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ABSTRACT

A major challenge in organic apple production in Vermont is the available
fungicide options for apple scab management. Tdredsird lime sulfur/sulfur fungicide
program used can be injurious to the applicator, the apple ecosystem, and the apple tree
itself. Because of these drawbacks of the standard program it is necessary to evaluate
potential alternative fungicides for orgar@pple production. The objectives of this study
were to: (i) compare the efficiency of potassium bicarbonate, neem oBaailtus
subtilisto a standard organic lime sulfur/sulfur fungicide program and spayed
treatment for control of apple scahd other fungal diseases; (ii) evaluate potentiat non
target impacts of these fungicidespest and beneficial insect populations; and (iii)
conduct a preliminary experiment evaluating the potential of raw milk as a fungicide in
organic apple production Vermont. Five treatments (potassium bicarbonate, neem oil,
Bacillus subtilis lime sulfur/sulfur, and a nesprayed treatment) were applied to
OEmpired trees arranged in a coteeol etely ra
replications at the Univetsi of Vermont Horticultural Research Center in South
Burlington, VT. Fungicides were applied with a handgun to drip, using maximum label
rates. Applications began on 26 April 2007 and 23 April 2008 and continued on
approximately a weekly schedule throupk end of June and then every two weeks
through 23 July 2007 and 17 July 2008, respectively. Data obtaineGamadyzed by
analysis of variance and significance be
Protected LSD Test (P O 0.05). None of
standard lime sulfur/sulfur fungicide program. The neem oil treatment showe
activity against apple diseases than the other alternative fungicides. Both the lime
sulfur/sulfur and neem oil treatments had disadvantages, including phytotoxic burning
and/or significantly more russetting on the fruit at harvest. The neereatitent had
significantly more fruit clean of insect damage than the other alternatives and the non
sprayed treatment in 2007 and more than all treatments in 2008, which is attributable to
its insecticidal properties. However, the insect managementifremeem oil treatment
was not commercially acceptable. The overall quality of the fruit was not at
commercially acceptable level®No treatment had above 40% of the harvested fruit
placed in marketable grade$his research shows that potassium biczabmBacillus
subtilis, and neem oil do not offer substantial advantages over the standard lime
sulfur/sulfur fungicide program in organic apple production in Vermont. In a preliminary
study at the University of Vermont Horticultural Research Centegftloéency of a
30% v/v raw milk dilution was compared to a reprayed treatment. Treatments were
applied to 6Mclntoshd trees in a-treeompl et el
replications. Milk applications were made on approximately a weeklydsle from 26
Apr 2007 to the end of June and every two weeks through 23 Jul 2007. Overall, milk did
not provide management of disease and caused premature leaf yellowing and defoliation
of the apple trees.
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CHAPTER 1. COMPREHENSIVE LITERATURE REVIEW

INTRODUCTION

TheUnited State Department of Agriculturd$DA) National Organic Standards
Board (NOSB) defined organic agriculture as "an ecological production management
system that promotes and enhances biodivetsibyogical cycles, and soil biological
activity. It is based on minimal use of g&rm inputs and on management practices that
restore, maintain, or enhance ecol ogi cal h
agriculture is to optimize the health and produtief interdependent communities of
soil life, plants, animals and peoplgl). The production system is managed with only
materials approved as organic by the USDA and the National Organic Program (NOP).
A National List of Allowed and Prohibited Substes was established under the Organic
Foods Production Act of 1990, enacted under Title 21 of the 1990 Farm Bill (25). Most
approved materialsarensny nt het i ¢, or termed finatural 0,
The list indicates what synthetic magdsi are allowed and what nggnthetic materials
(i .e., fAnat uprchibited 6@aE &®ac h adtsgt eG organi c cer
produce their own stricter, but not more lenient, list of approved materials for organic
production. For exampl¢he Northeast Organic Farming Association (NOFA) and its
specific state chapters oversee the approved materials for New England and New York
(62).

The Northeast Organic Farming Association also has organizations in each state

that are accredited by th#SDA to verify that agricultural products are raised according
1



to the organic standards. Vermont Organic Farmers is the certification branch of NOFA
VT that certifies farmers as organic producers, which ensures that the NOP standards
have been met for éhrequired three year period prior to certification. The standards state
that all inputs and practices used in the three years prior to certification must be in
accordance with the national and state list of approved materials and practices.

Organic agculture has increased significantly over recent ye28s63). More
than 120 countries around the world have certified organic farms, and even more
countries have farmmanaged with organic practices but are not certified (93). Almost
77 million acreg31 million ha) are currently managed organically, which is 0.7% of the
agricultural land in the countries that were surveyed (93). Along with the United States,
Australia, Argentina, and China are among the countries with the most certified organic
land; Europe has the highest proportion of organic farms compared to conventionally
managed land (93). In 2005, all 50 states in the U.S. had some certified organic
farmland, totaling over 4 million acres (1.6 million ha) (19). California is the leading
statein certified organic cropland, with over 220,000 acres (89,000 ha), mostly for fruit
and vegetable production (19).

Global sales of organic food and drink have increased by 43%, from $23 billion in
2002 to $33 billion in 2005, and it was estimated #ade¢s reached $40 billion in 2006
(93). Inthe U.S., sales of organic food and beverages have grown from $1 billion in
1990 to an estimated $20 billion in 2007, and were projected to reach $23 billion in 2008

(63).



Organic apples are among the top fivesfr fruits purchased in the U.S. and per
capita spending oorganic apples ranks behind only organic tomatoes and carrots (79).
The U.S. apple crop, both organic and standard/entional, was valued between $1 and
$2 billion dollars from 2002007 (58). Four thousand metric tons (nine million pounds)
of apples were harvested in 2007 and 4,500 metric tons (10 million pounds) were
harvested in 2008 in the United States (57). In terms of organic apples, California and
Washington are the biggest producdrsrmganic apples in the U.S. In 2005, California
had about 3,400 of the 12,772 acres (1,375 of 5,169 ha) of organic apples in the U.S.
(19) . Washington state has more that half
over 6,600 acres (2,671 ha)arfjanic apple orchards in 2005 (19).

Apples are one of the most popular crops in New England, with over 19,000 total
acres (7,689 ha) (56). There were only about 150 acres (61 ha) of organic apple orchards
throughout New England in 2005 although thiseage was expected to have increased
by 2008 (19).

In Vermont, apples are one of the major crops, with 156 farms having bearing
apple trees and 3,418 acres (1,383 ha) of agricultural land in@pplection (B).

However, the percentage of this acredigat is in organic apple production is very small.
There are many challenges facing organic apple production in Vermont and therefore,
only 5 apple orchards are organically certified in the state (17). A major limitation to
organic apple production tee available fungicide options for management of apple
scab, which is one of the most important apple diseases in New E¢ifad8). Apple

scab is caused by the funguenturia inaequaligCooke) Wint., and can have
3



devastatingesults, including a deease in fruit quality and yield. Severe foliar infection
can lead to premature defoliation and reduced tree vigor, which in turn may restrict or
prevent formation of fruit buds for the following year. Fruit infection causes deformities,
cracks, and fra drop (39). There are Integrated Pest Management (IPM) methods to
reduce inoculum; however, disease management on scab susceptible cultivars requires
fungicide use.

