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Apple Information Manager
AIM

!Apples were identified as a priority crop in all 6 
New England states under the IPM National 
Initiative, 1995-96.

! The AIM project specifically addressed grower-
identified apple extension and research needs in 
New England.

! Project Duration:  1997 – 2000



AIM Project Participants

!CT:  Lorraine Los and growers
!MA:  Dan Cooley, Art Tuttle, and growers
!ME:  Glen Koehler and growers
!NH:  William MacHardy and growers
!RI: Heather Faubert and growers
!VT:  Lorraine Berkett, Elena Garcia, Jon      

Clements, Gwen Neff, and growers   



1. Enhance apple IPM implementation in New 
England by developing the Apple Information 
Manager (AIM) -- a New England Apple IPM 
website.  [Extension]

2. Compare the relative performance of major 
apple pest models using remotely generated 
virtual weather data versus data collected on 
site.  [Research]

3. Increase awareness and knowledge among 
New England commercial apple growers of 
IPM web resources.  [Extension]

AIM Objectives



Accomplishments

Extension Objectives 

!AIM Development -
http://orchard.uvm.edu/aim/

!Increase Grower Awareness and 
Knowledge of IPM Web resources



AIM Website

1. Homepage: Serves as a ‘portal’ or 
‘gateway’ linking the various pages on the 
site









AIM Website

2. Weather: Linked to weather-related sites 
for each state including both general 
(i.e., public domain sites such as 
weather.com) and specific, site-related 
sites (i.e., ‘virtual data’ from Skybit®, 
i.e.,Zedex).













AIM Website

3. Newsletters: Linked to newsletters from 
each state’s IPM programs.





AIM Website

4. Decision support: Over the 1998 and 
1999 growing seasons, Orchard Radar, 
developed by Glen Koehler of the 
University of Maine, provided daily 
updates of site-specific apple IPM 
decision support models covering 
orchards in each New England state









Orchard Radar

!List of information/models available to 
each AIM orchard in each New England 
state.













Orchard Radar

! More specific example of plum curculio
information available to AIM growers









Orchard Radar

!Specific example of Apple Scab
information available to AIM growers











Orchard Radar

!Provided complete, integrated calendar of 
events for growing season







Orchard Radar

!Data on use/visits to Orchard Radar



New & Returning Users per month
1998-1999 Maine Apple IPM Program web site traffic, 

but largely driven by Radar pages.

Glen Koehler, Univ. of Maine



Visits per month
1999 Maine Apple IPM Program web site traffic, 

but largely driven by Radar pages.

Glen Koehler, Univ. of Maine



Average Visits per hour. 
1999 Maine Apple IPM Program web site traffic, 

but primarily due to Radar pages .

Glen Koehler, Univ. of Maine



Page requests per month
1999 Maine Apple IPM Program web site traffic, 

but largely driven by Radar pages.

Glen Koehler, Univ. of Maine



AIM Development
Participatory Process

! “AIM” growers in each state – provided 
input and evaluation

! New England Fruit Meetings and Trade 
Show 1997, 1998, 1999 – demonstrations, 
surveys, one-to-one discussions (largest 
gathering of growers and apple industry 
representatives in New England)

! Over 20 workshops and demonstrations 
across New England

! On-line feed back form which allowed 
instantaneous evaluation and comment on 
the website







Total
New 

Englanders

First Visit? Yes 56.5% 25.0%
No 43.5% 75.0%

Practice IPM? Yes 80.0% 90.0%
No 20.0% 10.0%

How useful?
1 =never useful      
4 =very useful 3.52 3.55

Have you used the IPM 
information in decision-
making? Yes 75.6% 85.0%

No 24.4% 15.0%

AIM On-Line Evaluation,  1999



Learn more about how to use 
IPM techniques Yes 81.8% 88.9%

No 9.1% 5.6%
Unsure 9.1% 5.6%

Increase your use of IPM 
techniques Yes 64.3% 77.8%

No 11.9% 5.6%
Unsure 23.8% 16.7%

Learn new IPM techniques Yes 71.4% 77.8%
No 9.5% 0.0%
Unsure 19.0% 22.2%

Increase your knowledge or 
understanding of Apple IPM Yes 86.0% 94.7%

No 9.3% 5.3%
Unsure 4.7% 0.0%

AIM On-Line Evaluation,  1999
Has the information obtained through this website allowed you to:



