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What the $&#* is Sustainability?!

Green!

Clean!
Ecological!

GNatural!



Title

• Insert examples of “sustainability” marketing here; diaper, vacations, 
housing, etc

• Point being to emphasize that “sustainability” has lost all value and 
meaning. And thus, we will redefine the word here today.



Indigenous Agricultural Knowledge & Practices

Soil health

• Living roots

• Soil cover

• Polyculture & interplanting

Water 
conservation

• Erosion prevention

• Prevent run off

• Use efficiency

Biodiversity

• Soil micro & macro

• Plant

• Animal
Illustration: Anna Juchnowicz, Wikipedia



So, What IS 
Sustainability??

• Sustain (L sustinere ~ to hold):

• To give support, often military support to; to provide 
for the support of; to supply with sustenance as, 
provisions to sustain an army; to maintain or cause to 
continue in existence or a certain state, or in force or 
intensity, to keep up, prolong as to sustain 
conversation for hours; to bear up from or as from 
below, support the weight of or hold up; to keep (one, 
one mind or spirits, etc.) from sinking or giving way, to 
buoy up; to endure without failing or yielding, to 
bear up under; to suffer or undergo as an injury; to 
support as true, legal, etc.; usually to allow or submit 
as valid as, the court sustained a suit; to support by 
adequate proof; to corroborate or confirm

• Sustainable- adj.= capable of being sustained

-Webster’s Collegiate Dictionary- 5th Edition

To Endure 

Without 

Failing



Elements of Sustainability

Community

Economy

Farmer

Farm worker

Environment

Food
Social



Economy 

•2022 USDA Census of 
Ag.

• Total of ~411,260 acres
o ~363,000A in production

• Total of ~9,975,000,000 pounds 
o A total value of ~$3,158,311,245*

▪ *As interpreted by the US Apple 
association



An Example: 
Organic Honeycrisp

• Washington, 2021-2022
o Based on mature production

• Total variable cost/acre
o $28,433

• Total fixed cost/acre
o $10,290

• Total cost/acre
o $38,723

• Total return/acre
o $45,680

• Net return/acre
o $6,957 Gallardo, R. K., & Pedroso-Galinato, S. (2023). 2022 cost estimates of producing and packing organic 

Honeycrisp apples in Washington (no. TB91E). Washington State University Extention.



Social



Apple in Human 
History



The Luscious Apple

SOCIAL MEDIA



Food
I mean...



Community

• Social activity

• Sense of community

• Open space 
protection
oBonus if that open 

space is accessible to 
others



The Farm Producer- 2022 USDA Ag Census

• 2022 USDA Ag. Census
Producers 2022 2017 2022 2017

Total # 3,374,044 3,399,834 -25,790

Total Male 63.70% 63.90% Total Female 36.30% 36.10%

35-54 27.69% 28.98% 28.65% 30.58%

55-74 49.05% 50.37% 49.83% 50.43%

American Indian*/ 
Alaska Native 1.47% 1.45% 2.016% 2.17%

Black or African 
American

1.36% 1.50% 1.03% 1.06%

Hispanic, Latino, or 
Spanish origin

3.34% 3.37% 3.31% 3.20%

Fruit and Tree Nut 
Farming

4.21% 4.02% 5.14% 4.80%

Total % in Tree Fruit 
& Nuts

2.68% 2.57% 1.87% 1.73%



The Environment- Our Surroundings

• The weather

• Undeveloped land
• Beautiful vistas

• Environmental 
services

• Learning 
opportunities

Community

Economy

Farmer

Farm worker

Environment

Food
Social





The Art of 
War
Know thyself, know thy 
enemy and fear not the 
outcome of 100 battles.

-Sun Tzu, 5th century 
B.C.



A Gallery of Rogues

• MSU lists ~40 insect pests of apple



The Rotten Facts

• MSU lists ~40 diseases that affect apple



A Gallery of Rogues Identified

• Top row (left to right):
o Apple maggot fly1, damage caused by apple pith moth larvae2, brown marmorated stink bug3, 

codling moth4, European apple sawfly5, European red mite6, wooly apple aphid7, damage 
caused by tarnished plant bug feeding8 

• Middle row (left to right):
o Humped green fruitworm9, lesser apple worm10, damage caused by oriental fruit moth 

larvae11, oblique banded leafrolller12, plum curculio adult13, damage cause by rosy apple 
aphid feeding14, potato leaf hopper adult and nymph15

• Bottom row (left to right):
o San jose scale16, black stem borer17, dogwood borer18, damage caused by leaf miner larvae19, 

spongy moth larvae20, winter moth larvae21, tussock moth larvae22



Insect Photo Credits

• 1E. Garofalo, 2Alan Eaton, Univ. of NH, 3E. Garofalo, 4NY State Ag 
Experiment Station, 5NY State Ag Experiment Station, 6MSU 
Extension, 7E. Garofalo, 8,9,10, 11NY State Ag Experiment Station, 12, 13, 