There are a number of fungicides which are organically approved by NOFA of
Vermont. The fungicides containing copper, sulfur, or lime sulfur as active ingredients
are the most commonly used in organic apple production systems in the United States
(13). Historically, one of the first fungicides used against apple scab in the U.S. was
Bordeaux mixture, a solution of copper sulfate and lime (47). Howeosmper and lime
sulfur- based fungicides are highly caustic. Both are registered as Category | pesticides,
the most toxic class, and a(2®. Sularisel ed wi t h
registerechs aCategory lllpesticide the least toxic class, but sulfur is onfed as
Af ai r affeciivenesg@dainst apple scab. Sulfur is a contact fungicide with only weak
protectiveactivity (22, 44).

Liquid lime sulfur was a highly recomended fungicide in the early twentieth
century and was effective as a protectant fungicide, and could also be used to eradicate
established infections (31). However, it can be injurious to the tree and can result in
lower fruityields (47). Consequenj] wettablesulfur fungicides replaced lime sulfur
even though they were less effective and lacked the eradicative capability of lime sulfur

(47).



Copperbased fungicides can be highly phytotoxic when applied in apple
orchards.The 2008 Cornell Universi Pest Management Guidelines for Commercial
TreeFruit Productiorcautionsthatcopper applied to apples between hath green and
bloom may cause fruit russettirgnd applications after bloom through the beginning of
Julymaycause blackening at theriticels. Applications of copper for summer diseases
also may cause severe fruit discoloration of yeltmtivars (1). Inaddition, he use of
copper in agricultural systems poses environmental risks. The use of Bordeaux mixture
as the main fungicidegatment in French vineyards caused the metal to accumulate in
the soil (6). A study by Kaplan40) in Turkey, found critically high levels of
accumulated copper in soils of tomato greenhouses, where eappaming fertilizers,
fungicides, and bacteries were used for decadd&Sopper fungicides used in avocado
orchards were found to be detrimental to phylloplane microorganisms that played a key
role in suppression of a disease causing fun@abetotrichum gloeosporioideasingle
copperfungicide pray on a previously nesprayed avocado tree reduced populations of
beneficial filamentous fungi, yeasts, and bacteria that played a role in foliar disease
suppression (81)In addition, accumulations of heavy metals like copjagrhave
negative effectsn the earthworm populations in the sdil.field experiments in
southeastern United Kingdom, copper i@asd to significantly influence earthworm
reproduction andompromise lysosomal membrane stability when the organisms were
exposed to the metal sutdoor conditions @). A copper oxychloride fungicide was
found to decrease the growth and survival of earthworms in South African vineyards

(20). It must be remembered that these results in different crops could be due to copper
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exposure much greattdran in apple orchards treated with coppentaining fungicides.
However, these studies suggest the possibility and risk of copper accumulation and
toxicity to microorganisms in ecosystems in which coppmeitaining materials are used
repeatedly.

Lime sulfur and sulfur also have nearget effects on beneficial organisms. An
elemental sulfubased fungicide was found to reduce the numbers of a stigmaeid mite,
Zetzellia mali(Ewing), a predator of the European red nftanonychus ulmiKoch) in
apple echardg(37). In another study on potted apple rootstocks in the Netherlands,
wettable sulfur (0.25%) was found to have a 90% mortality rate on the predatory mites,
Typhlodromus tilia®©udms. and’yphlodromus tiliarun©udms. (90). Sulfur and lime
sulfurapplications in apple orchards in Nova Scotia were found to reduce numbers of
predatory mites in the subclass Acarina and practically eliminate populations of the
mussel scale parasit@phytis mytilaspidigLe Baron); wettable sulfur reduced numbers
of predatory insects in the Miridae family and predacious thrips, as well (50). Also in
Nova Scotia, sulfur applications were found to drastically reduce numbers of the
mealybug destroyeCryptolaemus montrouziekluls. in addition to species of parasitic
Hymenoptera (49). Sulfur has also been shown to have negative impacts on beneficial
organisms in other crops. Sulfur sprays in a noncommercial vineyard were shown to
reduce thévietaseiulus occidentaligredator mite populations throughout the season and
overthewinter (9). Sulfur applied repeatedly as a fungicide for powdery mildew control
in a previously abandoned vineyard in Washington State had direct suppressive effects on

both pest and predatonyites €9).



Lime sulfur has some additional nterget efects on fruit production. Liquid
lime sulfur (LS, calcium polysulfate) is frequently used as a bloom thinning agent in
organic apple systems in countries where its use is permitted, and is increasingly being
used in nororganic production systems for ti@mepurpose (8). McArtneyet al (52)
determined that treatments of lime sulfur during bloom inhibited embryo germination by
decreasing the number of pollen tubes per flower resulting in reduced fruit set. The exact
mode of action is not known, butlBu sprays mayeduce pollen germination in apples
(46). This is beneficial whethinning effects aréesirable, but the lime sulfur
concentrations that are most effectagainst scab produce thessults ().

It was alsdound that lime sulfur suppssed the ratef light-saturated
photosynthesis, contributing to the thinning respdb2e64, 8). It has been shown that
using lime sulfur (applied at 1L/100L) or sulfur (applied at 180g/100L) as a fungicide
over the whole season can reduce photogysth s of O0Braeburndé appl e
mid-summer (@). Burrell (8) foundthat photosynthesis was reduced for a few days after
lime sulfur applications and the applications may cause visible scorching of the leaves;
low-vigor trees had poor ability t@cover from these phytotoxic effects of the fungicide.
Burrell explains the grower must decide whether the risk of scab is sufficient to offset the
anticipated injury of lime sulfur.

Palmiter and Smock & foundthat sulfur fungicide treatments caddeuit
injury, with 12 percent of the harvested fruit showing symptoms of phytotoxicity (i.e.,
russetting). Holket al. (36) evaluated the efficacy and phytotoxiafylime sulfur in

organic apple production and found lime sulfur, applied either cetatdr preventively
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(at 0.752%), significantly lowered scab damage on leaves and fruit compared to 0.5%
wettable sulfur treatments. However, all curative lime sulfur treatment2%d) Showed
high phytotoxicity, in the form of fruit russetting and |e&icroses, and reduced leaf size
and fruit yield. The preventative treatments did not decrease fruit yield compared to
wettable sulfur, but fruit quality was significantly less in the lime sulfur treatments.

