu.edu/
Department of Plant Pathology and Environmental Microbiology
https://plantpath.psu.edu/
Department of Plant Science
https://plantscience.psu.edu/
Fruit Research and Extension Center, Biglerville
https://agsci.psu.edu/research/centers-facilities/
extension/frec
Lake Erie Regional Grape Research and Extension Center
https://agsci.psu.edu/research/centers-facilities/
extension/erie
Pesticide Education Program
https://extension.psu.edu/insects-pests-and-diseases
Russell E. Larson Agricultural Research Center
https://agsci.psu.edu/research/centers-facilities/
extension/rock-springs
Weather Links at Penn State
https://campusweatherservice.com/

Pesticide Information
and Labels
AGRIAN
https://home.agrian.com/
C & P Green Book of Pesticide Labels
https://www.greenbook.net/
CDMS Pesticide and SDS Labels
https://www.cdms.net/Label-Database
Fungicide Resistance Action Committee
https://www.frac.info/

Herbicide Resistance Action Committee
https://hracglobal.com/
Insecticide Resistance Action Committee
https://irac-online.org/
National Pesticide Information Center
http://www.npic.orst.edu/
National Pesticide Information Retrieval System
http://npirspublic.ceris.purdue.edu/state/
PaPlants
https://www.paplants.pa.gov/
Penn State Extension Pesticide Education Program
https://extension.psu.edu/insects-pests-and-diseases/
pesticide-applicators
Pennsylvania Department of Agriculture
https://www.agriculture.pa.gov/Pages/default.aspx
PDA Pesticide Registration Site
https://www.paplants.pa.gov/ProductRegFSA/
BrandSearch.aspx
Sprayers 101
https://sprayers101.com/
U.S. Environmental Protection Agency
https://www.epa.gov/pesticides

Professional Societies

American Pomological Society
https://www.americanpomological.org/
American Society for Horticultural Science
https://ashs.org/
International Fruit Tree Association
https://www.ifruittree.org/
International Society for Horticultural Science
https://www.ishs.org/
Maryland State Horticultural Society
https://www.mdhortsociety.org/
Michigan Apple Committee
https://www.michiganapples.com/
Midwest Apple Improvement Association
http://maiaapples.com/
State Horticultural Association of Pennsylvania (SHAP)
https://shaponline.org/
U.S. Apple Association
https://usapple.org/
Washington State Tree Fruit Association
https://wstfa.org/

University Resources

Cornell University
https://fruit.cornell.edu/
Michigan State Fruit Information
https://www.canr.msu.edu/fruit/
University of Massachusetts Fruit Information
https://ag.umass.edu/fruit
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Virginia Tech
https://ext.vt.edu/agriculture/commercial-horticulture/
tree-fruit.html
Washington State University Tree Fruit Research and
Extension Center
http://tfrec.cahnrs.wsu.edu/

USDA-NRCS Conservation
Programs

Center for Agricultural Partnerships
https://www.agcenter.org/
Michigan State University EQIP IPM Program for
Specialty Crops
https://www.canr.msu.edu/ipm/
PA IPM
https://extension.psu.edu/integrated-pest-managementfor-agriculture
Pennsylvania USDA-NRCS
https://www.nrcs.usda.gov/wps/portal/nrcs/site/pa/home/

Weed Information and
Identification

Illinois
http://weeds.cropsci.illinois.edu/weedid.htm
Michigan State
https://www.canr.msu.edu/pestid/resources/plant-andweed-identification/index
Ontario
http://omaf.gov.on.ca/IPM/english/weeds-herbicides/
identification-keys/index.html
Penn State
https://extension.psu.edu/insects-pests-and-diseases/
pest-disease-and-weed-identification
Purdue
https://ag.purdue.edu/btny/purdueweedscience/
Rutgers
https://njaes.rutgers.edu/weeds/
University of California
http://ipm.ucanr.edu/PMG/weeds_intro.html

Wildlife Information

Internet Center for Wildlife Damage
https://icwdm.org/
Jack H. Berryman Institute
https://berrymaninstitute.org/
Northeast Wildlife Damage Management Cooperative
https://wildlifehelp.org/agency/northeast-wildlifedamage-management-cooperative
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CONVERSION OF WEIGHTS AND MEASURES
Dry Measure

Linear Measure

Liquid Measure

• 16 ounces = 1 pound
• 1 ton = 2,000 pounds
• 1 metric ton = 1.102 ton

•
•
•
•
•

•
•
•
•
•
•

Square Measure
• 1 acre = 43,560 square feet = 4,840 yards
• 1 square foot = 144 square inches
• 1 square yard = 9 square feet