14E. Garofalo, 15Mid-Atlantic Orchard Monitoring Guide, 16Alan Eaton, 
Univ. of NH, 17, 18E. Garofalo, 19NY State Ag Experiment Station, 20, 

21Heather Faubert, URI Extension, 22E. Garofalo



Rotten Facts Identified

• Top row (left to right):
o Cedar apple rust symptoms on eastern red cedar1, nectria twig blight2, apple scab3, 

fireblight4, bitter rot5, powdery mildew6, crown gall7, sootyblotch flyspeck8

• Middle row (left to right):
o Marssonina9, apple mosaic virus10, black rot/frog eye11, blister spot12, dry eye/blossom end 

rot13, alternaria leaf blotch14

• Bottom row (left to right):
o White rot15, bitter pit, brooks fruit spot16, mucor rot17, nectria canker18, moldy core19, apple 

union necrosis20, blue mold21



Disease Photo Credits

• 1, 2, 3, 4, 5, 6 E. Garofalo, 7MSU Extension, 8, 9, 10E. Garofalo, 11William 
Turechek, USDA-ARS, 12Wayne Wilcox, Cornell Univ., 13E. Garofalo, 14

Turner Sutton, NC State Univ, 15Mid-Atlantic Orchard Monitoring 
Guide, 16Poliana Francescatto, 17Mid-Atlantic Orchard Monitoring 
Guide, 18Themis Michailides, Univ. of California, 19Alan Jones, MSU, 
20Mike Ellis, OSU, 21Mid-Atlantic Orchard Monitoring Guide, 22Dave 
Rosenberger, Cornell Univ.



We Got 99 Problems...



A Solid Foundation

• Site selection
oNo wet feet

o Full sun

• Reduce stress
o Ensure adequate H2O

oBalanced vigor



Integrated Pest Management

• A decision-based process involving coordinated use of multiple tactics 
for optimizing the control of all classes of pests (insects, pathogens, 
weeds, vertebrates) in an ecologically and economically sound 
manner.

                  -Dr. Ronald Prokopy, 2003

• Decrease overall input

• Increase efficacy of applications

• Minimize off target impact

• Grower confidence in adoption



What's in Your IPM Toolbox?

• Scouting
o observations of pest population or damage 

occurring directly on the host 

• Trapping
o use of a device, typically consisting of a sticky 

coated surface, often baited with a lure

• Monitoring
• checking your site to identify which pests are 

present, how many there are, or what 
damage they've caused

• Forecast models
• We’ll get into this later…



Economic Injury Level (EIL)

• “The lowest population density of a pest that will cause economic 
damage; or the amount of pest injury which will justify the cost of 
control.” 

      -Stern et al., 1959



Economic Threshold (aka Action Threshold)

• “The pest density at which control measures should be implemented 
to prevent it from reaching the Economic-injury Level (point where 
economic loss occurs).”

-Stern et al., 1959





Scouting: Insects

Plum curculio

Pear psylla



Scouting: Insects

• Pear psylla (incomplete metamorphosis)
• Overwinters as adult 

• Early egg laying

• Multiple overlapping generations

• Action threshold
• 25 spurs & terminals

• One nymph per three leaves



Trapping: Insects

• "Whoever is first in the field and awaits the enemy will 
be fresh for the fight.” –Sun Tzu, Art of War

Spotted wing drosophilaMultiple crawling pests

Multiple 
flying pests



Apple Maggot Fly



Red Sticky Sphere

• The “attract” in attract and 
kill

• Deploy in mid-June

• Mainly a visual cue
• Can be paired w/an 

olfactory “bait”

• Action threshold
• Unbaited 1-2 
• Baited 5

• Trap out
• 1 unbaited trap per tree
• Ex. Arbico Organics



From 2019 to 2021, apple growers who 
implemented an attract-and-kill strategy 

for apple maggot reduced their insecticide 
use between 64% and 75%.

Integrated Pest Management (IPM)



Grower standard

Insecticide + 
feeding 

stimulant Insecticide, 
no 

phagostimulant



• Over a 3-year period and across 26 commercial orchards across MA, NH, 
and ME, the new A-K system developed controlled apple maggot fly 
successfully. 

• Amount of insecticide used in A-K blocks was reduced by 75%, 64.7%, 
and 64.2% in 2019, 2020, and 2021, respectively, 



Scouting: Diseases

Apple scab

Bitter rot

Black rot



Disease Trapping? Yeah… But
Skill, time, equipment and patience.