Because of the potential noarget impacts ofurrently used organically

approved fungicides on apple trees and the surrounding ecosystem, it is important to
evaluate alternative fungicides for apple disease management in Vermont. There are a
number of other fungicides approved and registered garic apple production in

Vermont by the USDA and Environmental Protection Agency; however, there are few
tests of their performance in the Northeast. It is important with the increasing growth of
organic apple production to provide growers and the relseammunity with

evaluations of fungicides currently on the market.

The objectives of this study were:

1. To evaluate the efficacy of alternative fungicides (potassium bicarbonate
Bacillus subtilis and neem oil) against apple scab and other apple diseases
comparedo a standard lime sulfur/sulfur fungicide program.

2. To evaluate the potential naarget effects of the fungicide treatments on
beneficial and harmful arthropod pest populations.

3. To conduct a preliminary experiment evaluating the potential of rilkev m

as a fungicide in organic apple production in Vermont.



APPLE DISEASE MANAGEMENT

The National Integrated Pest Managem(@i) Forumd e f i ne dthd PM as
coordinated use of pest and environmental information along with available pest control
methods, ncluding cultural, biological, genetic and chemical methods, to prevent
unacceptable levels of pest damage by the most economical means, and with the least
possible hazard to people, property, andethev i r o n9ndntegrategeshd
managemens a hoistic, ecologicalappro@h, based on knowledge of the crtie life
cycles of pests, and knowledge of other organisms that influence an agricultural
ecosystem. Integrated pest management is an important component of sustainable
agriculture, which is anoenomically viable, environmentally sound, and socially
acceptable form of farming (18). Organic integrated pest management follows the
traditional IPM approach, but uses only organicalbproved materials and practices.

Apple ecosystems harbor many geshd therefore, intensive management is
necessary to produce marketable fruit. A cornerstone of IPM is the application of
knowledge of the arthropods, pathogens, and surrounding environment to manage pests
below threshold levels. The foundation of dseamanagement is knowledge of the
virulent pathogen, the susceptible host plant, and the type of environment favorable for
disease development (i.e., the disease triangle). All components of the disease triangle
must be present for disease developmenthaltultural, mechanical, and chemical
disease management practices target at least one component of the triangle to manage

disease. For example, planting disease resistant cultivars or applications of fungicides

9
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target the pathogen; proper pruning alklowore air and light penetration into the canopy
making the environment less favorable for disease development; and, providing
appropriate nutrition for balanced and healthy growth may lower the susceptibility of the
plant to disease. Based on knowledfjthe pathogen(s), host plant, and environmental
conditions that influence the pathogglant interaction, the most appropriate cultural,
mechanical, and/or chemical practices are chosen to successfully manage disease using
an integrated approach.

One ofthe most important diseases and one of the greatest threats to New
England orchards is appeab (4, 11, 13). Applescab is caused by the fungéenturia
inaequalis(Cooke) Wint., and can have devastating results, including decrease in fruit
quality ard yield. Severe foliar infection can lead to premature defoliation and reduced
tree vigor, which in turn may restrict or prevent formation of fruit buds for the following
year. Fruit infection causes deformities, cracks, and fruit drop (39). Fungaduepve
fruiting bodies, pseudothecia, are produced in the fallen, infected leaves in the autumn,
and overwinter in the leaf litter on the orchard floor. In the spring, mature ascospores are
produced in these pseudothecia and are released into thedosdtear there is sufficient
rain (47). The duratiorof the primary scab season (i.e., period when ascospores are
released) in any one year depends on temperatures and frequency of rain and generally
lasts about @ weeks (11, 13). Therobability of the éscharged ascospores causing
infection depends on temperature and length of time susceptible tissue remains wet. The
scab lesions that result from the ascospore infection are important because the lesions

produce asexual spores, conidia, that are sprgaaitband heavy dew to susceptible
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tissue on the same tree or to other trees and can continue to produce lesions over the
duration of the growing season. These additiorfattions, secondary infections, are
characteristic of the polycyclic disease eyof apple scab {@.

The overall disease management program in New England apple orchards is often
driven by the management of apple scab. The risk of apple scab can be reduced by
planting orchards away from potentialinaequalignoculum sources,ke nonsprayed
orchards with susceptible cultivars or susceptible crabapple trees. Scab resistant cultivars
are an example of genetic management of the disease (22). There are a number of scab
resistant cultivars available that produce fruit of comm#ycaeceptable quality. Some
growers and retailers are reluctant to dedicate time, space and money to these newer
cultivars because consumers are loyal to theitiote favorite varieties. However, taste
panel evaluations conducted by Sustainable AliticeiResearch and Education (SARE)
project participants around the northeastern United States indicate increasing consumer
acceptance of scab resistant cultivars (53). Some of these cultivars are resistant to other
apple diseases such as powdery mildeadpsphaera leucotrich@llis & Everh.)

Salmon,), cedar apple ru&ymnosporangium juniperiirginianae(Schwein)), and fire
blight (Erwinia amylovoraBurrill)), adding to their possibilities in organic and reduced
fungicide production. However, mostad resistant cultivars are susceptible to summer
diseases including fruit rot86tryosphaeriaspp. andColletotrichumspp.), and sooty
blotch (caused by the compldXeltaster fructicolgJohnson, Sutton, Hodges);
Geastrumia polystigmatyB8atista & M.L.Farr);Leptodontium elatu§s. Mangenot) De

Hoog; andGloeodes pomigen@chwein) Colby, and flyspeckZygophiala jamaicensi
11



(E. Mason), and therefore, disease management is still necessary (53). In addition,
disease management practices on scaltaasisultivars, should take into consideration
the development of new strains\&énturia inaequaligCooke) Wint. that may be
virulent on the cultivars resistant to only one strain of the pathogen (66).

Integrated management of apple scab includearalilhnd biological practices to
reduce the pathogen populations. For example, flail mowing or mulching the leaf litter
under trees reduces overwintering inoculunv ahaequalis(47, 83). Applicationsof
urea to the leaf litter in November or April temks the amount of ascospores in the
orchard during the primary ascospore season and thus can help to reduce the number of
lesions on leaves and fr&3). Pruning in combination with fungicide use has been
shown to significantly decrease leaf scab bseatimproved spray deposition in the tree
canopy (3). Biologicalcontrol methods are being researched to manage diseases. For
example Microsphaeropsis ochracggarisse & Bernier), a coelomycete isolated from
dead apple leaves, has been shown tocesthe inoculum o¥enturia inaequalisvhen
applied in late summer and used in conjunction with a delayed fungi@deam (10).
However, this potential biological control method is not commercially available yet.
These cultural and potential biologigakctices would have to be used in combination
with a fungicide spray program and are not solely sufficient for management of apple
scab to commercially acceptalidwels (4).