Reduce or minimize pesticide 
use Yes 69.8% 84.2%

No 9.3% 5.3%
Unsure 20.9% 10.5%

Determine if pesticides are 
needed in your orchard Yes 66.7% 94.4%

No 4.8% 0.0%
Unsure 28.6% 5.6%

Effectively time pesticides if 
they are needed Yes 71.4% 94.4%

No 4.8% 0.0%
Unsure 23.8% 5.6%

AIM On-Line Evaluation,  1999
Has the information obtained through this website allowed you to:



AIM Comments from Growers

! "… The AIM website has been a great help in choosing and timing of insecticides 
and fungicides.  Without the use of those I have been unsuccessful in getting good 
apples and pears.  The site has been very helpful in pointing me to other 
information."   (Maine, 1999)

! “I used orchard radar briefly last year, but have really been into it this year. The 
hourly weather chart is really helpful for weekly spraying decisions. Wind, temp, 
wetting is very helpful…Being able to print out charts and tables for scab 
management really increases the science in this.” (Vermont, 1999)

! ”Weekly and twice weekly updated information is useful” (Rhode Island, 1999)

! "… I think sites like this are going to become more important as the world learns that 
this kind of info is available.  Thanks in advance for your help…"  (Connecticut, 1999)

! “Keep feeding me this useful information!” (Massachusetts, 2000)



AIM Comments from Growers

! “Good site, will visit again”  (Bhutan, 1999)

! “I wish we had an equivalent site in England. An excellent and thoughtful site as 
well. Long may it continue and I hope that you are happy that an English grower is 
busy practicing your IPM; though we do operate it over here. However we lack 
such precise details that you offer. Thanks.” (United Kingdom, 1999)

! “I don't know IPM very well, But it looks like very informative for people who want 
to fine some valuable information in their interest subjects.”  (Turkey, 1999)

! “Great way to inform us the growers, especially of other countries.”  (Mexico, 
2000)

! “I hope you aren't considering discontinuing this site on the web.  It has been very 
helpful for me in controlling the many problems that occur in my orchard 
throughout the year.  I am convinced that the information I get from this site and 
others like it has helped me to grow high quality fruit and survive in these difficult 
economic times for fruit growers.” (Michigan 2000)



AIM   was cited in this 
publication as  a source 
of internet information 
for New England Apple 
growers



Accomplishments
Extension Objectives

! AIM was developed based on grower input and evolved according to 
grower feedback.

! Over the 1999 and 2000 growing seasons, over 95% of New England 
evaluators rated the IPM information associated with the AIM website 
as useful and, on average, 80% used the information in decision-
making. 

! 85% of New England growers reported that the AIM website increased 
their knowledge or understanding of Apple IPM.

! The information obtained through AIM also allowed New England apple 
growers to determine if pesticides were needed in their orchard and 
effectively time pesticides if they were needed, resulting in reduced or 
minimized pesticide use. 

!



AIM Research Objective:

!Glen Koehler, University of Maine

!Dan Cooley, University of Massachusetts

!William MacHardy,  University of New 
Hampshire



AIM Research Objective:

!Compare relative performance of major 
pest models using remotely generated 
virtual weather data versus weather data 
collected on site.  



Question:

! Would using remotely generated virtual  weather data in 
decision support models for apple scab, flyspeck, plum 
curculio, and European red mite result in the same 
model output and/or management decisions as would 
occur if the models were run with data from on-site 
monitoring equipment ?

[It would be desirable if the Zedex and on-site estimates were 
within the range of operational insignificance. That would 
suggest that operationally similar model estimates are achieved 
when using Zedex data or data acquired from an on-farm 
weather station.]



Models dealt with these apple problems



Models

!Apple Scab – infection periods, lesion 
appearance

!Flyspeck – re-spray intervals, final spray 
date

!European Red Mite – egg hatch date, 
generation time for re-sampling frequency

!Plum Curculio – management period, final 
spray date



Sources of Model Logic

!MacHardy, 1995; Gadoury and MacHardy, 1982; 
MacHardy and Gadoury, 1989;  Mills, 1944.

!Rosenberger, 1996.

!Reissig and Nyrop, 1994.

!Agnello et al., 1993, 1996; Herbert, 1981.



Source of Weather Data

! Skybit, Inc. (= Zedex, 
Inc.) 