Disease IPM

• Disease = the abnormal functioning of an organism.

 • Scab, black spot, 
mildew, 
anthracnose, mold, 
blight, leaf spot, 
rot, rust, canker…



Abiotic

Tract blight

BioticVS 

FireblightVS



Resistance
• Influenced by many factors 

• Cropping system 
• Pathogen 
• Fungicide
• Climate 
• Farmers' ability and willingness to use 

resistance management strategies



Resistance 
Management
• "Do not repeat the tactics 

which have gained you one 
victory but let your methods 
be regulated by the infinite 
variety of circumstances.”        
–Sun Tzu, Art of War

• Host genetics
• First step in preventing fungicide 

resistance

• ~57,000 genes contained w/in 
the apple genome
• More than twice that of humans



Cultural Controls

• Manage canopy density​

• Rootstock selection​

• Maintain healthy crops​

• Cultivar mixtures (interplanting)​

• Prune out infected tissue

• (crop) Host eradication

• Sanitation

• Alternate host removal

• Crop rotation​



Alternate Host Removal
• Cedar apple rust

• Eastern red cedar (Juniperus virginiana)



Sanitation

• Apple scab
• Leaf chopping

• Urea



Walking Peach Trees

Clemson Cooperative Extension



All Boxes 

• Three choices for further disease management
• 1: Cross your fingers and hope really, really hard

• 2: Spray fungicides willy nilly and hope you hit something accidentally on 
purpose

• 3: Make a targeted fungicide application 
• Efficient, effective



Know Thy Enemy

• Venturia inaequalis
• Aka apple scab

Primary 
infection

Secondary 
infection



Forecast Models
• An equation that spells out 

the relationship between 
factors that effect an 
organism and that organism’s 
response.
• Temperature, light 

intensity/duration, 
precipitation, humidity…

• Used to describe the 
likelihood of a biological or 
climatic event’s potential for 
occurrence and severity. ​



Decision Support Systems (DSS)

• Decision Support Systems (DSS) are online tools meant to provide 
information for effective, timely and efficient crop production 
decisions. ​

• Each DSS contains many different models. Often, risk forecast is 
determined by multiple models working in conjunction with one 
another. 

• Models contained in these DSS range from pest forecasting to 
horticultural activity timing.​



Anatomy of a DSS

• Example: apple scab



NEWA

•  NEWA.cornell.edu

• Free…ish

• Set up your account (free)

• Identify
• Favorite weather stations

• Preferred tools

• Cache biofix data

• Retrospective assessments

https://newa.cornell.edu/


Forecast Model: Apple Scab

Biofix: green tip, 
McIntosh 4/02/23

• NEWA
Model 1

Model 2



April 30, 2023



Where Rubber Meets the Road



NEWA- Plum Curculio

• Biofix: petal fall, Gala 5/14/24



Degree Day Accumulations

• Body



Management

• “A petal fall spray should control PC for ~10-14 days.”

• “In high pressure orchards, additional perimeter sprays should be 
made until the model indicates 



Multi-cultivar Grafted Trees as Perennial Trap Crop

• Dr. Jaime Piñero • Steve Wood • Jeremy Delisle • Jim Krupa

Stockbridge School of 
Agriculture

Poverty Lane, 
Farnum Hill

University of New 
Hampshire, Extension

UMass Cold Spring 
Orchard, retired



Multi-cultivar Grafted 
Trees as Perennial 
Trap Crop
• Inexpensive lure option

oPC lures $$$

• Seven total CVs

o"stock" tree

• Attract & kill

oAMF & PC



Relative Attractiveness to Plum Curculio



Plum Curculio Harvest Injury



PC Injury by Cultivar

• 9 MA orchards

• Most attractive:

o Red Astrachan

o Wickson

o Yellow transparent

o Ginger gold

o Liberty
• Dabinett... not so much



• Wickson ~60% injury

• Mac/Cortland 0.004%
• Highly attractive to AMF

• Excellent trap crop candidate

Harvest Survey-  AMF Oviposition Scars



AMF Survival Rate

• Percent infestation (scars) VS pupae found
• Wild population VS lab reared

AMF pupal recovery, calculated as the 
number of pupae obtained after six 
weeks of incubation based on the total 
of egg-laying scars recorded on Wickson 
apples on each date.



Conclusion

• "In warfare there are no constant 
conditions. They who can modify 
their tactics in relation to their 
opponents and thereby succeed in 
winning may be called a Heaven 
born Captain."  -Sun Tzu, Art of War

• IPM contributes to orchard 
sustainability by 
• First arming you with knowledge

• Second giving you the tools necessary 
to apply that knowledge 



Thank you! Questions?
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