Determining if and when measures of control are necessary for scab disease

maragement depends on estimations of inoculum levels and monitoring of weather

conditions. To predict the orchardds inoc
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dose (PAD) is estimated. Potential ascospore dose is the predicted number of ascospores
that would be produced per square meter of the orchard floor during primary scab season.
Scab risk is estimated by counting the number of scabbed leaves on 10 shoots from each
of 60 trees. If less than 50 leaves with lesions are counted, the orcbanditered at
Al ow risko and the first fungicide spray c¢
infection periods have ocurred, whichever comes @35t 73). Duringthe growing
season, monitoring for disease potential, in general, is highgndient on observing the
weather conditions in the orchard. The key to managing diseases, such as apple scab, is
preventing primary infections. Therefore, it is important to determine when an infection
period has occurred, which takes into account thgpésature and number of hours of
leaf wetness to determine if the minimum conditions have been met for infection to occur
(54, 48).

The timing of fungicide applications targeted at primary scab infections to
prevent initial infections and reduce thetgntial for disease development later in the
growing season. In the spring, ascospore maturity can be estimated using the ascospore
maturity model (26) . This all ows for the
ascospores that have matured basethe accumulation of degree days prior to the start
of a wetness period in which these ascospores would be released. Degage days
calculated as the number of degrees the average daily temperature is°@b(26).0 The
ascospore maturity model estites when the peak release of ascospores will occur and
when the last ascospores are released and therefore, when the primary scab season is

complete and the intervals between fungicide applications can be extended, or
13



applications are no longer necessétiiere are no lesions present to produce secondary
inoculum (i.e., conidia) in the orchard.

Fungicide applications for apple scab management, depending on what fungicides
are used, may also contribute to management of other important apple disdadegjinc
cedar apple rust; black rd@tryosphaeria obtus¢schwein.) Shoemaker); and the
summer diseases of sooty blotch and flyspeck. These diseases can cause economic
damage to the fruit and fungicide applications are often necessary. Cedar apple rust
caused bysymnosporangium junipesirginianae(Schwein) fungus, requires two hosts:
the apple tree and a red cedar tree. The disease causes yellow and orange leaf spots and
fruit lesions; defoliation can occur when the tree is severely infe88@g). Blackrot,
also called frogeye leaf spot on the foliage of apple trees, is caused by the fungus
Botryosphaeria obtus¢schwein.) Shoemaker. Leaf infections begin as purple lesions
that then become brown i n t heinfeceedleaésr , rese
will become chlorotic and defoliation occurs. Fruit infections result in firm rot lesions
that render the fruit unmarketable (39). Sooty blotch, caogéte complexof fungi
(Peltaster fructicolglJohnson, Sutton, Hodge§)pastrumia plystigmatugBatista &
M.L. Farr); Leptodontium elatu€G. Mangenot) De Hoog; ar@loeodes pomigena
(Schwein) Colbyyesults in topical blemishes on the fruit reducing the qualitiiefruit
atharvest (8, 21). The other summer disease, flyspeck, whscbaused by ygophiala
jamaicenss (E. Mason), also produces topical symptoms that reduce fruit quality (39,

21).
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In addition to target impacts on other diseases, the fungicide applications
necessary in integrated apple scab disease management caorrtarget impacts on
arthropods present within the apple ecosystéummngicides which have been used in IPM
orchards such as mancozeb, benomyl, and captan have been found to reduce numbers of
predacious and phytophagous mites in apple orchards (5, 51FG82yicides most
commonly used in organic apple production, lime sulfur and sulfur, also hasanget
effects on arthropods. As previously mentioned, sulfur and lime sulfur have been found
to reduce the numbers of predator mites and insects (330949).

The potential nostarget arthropod impacts of alternative fungicides for organic
apple production are unknown. An objective of this experiment was to evaluate the
possible impacts of the alternatives on the following arthropods and/or theiretainag
spotted tentiform leafminePgyllonorycter blancardellgFabr.)) or apple blotch
leafminer Phyllonorycter crataegell@Clemens))Jlyonetia leafminer (Lepidoptera:
Lyonetiidae) green apple aphidhphis pom); European red mitdP@nonychus ulmi
(Koch)), two-spotted spider miteletranychus urticaékoch)); white apple leafhopper
(Typhlocyba pomari@McAtee)), potato leafhoppelEmpoasca faba@Harris)) Japanese
beetle damagdPppillia japonica(Newman)) European apple sawflyHpplocampa
testudina (Klug)); plum curculio Conotrachelus nenuphdHerbst); tarnished plant
bug Lygus lineolarigPalisot de Beauvois)); apple maggot fRh@goletis pomonella
(Walsh));stink bug Hemiptera: Pentatomidae); and internal and surface feeding
Lepidoptera,ncluding codling moth@ydia pomonellgL.), oriental fruit moth

(Grapholita molestgdBusck), and lesser applewor@réapholita prunivora(Walsh). Part
15



of the objective of this study was to also evaluate potential impacts of the alternatives on
beneficialarthropods includingady beetle adultéColeoptera: Coccinellidaglhdy
beetle larvae, cecidomyiid larv@@iptera: Cecidomyiidagygyrphid fly larvagDiptera:

Syrphidae)and chrysopid egg®leuroptera: Chrysopidae).
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POTENTIAL ALTERNATIVE FUNGICIDES FOR ORGANIC APPLE PRODUCTION

Since the standard materials used in organic apple production (i.e., lime sulfur and
sulfur fungicides) can have adverse fiarget impacts on the apple trees and the orchard
ecosystem, it is important to evaluate theaffeness of alternatives. Some potential
alternatives currently available and approved for organic apple production are potassium
bicarbonate (Armicafbé O @acillus subtilis(Serenad® MAX), neem oil (Trilogy®),

and milk.

Potassium bicarbonate,ime f or mul at i 8 whicAwasusedanrtis @i O0

research studyyas removed from the national and Vermont state list of organically
approved materials in 2008. However, other potassium bicarbonate materials such as
Kaligreerf and Milstoff, are curratly on the national and Vermont lists of approved
materials for organic apple production. According to the iefghemical Company

| abel and Materi al and S% theforpulafioa haavergh e et
low to no mammalian acute toxicity@mo mammalian chronic toxicity risk (34). A
preliminary study has shown potassium bicarbonate to significantly control apple scab
and sooty blotch in Switzerland orchards (85). In a two yeay Tieaghmet al. (85) found
severe stunting in trees aftérd applications of 1% potassium bicarbonate, but
concentrations of 0.5% showed no stunting and no other phytotoxic symptoms. The
efficacy of the lower concentration of potassium bicarbonate was as good as the control
treatments of sulfur. Potassium bizanate has also been shown to have antifungal

properties against powdery mildew disease in other cr8pstherKopperlet al (77)
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found potassium bicarbonate, sulfur, and seaweed extract to significantly reduce powdery
mildew, Podosphaera xanth{formerly known asSphaerotheca fuligine&chlech ex Fr.
Poll.) in Beit Alpha cucumberLunden and Grove & foundreductions in powdery
mildew in grapesUncinula necato(Schwein) Burrill with potassium bicarbonate
treatments, although, it was not as effects sulfur fungicides treatments.