!On-site ground units  
(14 orchards across 5 
states)



General Comments

!Zedex data are generated by interpolation of 
data from surrounding National Weather 
Service sites. 

!The on-site data came from ground units by 
different manufacturers and subject to 
different levels of maintenance. There was no 
replication of ground units at specific sites.



Important Issues:

! It was difficult to collect complete on-site 
weather data sets.  

!Out of 24 site-years, only eight sets were 
complete enough to make comparisons across 
most of the models. 

! On-site data sets required tedious quality 
control to remove flagrant errors.  

!Operating orchard models with Zedex, Inc. data 
was much less problematic.



Quick Overview of Results
! For the six models that track an accumulation of degree-days or 

rainfall over a period of 1–21 days, differences of two days or less
were arbitrarily classified as being with the range of operational 
insignificance.  

! For this group of models, differences in the paired model outputs 
were within the two-day 'range of operational insignificance' in 68%
of the cases. 

! The average of the ‘average absolute deviations’ (for each model 
pair) was 2.6 days.

! Only with the estimates of ERM generational time for re-sampling 
frequency was the onsite and Zedex-based model estimates within 
two days of each other in a high percentage of cases (99%).



Quick Overview of Results

!A seven-day 'range of operational insignificance' 
was selected for apple scab models that 
estimate infection period and symptom 
appearance dates over a two-month period.  

! For this group of models, differences in the 
paired model outputs were within the seven-day 
'range of operational insignificance' in 73% of 
the cases.  

! The average of the ‘average absolute deviations’
(for each model pair) was 5.2 days.



Flyspeck on apple

Details on specific disease and summary 
of  AIM research results

Dan Cooley, UMass



New England apple fungicides 
target scab and blemish 
diseases

April          May          June          July           August April          May          June          July           August SeptSept

Venturia inaequalis

Apple scab
Schizothyrium pomi;
Peltaster, Leptodontidium,
Geastrumia

Flyspeck and sooty blotch

Dan Cooley, UMass



4.1
4.4

2.8

4.8

3.5

4.6

0000

1111

2222

3333

4444

5555

Fu
ng

ic
id

e 
ap

pl
ic

at
io

ns

1994199419941994 1993199319931993 1992199219921992

Cover sprays Pre-cover sprays

Fungicide applications used under standard IPM over 3 years in 
6 apple orchards in Massachusetts

Fungicide use by season:
number of sprays

Dan Cooley, UMass



Flyspeck usually is more difficult to 
manage than sooty blotch
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Means of flyspeck and sooty blotch incidence from 8 commercial aMeans of flyspeck and sooty blotch incidence from 8 commercial apple pple 
blocks receiving summer fungicide sprays.blocks receiving summer fungicide sprays.

Dan Cooley, UMass



Ascomycete Ascomycete 
HolomorphHolomorph::
Schizothyrium pomiSchizothyrium pomi
((MontagneMontagne & Fries) & Fries) 
v.v. Arx Arx 
[[DothidealesDothideales::
SchizothyriaceaeSchizothyriaceae]]

Crushed ascocarp of S. pomi 
showing mature ascospores

The pathogen,
Schizothyrium pomi

Dan Cooley, UMass



AnamorphAnamorph: : 
Zygophiala jamaicensisZygophiala jamaicensis
E. MasonE. Mason

Stained  Z. jamaicensis
conidia from Rotorod trap

The pathogen,
Schizothyrium pomi

Dan Cooley, UMass



Alternative hosts

Flyspeck occurs on over Flyspeck occurs on over 
100 plant species in many 100 plant species in many 
genera.  Many of these genera.  Many of these 
plants, such as grape, plants, such as grape, 
maple, or blackberry, are maple, or blackberry, are 
commonly found in plants commonly found in plants 
at the borders of at the borders of 
commercial apple commercial apple 
orchards in New England.orchards in New England.

Dan Cooley, UMass



Flyspeck life cycle

Late May  through June  Late May  through June  
(early fruit formation)(early fruit formation)

Ascospores mature and Ascospores mature and 
are discharged in rain. are discharged in rain. 

Ascospores colonize Ascospores colonize 
cuticle tissue and grow.cuticle tissue and grow.

During periods of high humidity, During periods of high humidity, 
over several days, fungalover several days, fungal stromatastromata
("specks") develop.("specks") develop.