Weights of Liquids
• 1 gallon water = 8.34 pounds
• 1 cubic foot water = 62.4 pounds
• 231 cubic inches = 1 gallon

1 foot = 12 inches
1 yard = 3 feet = 36 inches
1 rod = 16.5 feet = 5.5 yards
1 mile = 5,280 feet = 8 furlongs
1 rod × 1 mile = 2 acres

Cubic Measure
• 1 cubic foot = 1,728 cubic inches
• 1 cubic yard = 27 cubic feet
• 231 cubic inches = 1 gallon

1 tablespoon = 3 teaspoons
1 fluid ounce = 2 tablespoons
1 cup = 8 fluid ounces = ½ pint
1 pint = 2 cups = 16 fluid ounces
1 quart = 2 pints = 4 cups = 32 fluid ounces
1 gallon = 4 quarts = 8 pints = 16 cups
= 128 fluid ounces

Miscellaneous Facts

Parts per Million (ppm)
• ppm
• 1%
• 1 ppm

= % × 10,000
= 10,000 ppm
= 1 milligram per liter
= 1 milligram per kilogram
• 1 ppm = 1 part per million by weight
= 1 pound in 100,000 gallons of water
• 100 ppm = 1 pound in 1,000 gallons of water
= 1.6 ounces in 100 gallons of water

•
•
•
•
•
•

diameter = circumference × 0.318
area of a circle = diameter2 × 0.785
volume of a cylinder = 3.14 × radius2 × height
volume of a sphere = diameter3 × 0.524
volume of a cone = area of base × height ÷ 3
1 ppm is approximately:
1 inch in 16 miles or
1 minute in 2 years or
1 ounce in 31 tons or
1 cent in $10,000

METRIC WEIGHTS AND MEASURES
Centimeters
1.00

Inches

Feet

Yards

Inches

Kilometers

Miles

0.0328

1.000

1.093

39.37

1.000

0.621

0.914

1.000

36.000

1.609

1.000

Grams

Ounces

Pounds

2.54

1.000

0.083

30.48

12.000

1.000

Acres

Hectares

1.000

0.405

2.471

1.000

Liters

Meters

0.394

Pints

Quarts

Gallons

Kilograms

Ounces

Pounds

1.00

0.035

0.002

1.000

35.274

2.205

28.35

1.000

0.063

0.028

1.000

0.063

453.59

16.000

1.000

0.454

16.000

1.000

1000.00

35.274

2.205

Milliliters

Teaspoons

Tablespoons

Fluid Ounces

Cups

1.000

2.113

1.057

0.264

1.000

0.200

0.064

0.032

0.004

0.473

1.000

0.500

0.125

15.000

3.000

1.000

0.500

0.063

0.946

2.000

1.000

0.250

240.000

48.000

16.000

8.000

1.000

3.785

8.000

4.000

1.000

30.000

6.000

2.000

1.000

0.125

COMMON METRIC EQUIVALENTS
Metric
Millimeter
Centimeter
Meter (100 cm)
Kilometer (1,000 m)
Square centimeter
Square meter
Hectare (10,000 sq m)
Square kilometer (100 ha)
Gram
Kilogram (1,000 g)
Ton (metric) (1,000 kg)
Milliliter
Liter (1,000 ml)
Cubic meter (1,000 l)

U.S.
0.039 inch
0.39 inch
39.4 inches (3.28 feet)
0.62 mile
0.155 square inch
1.2 square yards
2.471 acres
247 acres
0.035 ounce
2.2 pounds
1.1 tons
0.032 fluid ounce
1.056 quarts (2.1 pints)
264.17 gallons

U.S.
Inch
Foot (12 inches)
Mile (5,280 feet)
Square inch
Square foot (144 sq in)
Square yard (9 sq ft)
Acre (43,560 sq ft)
Ounce
Pound (16 oz)
Tablespoon (3 teaspoons)
Fluid ounce (2 tablespoons)
Pint (2 cups)
Quart (4 cups)
Gallon (4 quarts)

Metric
2.54 centimeters
30.5 centimeters
1.6 kilometers
6.5 square centimeters
930 square centimeters
0.84 square meter
0.405 hectare
28.3 grams
453.5 grams (0.454 kilogram)
14.79 milliliters
29.6 milliliters
0.473 liter
0.946 liter
3.8 liters
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