A second potential fungicide alternativeBiacillus subtilis a soitborne
bacterium that secretes antifungal and antibacterial metabolites which are toxic to many
fungi, including those commonly found on apple lesave( 8 4 ) . A study on
6Gol den Deliciousd, o6Staymand, O6Cortl and?éd,
Bacillus subtilis along with one early copper spray, to significantly reduce the percent
incidence and severity of apple scab compareddambntreated water check (88). In
addition, a study on 6Jonag&Madcommoaes f oun
formulation ofBacillus subtili$ with an enhancing adjuvant, Biotune, to have a
significant effect on incidence of sooty blotch andglysk compared to the na@prayed
control (12). In the laBacillus subtilishas been found to reduce pbsirvest infections
of grey mold on apples caused Bgtrytis cineregpers.) ex Fr. (86).

Extracts from the neem tre&zadirachta indicahave atifungal properties as
well. Neem seed oil was found to be as effective as calcium chloride in controlling
Botrytis cineregpers.) ex Fr.Penicillium expansurithom., andslomerella cingulata
(Ston.) Spauld. & Schrenk, which cause the postharvest aigplesds of gray mold, blue
mold, and bitter rot, respectively (55). On barlegul and Sharma Thfound neem leaf

extract provided control of the leaf stripe pathodemechslera gramineaand that it was
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as effective as the conventional control. Tieatied leaves also had increased enzyme
activity and accumulation of fungitoxjhenolic compounds, increasingthe r | ey 0 s
defense against the pathogen. Extract from the neem seed kernel controlled powdery
mildews as well as sulfur on zucchini, barleylavheat Sphaerotheca fuliginea,
Erysiphe graminig. sp.tritici, andErysiphe graminid. sp.hordei,respectively) (3).

Other possible alternative materials with antifungal properties are milk and whey.
The lactoperoxidase system in milk has antinb@abproperties. The peroxidase
oxidizes available halides or thiocyanate to reactive oxidizing compounds, which attach
sulfhydryl groups in essential proteins in microbes, such as (dhge8). In a study of
the mode of action of milk and whey in tbentrol of grapevine powdery mildewrisp
et al.(16) showedhat the milk produced oxygen radicals when exposed to natural light
and this, in conjunction with the action of lactoferrin (an antimicrobial component of
milk), collapsed the hyphae and dam@gee conidia oErysiphe (Uncinula) necator
(Schwein) Burrill. Exposure of milk to the ultraviolet radiation in sunlight resulted in the
reduction of oxygen to superoxide anion, which is highbctive (2). Milk and whey
have been found to effectiveiyeat grapevine powdery milde®rysiphe (Uncinula)
necator(Schwein) Burril| (70, 15, 3). Pscheidt and Kenyor7Q) foundwhey powder
applied 12.5 to 19 Ib per acre (24.3 kg per ha) significantly reduced the severity of
powdery mildew on leaves antlisters compared to ndreated and water treatments.
Crispet al (15) testedhe efficacy of milk, whey, and sulfur against grapevine powdery
mildew in Australia. All test materials significantly reduced the severity of powdery

mildew on leaves and bahes compared to ndreated vines. There was no significant
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difference in severity of the disease on vine leaves sprayed with milk, whey, or sulfur.
Hed and Travis @ foundwhole milk (20%) provided control of powdery mildew on
Concord grapes that watatistically superior to the water check and equivalent to the
conventional fungicide program.

In addition,Bettiol (4) foundmilk to be an effective alternative for control of
powdery mildew on zucchini squasPpdosphaera xanth{formerly known as
Sphaerotheca fuligine&chlech ex Fr. Poll.), in greenhouse conditions. Milk applied
twice a week at concentrations of 10% and higher controlled powdery mildew at least as
effectively as the conventional fungicides, fenarimol and benomyl. Mold grew on the
upper surfaces of leaves treated with 30% and higher, but the plants did not appear to be
injured. The main toxicity risk associated with milk and other dairy products is the
potential that they are allergens to some hunj2ds

Few or no known studids date document the efficacy of these alternatives
(potassium bicarbonatBacillussubtilis, and neem oil) on apple diseasedlew
England; therefore the objective of the proposed research projeevaltate the
efficacy of alternative fungicidgsreviously approved and on the market for organic
apple production in Vermont and investigate the potential of milk as a possible

alternative.
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CHAPTER 2. JOURNAL ARTICLE

EVALUATION OF ALTERNATIVE FUNGICIDES FOR ORGANIC APPLE
PRODUCTION IN VERMONT

M. L. Cromwell, L.P. Berkett, H.M. Darby, Department of Plant and Soil Science, and
T. Ashikaga, Medical Biostatistics, University of Vermont, Burlington, VT 05405

Abstract

A major challengén organic apple production in Vermont is the available
fungicide options for apple scab management. The standard lime sulfur/sulfur fungicide
program can be injurious to the applicator, the apple ecosystem, and the apple tree itself.
Because of these awvbacks of the standard program, it is necessary to evaluate potential
alternative fungicides for organic apple production. The objective of this study was to
compare the efficiency of potassium bicarbonate, neem oiBaailus subtilisto a
standard manic lime sulfur/sulfur fungicide program and a fspmayed treatment for
control of apple scab and other fungal diseases and to evaluate potentaigaedn
impacts on pest and beneficial arthropod populatidmeatments were applied to
0 Emp i rsaréangedrireaccompletely randomized design with five singée
replications at the University of Vermont Horticultural Research Center in South
Burlington, VT. Fungicides were applied with a handgun to drip, using maximum label
rates. During two groing seasons, applications began on 26 April 2007 and 23 April
2008 and continued on approximately a weekly schedule through the end of June and
then every two weeks through 23 July 2007 and 17 July 2008, respectively. Data
obtained were analyzed by anadysf variance and significance between means was
determined by Fisherdés Protected LSD Test
disease as well as the standard lime sulfur/sulfur fungicide programneem oll
treatmenshowed more activity agest apple diseaséan the other alternative
fungicides However, both the lime sulfur/sulfur and neem oil treatments had
disadvantages, including phytotoxic burning and/or significantly more russetting on the
fruit at harvest. Although no significadifferences of European red mite populations
were found among the treatments in either year, thespotted spider mites were
numerically higher in the lime sulfur/sulfur treatment than all other treatments in 2007
and significantly higher in 2008. Howew predatory mites were not assessed and very
low levels of other beneficial organisms weteserved and therefore, no assumpticars
be made on the potential impact of lime sulfur/sulfur or the other alternatives on
beneficial populationsThe overallquality of the fruit was not at commercially
acceptable levelsNo treatment had above 40% of the harvested fruit placed in
marketable gradesThis research shows that potassium bicarboBatei)lus subtilis and
neem oil do not offer substantial advages over the standard lime sulfur/sulfur
fungicide program in organic apple production in Vermont.
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INTRODUCTION

A major limitation to organic apple production in Vermont is the available
fungicide options for apple scab management. Apple schimgaldisease caused by
Venturia inaequaligCooke) Wint., is a major disease of apples in New England. Apple
scab is one of the greatest threats to New England orchards and can have devastating
results, including decrease in fruit quality ameld (21, 6). Fruit infection causes
deformities, cracks, and fruit drop. Severe foliar infection can lead to premature
defoliation and reduced tree vigor, which in turn may restrict or prevent formation of fruit
buds for the followingyear (16). Therare integrategpest management methods to
reduce inoculum; however, disease management on scab susceptible cultivars requires
fungicide use.