Late July through harvestLate July through harvest
Overwinters asOverwinters as
stromastroma on wild hostson wild hosts

Late May  through June Late May  through June 
(early fruit formation)(early fruit formation)

Mid June through harvestMid June through harvest

Conidia form on Conidia form on hyphaehyphae, , 
invisible to eye, spread invisible to eye, spread 
during rain, and cause new during rain, and cause new 
infections.infections.

PostPost--harvest through Aprilharvest through April Dan Cooley, UMass



Flyspeck management
!Present management is largely based on 

the calendar and convenience.
!IPM alternative for New England is under 

development, based on work by
!Rosenberger - model based on fungicide 

efficacy and retention, related to rainfall
!Sutton - predicts first appearance of 

symptoms based on wetting periods
!Lerner & Cooley - epidemiology indicates that 

ascospores are unimportant source of 
inoculum in commercial orchards.

Dan Cooley, UMass



New England flyspeck IPM

!Assumption 1: Inoculum that overwinters in 
the orchard is insignificant.  Studies indicate 
that the inoculum moves into orchards from 
the wild hosts along orchard borders. 
(Cooley)

!Assumption 2: Ascospores release during a 
discrete period, from about pink to 10 days 
after petal fall, and infections on fruit at this 
time are prevented by scab fungicides. 
(Lerner & Cooley)

Dan Cooley, UMass



New England flyspeck IPM

!Assumption 3: It takes about 270 hours of 
wetting for flyspeck to produce a new 
generation of conidia and new ascocarps, the 
“specks”. ( Sutton and others).

!Assumption 4: Fungicide efficacy against 
flyspeck decays as a function of time and rain 
wash off. Depending on the fungicide, this may 
take 2 to 3 in of rain, or a 14 to 28 day period. 
(Rosenberger)

Dan Cooley, UMass



New England flyspeck IPM
Very general rules
!Apply first fungicide strictly targeting flyspeck 

just before (captan and ziram) or within 100 
hrs after (benomyl and thiophanate methyl) 
the 270 hrs of wetting from 10 days after p.f.

!Apply subsequent fungicides according to 
weathering, determined by either time 
interval or rainfall.

!Apply last fungicide according to predicted 
harvest date, rainfall and time from last 
application.

Dan Cooley, UMass



Weather data needed for 
model

!Wetting periods - to calculate 270 hrs from fix 
at 10 days after petal fall.

!Rainfall - to determine amount of fungicide 
wash-off.

! Temperature -
!may be useful in refining 270 hr period; 
! in predicting the end of ascospore development;
! in predicting harvest and timing of last spray

Dan Cooley, UMass



Skybit / on-site comparison:
early analysis

! Flyspeck re-spray interval, calculated assuming 
use of captan 50W 1 lb/100 gal, re-applied 
when either the 14 day interval or the 2 in 
rainfall threshold was reached.

! Flyspeck initial spray date, calculated from 10 
days after petal fall using leaf wetness hours.

Dan Cooley, UMass



Skybit / on-site comparison:
re-spray intervals

!78 cases
!Average difference was 2.7 days
!In 67% of cases, dates were within 2 

days

Dan Cooley, UMass



Skybit / on-site comparison:
flyspeck initial spray

!30 cases
!Average difference was 12 days
!In 15% of cases, dates were within 2 

days

Dan Cooley, UMass



Some Additional General 
AIM Research Considerations

! If the on-site and Zedex-based estimates differ, it may 
be because the Zedex data were more accurate, or it 
could be the reverse, or they could both be off with the 
unknown true value lying between. 

! Another source of deviation could be from scale. Zedex
data represent the meteorological values for a 10 square 
kilometer area, while the on-site weather station is a 
single point estimate.  Skepticism about interpolated 
area values should be equally applied to extrapolation 
from single point estimates to represent conditions over 
200 acres of orchard.  



AIM ResearchSummary

!Operating models with on-site data was 
problematic.  

! In a high percentage of the cases, the on-site 
and Zedex-based model estimates were outside 
the set level of “operational insignificance.”

!Research was not designed to test 
consequences of management decisions based 
on model estimates from different weather 
sources.



Apple Information Manager
AIM

Final words ….

!AIM was  a multi-disciplinary, multi-state, 
extension/research project

!Growers were very involved in development and 
implementation

!AIM will continue as a gateway to New England 
Apple IPM information

http://orchard.uvm.edu/aim/