There are a number of fungicides which are organically approvéteby
Northeast Organic Farming AssociatiofifFA) of Vermont The fungicides containing
sulfur or lime sulfur active ingredients are the most commonly used ag&nstiria
inaequalisin organic apple productiosystems (6).However lime sulfurbased
fungicides are highlgaustic (8).Sulfur-based materials areds caustic to the applicator,
but are less effective, with only weak protective activity against suple (7, 18, 6).

Liquid lime sulfur was a highly recommended fungicide in the early twentieth century
and was effective as a protectant fungicide, @udd also be used to eradicate
establishedhfections (13. However, it can be injurious to the tree, lowers

photosynthesis rates, and reduces fruit set and pollen germination (25, 27, 4, 20, 21).
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Lime sulfur applications can also result in lower fyuélds and premature fruit drop, and
causes russetting and phytotoxic burns on the fruit, thus lowering fruit quality (21, 4, 28,
13). Consequentlyyettable sulfur fugicides were incorporated inpsograns with lime
sulfur even though they were lesseetive and lacked the eradicative capability of lime
sulfur (21). Howeversulfur and lime sulfubasedungicidesused in apple orchards

have adversenontarget effects on beneficial predatonjtes (14, 41, 24, 23).

Since the standard fungicides dse organic apple production in Vermont can be
harmful to the applicator, as well as the apple tree and orchard ecosystem, it is necessary
to evaluatehe effectiveness @lternative organicalbapproved fungicidesPotassium
bicarbonate (Armicafbfi O pBRcillus subtilis(Serenad® MAX), and neem oil
(Trilogy®) are fungicideshat wereapproved for organic apple production, but have not
been fully evaluated and compared to the standard lime sulfur/sulfur fungicide program
in New England.Potassium bigdonate has been shown to have activity against apple
scab Yenturia inaequaligCooke) Wint.) and sooty blotch (fungal disease complex) in
Switzerland applerchards (37). laddition, the material has shown to manage powdery
mildew in other crops sucls@ucumbersRodosphaera xanth{formerly known as
Sphaerotheca fuligine&chlech ex Fr. Po)land grapeslncinula necato(Schwein)

Burrill) (33, 19). Past research evaluatiBgcillus subtilison apple trees in
Pennsylvania, showed that trees trdatith SerenadeMAX had significantly lower
apple scab incidence and severity than atnested water chedkeatment (39) Extracts
from the neem tredyzadirachta indicahave shown antifungal properties against

postharvest apple diseas@®{rytis cherea(pers.) ex Fr.Penicillium expansurfthom.,
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andGlomerella cingulatgSton.) Spauld. & Schrenk26). These materials are currently
labeled as organicalgpproved fungicides for management of apple scab and other
fungal diseases such as cedar app&(Gymnosporangium junipexiirginianae
(Schwein)) fruit rots, and sooty blotcfa complex oPeltaster fructicolglJohnson,

Sutton, Hodges)Geastrumia polystigmaty8atista & M.L. Farr) Leptodontium elatus

(G. Mangenot) De Hoog, ar@loeodes pommgna(Schwein) Colby), and flyspeck
(Zygophiala jamaicensiéE. Mason)), but their effectiveness in New England is not fully
known.

The major objectives of this research were to: (i) evaluate the efficacy of
alternative fungicides (potassium bicarbonBes;illus subtilis and neem oil) against
apple scab and other apple diseases compared to a standard lime sulfur and sulfur
fungicide program; and (ii) evaluate the potential-temget effects of the fungicide

treatments on beneficial and pest arthropodifadpns

MATERIALS AND METHODS

The study was conducted at the University of Vermont Horticultural Research
Center in South Burlington, VT afiempiredtrees which were, on average, 3.0 m high x
3.0 mwide and planted at a spacing of 3.7 m x 5i% 1©90on M.7 and Mark
rootstocks. Previous research showed that the two rootstocks did not affect disease
incidence and therefore, they were not considered a variable in this experimehh€30).
other cultivars in this planting are not susceptible to apple(Snturia inaequalis

(Cooke) Wint.)and were not included in this experimeiiteatments were arranged in a
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completely randomized design with five singtee replication®f the five treatments:
potassium bicarbonate (Armic&rfi O 6Bggillus subtilis(Serenad® MAX); neem oil
(Trilogy®); lime sulfur (Millef® Lime Sulfur)/sulfur (Microthiof Sulfur); and non
sprayed The experimentadrchardwas previously (before 2007) managed using
standard integrated pest management practices. The research igraotwaganically
certified.[NOTE: Armicarl’fi 00 was oeappgosed forcuselinl 2§07, when this
research began. In 2008, this formulation was removed from the national and Vermont
lists of organicallyapproved materials; other potassium bicarb®f@mulations are
currently available for organic apple production in Vermont. However, to maintain the
integrity of the treatments for the second year of the study, Arfice®o was used i
2008.]

Abscab riskd assess menintheauusinot2006dndct ed f
2007 todeterminethe potentialisk for apple scab in the spring 2007 and2008
respectively (30,6)Ten vegetative shoots on every OEn
examined for scab lesions. Shoots were selected fromlbwghinterior, and exterior
sections of the tree (shoots were cut off to allow easier evaluation in 2006). On each
shoot, the upper and lower surfaces of each leaf were examined and the number of leaves
with at least one scab lesion was recorded. Tieewies checked on a map of the orchard
to ensure it was not sampled multiple ti me
across the orchard on 27 Septerabéctober 2006 and on 29 Septembédctober

2007. The 2006 O6scal hrei 9k & haag de svsame ratt @o m
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apple scab, however, the 2007 assessment
scab in spring 2008.

In autumn of 2007, sanitation measures were undertaken to reduce the amount of
overwintering ascospor@s fallen scabbed leaves (sanitation measures were unnecessary
in autumn of 2006 because the inoculum level was low). Urea was applied (5% solution
applied 150 gal water per agte the trees on 25 October 2007 as alpa¢ fall spray
instead of to the fatin leaves later in autumn because of the potential that temperatures
would drop too low for sprayer us®ast research has shown that urea hinders perithecial
(i.e., pseudothecial) development (3, 31). Urea, although not an orgaaicptiyved
material,was used in this research trial to manage potential overwhelming inoculum
levels due to the nesprayed treatment that would not have been present in a commercial
orchard. On 126 November 20D, when the trees were 40% defoliated, leaves were
raked intothe row middles of the orchard. The leaves were mowed with a chain flail
mower which was set to mow down to soil level. Snow prevented further flail mowing
when a higher percentage of leaves had fallen to the gr&urtbnet. al.(36) foundthat
shralding all the leaf litter reduced the risk of apple scab b9@® and shredding 65
90% of the leaf litter reduced the risk of apple scab b§3®. In addition, the study
showed application of urea to leaf litter in November reduced the number of assospo
trapped in the orchard the next spring by 50%.

Fungicide & Insecticide Applications
Fungicides were applied with a 18er, 3-point hitch PTO sprayer (Nifty Fifty,

Rears Mfg Co., Eugene, OR) witimattached Green Guard handgun (model-@I)9
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havingan L tip, at a pressure of 100 Ib/sqg. in. (689.48 kigkaximum labeled rates were
applied dilute to drippotassium bicarbonate at 3.75 Ib/A (4.2 kg/lBs)cillus subtilisat
3 Ib/A (3.4 kg/ha); neem oil at 2 gal/A (18.7 L/ha); sulfur at 15 Ib/A (16/B&glime
sulfur at 2 gal/A (18.7 L/ha). Fungicidgplicationan 2007began on 26 Aplrand
continued on approximately a weekly schedule through the end of June and then every
two weeks to the last fungicide application on 2% Jukble 1) Applications were made
weekly in 2008 from 23 April through the end of June and every two weeks until 17 July
(Table 1). Conditions were highly conducive for fire blight development in 2007,
justifying an application of streptomycsulfate (Agrimycin® 17 at 1 IbA (1.1 kg/ha))
on 11 May 2007 with a Rears RPBkast 100 sprayer (Rears Manufacturing, Eugene, OR).
To target potential fire bligh&rwinia amylovord inoculum in the orchard in 2008,
copper (CO-C-S® WDG at 6 Ib/A (6.7 kg/ha)vas applied with the ReaPakBlast 100
sprayer at the silver tip phenological stage on 18 April 2008.

Weather was monitored with a Davis Vantage Pro Wireless Weather Station
(Davis Instruments Corp., 3465 Diablo Ave., Hayward, California 94545) 384
primary nfection periodsvere calculated, according to formulas used by Rea2@n
whi ch were based o0 n(22 31e30)fithhesexcemiahdhatMi | | s
wetting periods starting with nightfall rains were included in the calculations because a
portion of ascosposeare released at nighiQ) (Appendix B) Secondary infection
periods were determined similarly with the exception that leaf wetness hours caused by
dew alone were also includedscospore maturity was calculated, following formulas

used by Reardor29) who usedhe New Hampshire model developed by Gadoury and
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MacHardy 0) (Appendix C) The potential release of mature ascospores was determined
according to criteria established by Gadoeiryal.and used by Reardat. al.(10, 30).

Primary infectiorperiods occurreth 2007on 2730 Apil, 1011, 1517, 1921,
27-28 May, and 31 May 2 June, and in 2008, @&8-29 April, 2-4, 15, 2224, 2627
May, and31 May - 1 Juneg(Figures 1, 2). The 2007 primary scab season had six
infection periods, spanning 1ays; in 2008, there were six primary infection periods
covering 13 days. So overall, 2007 had more wet days during the primary season, but
2008 had eight more wet days in the secondary scab season than 2007.

Insecticide and miticide applications folled a standard organic management
program in 2007. Materials were applied to the whole orchard using a ReéBtaBak
100 sprayer. Horticultural oil (JMS Stylet oil) was applied at silver tipA@2 2007 at
2.6 gal/A (24.3 L/ha)) and at %2 inch gregm(Z May 2007 at 1.7 gal/A (15.9 L/ha)) for
management of mites (i.e., European red mRes¢nychus ulmiKoch)) and twe
spotted spider mite§ étranychus urticaéoch))). Bacillus thuringiensigDipel® DF)
was applied twice in June (7 & 14 June 2087 once in August (2 August 2007) for
codling moth Cydia pomonelldL.)) at 1 Ib/A (1.1 kg/ha); spinosad (Entrftlstvas used
twice, once at the end of June (29 June 2007) for oblique banded leafroller
(Choristoneura rosacean@larris)) and once in Augu$2 August 2007) for codling
moth and apple maggot fliRhagoletis pomonell@Valsh)) at 1.5 fl. oz./A (0.1 L/ha). In
addition, kaolin clay (SurroufdVP) was applied three times throughout the season (29
May at 62.5 Ib/A (70.1 kg/ha), 14 & 22 June 2@Q7A1.7 Ib/A (46.8 kg/ha)) targeting

plum curculio Conotrachelus nenuphdHerbst)) and European apple sawfly
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(Hoplocampa testuding@lug)). In 2008, horticultural oil (JMS Stylet oil) was applied
at silver tip (18April 2008 at 2.6 gal/A (24.3 L/ha)pbf management of mites. No
insecticides, except kaolin clay (SurroiMiP), were applied in 2008, in order to assess
any nontarget affects of the fungicides on insect populations. Kaolin clay (Suffound
WP) was applied two times in May ( 22 & 29 May 804t 62.5 Ib/A (70.1 kg/ha)) for
plum curculio and European apple sawfly and once more in June (5 June 2008 at 41.7
Ib/A (46.8 kg/ha)) for plum curculio
June Cluster Disease and Arthropod Assessment

The incidence of disease symptoms and the numbesiohkof apple scabgdar
apple rustand norspecific, unidentified necrotic leaf spots, which resembiegeye
leaf spot Botryosphaeria obtus¢gschwein.) Shoemakewere assessed on both sides of
all leaves on ten fruit clusters per each single epéaoate for each of the five treatments:
potassium bicarbonatBacillus subtilis neem oil; lime sulfur/sulfur; and nesprayed.
Given the size of the canopy it was thought that this number of clusters would give a
representative assessment of diselasideénce and severity. Clusters were selected at
random from the upper (within 8 feet (2.44 m) from the ground), lower, inner, and outer
canopy; clusters were selected from around the whole area of the tree circumference.
The clusters were removed frohettree, and stored in sealed plastic bags at 36°F (2.2°C)
in the walkin cooler at the Horticultural Research Center for one day until assessed for
disease. Only leaves below the fruit were included in the assessment to avoid including
leaves on boursésots. Since the trees had been sprayed with kaolin clay (Surfound

WP), which left a white residue, the kaolin clay was gently rubbed off with a dry cloth or
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thumb in order to view the lesions or arthropod damage on the leaves after arthropod
presence wanoted. Most of the kaolin residue was washed off by rain; however, the
trees in the neem oil treatment were covered with more kaolin Elagdpiece
magnifying glasses (10X magnification) aided the naked eye in the assessment.

In addition, he incdence of insect daage was assessed on each of the fruitlets
on theten fruit clusters per each single treplicatethat were collectedAll the fruit on
each cluster was assessedEaropean apple sawflplum curculig andtarnished plant
bug (Lyguslineolaris (Palisot de Beauvoisflamage.The cluster leaves and fruitlets
were assessed on-2@ June 2007 and on-1® June2008.
June Terminal Disease Assessment

The incidence of disease symptoms and the number of lesions of apple scab, cedar
apple rst, and necrotic leaf spots were assessed on all leaves on ten apical, vegetative
terminals per each single tree replicate for each treatment. The same procedure for
viewing the lesions on the cluster leaves was followed on the terminal leaves. Vegetativ
terminals were selected at random from around the whole area of the tree circumference.
Where sufficient apical vegetative terminals were absent, bourse shoots were substituted
and only the leaves above the fruit cluster were assessed. The seleatlmyuode shoot
was noted on the data sheets. The position of each leaf on the terminal was noted with
the disease data to compare the location of disease symptoms on the terminals to when
fungicide applications were made and when infection periods ectusing the leaf
emergence data collectefippendix D. Foliar disease incidence and severity (number

of lesions per infected leaf) were assessed and leaves with no lesions were noted as clean
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of disease. The terminal leaves were assessed for lesid8s26nJune 2007 and on-16
19 June2008.
August Terminal Disease & Arthropod Assessment

Disease assessment in August followed the same procedures as the June terminal
assessment in 2007. However, in 2008 the selected terminals from each tree were cut
from the tree and stored in clear garbage bags at 36°F (2r2fit& walkin cooler at the
Horticultural Research Cear for one day until assessed. The terminals were removed
and stored on 11 August 2008. In 2007 and 2008, all leaves present on thalsermin
were assessed for lesions. Total number of leaves per terminal was recorded and each
leaf was examined (leaf position and missing leaves weneootded). Foliar disease
incidence and severity (number of lesions per infected leaf) were recortihed in
assessment.

Arthropod pest data were also collected upon examination of each leaf on the ten
terminals per tree. After the arthropod presence was noted, the kaolin clay (Strround
WP) residue was gently rubbed off to view disease lesions and/a@rthdamage on
the leaves. Data that were collected included the incidence and/or damage of the
following pests: spotted tentiform leafmin&hfyllonorycter blancardellgFabr.) ) or
apple blotch leafminePhyllonorycter crataegell&Clemens))severitywas also
assessed for this insect); lyonetia leafminer (Lepidopltsm@netiidae) green apple aphid
(Aphis pom); European red mite; twspotted spider mite; white apple leafhopper
(Typhlocyba pomariiMcAtee)); potato leafhoppefgmpoasca fabag@Harris)); and

Japanese beetlPd@pillia japonica(Newman)). In addition, incidences were also
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recorded of beneficial insects such as: lady beetle adults and larvae (Coleoptera:
Coccinellidae); cecidomyiid larvae (Diptera: Cecidomyiidae); syrphid fly larvae
(Diptera: Syrphidae); and chrysopid eggs (Neuroptera: Chrysopidae). Leaves with no
evidence of the pest or pest damage were recorded as clean of arthropod damage.
Terminals were assessed for disease and arthropods2zhA2Zyust 2007 and on

12-15August2008.

Harvest Fruit Collection

On 10 September 2007 and on 3 September 2008, 64 fruit were collected from
each of the 25 OEmpired trees. A sampl e
guadrants on both the east and west sides of the trees. Thaungpawer canopies
were divided into two quadrants each on the east and west sides, making a total of eight
sections per tree. Eight apples were picked from each section in order to obtain a
representative sample of fruit from each tree. The fruit pkaeed in labeled boxes and
stored aB6°F (2.2°C)in the walkin cooler at the Horticultal Research Cear until
disease and insect assessments were completed.

Harvest Fruit Disease & Insect Assessment

A target number of 50 fruit, chosen at ramdfsom the 64 collected per tree, were
assessed for the following: apple scab; cedar apple rust; sooty blotch; fly speck; fruit rots
(only counted rot when naissociated with mechanical or other injundlenticel
blackening which may be the early sygtoms of black rotBotryosphaeria obtusa

(Schwein) Shoemaker)Presence of physiological maladies such as phytotoXi@ty
32
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purple and cracked apple skamd russetvere also recordedA target number of 50 fruit
was desired, but in some cadescaise of low yieldfewer fruit were evaluated.

The 50 fruit were also evaluated for arthropod damage. The presence of damage
from the following insects were assessed: plum curculio (i.e., cresicaped scarring);
tarnished plant bug (i.e., dimpled scag); apple maggot fly (i.e., small skin puncture
with no frass, tunneling into the flesisfink bug (Hemiptera: Pentatomidae) (i.e., sunken
firm flesh dimple, slightly green in color); European apple sawfly (i.e., characteristic
curved scar); internal lpgdoptera, which includes damage from codling moth, oriental
fruit moth Grapholita molestgBusck), and lesser applewor@réapholita prunivora
(Walsh) (i.e., circular hole, often with frass: inspection upon slicing revealed tunneling
into the flesh genellg toward the core); and, surface Lepidoptera (i.e., feeding on skin
and flesh just below it, often with frass
cut in half to determine if there was internal Lepidoptera damage and the skin was peeled
off to see the presence of apple maggot fly larvae trails in the flesh below a possible entry
pin-sized hole. Fruit assessment was completed®»®&tober 2007 and onrM & 15
September 2008.

Overall fruit quality was assessed in 2008 using the USDAduality standards
(40, Appendix E).Apples were placed in one of four grades-UGount, in which fruit
must weigh at least 140 g and have more than 25% red color, and have blemishes smaller
than 0.5 cm; UL Bag, where fruit must weigh between 10(hd 440 g with greater
than 25% red color, and blemishes no more thari @®unt; U.S. Utility, where apples

were less than 100 g and free from any rots or broken skin; and Cull, where the apples
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were not suitable for any of the other grades. Fruit quabity assessed at the same time
the fruit were evaluated for disease and insect damage2ddciober 2007 and orXD
& 15 September 2008.
Statistical Analysis
Data obtained wersubjected t@nalysis of variance and significadifferences
between meansered et er mi ned by Fi sher 6s@BHDWbhenect ed L
necessary, incidence data were transformed using the arcsine square root and severity
data were transformed by taking the log (severity + 0.1). In treatmentsexjthow or
no disease ophytotoxicityincidencedata could not be normalized and significance was

determined by the neparametric KruskaWa | | i s Te¢3®). (P O 0. 05)

RESULTS

Disease Management Evaluation

In 2007, the lime sulfur/sulfur treatment provided effective manageofiepple
scab, with 1.1% of the leaves and 0.4% of the fruit with lesions at harvest time (Table 1).
There were no significant differences among treatments in scab incidence on the cluster
or terminal leaves in June. All of the alternative fungicidas $ignificantly less foliar
scab in August than the n@prayed treatment; scab severity in August did not show any
clear cut statistical differences. On the fruit, the potassium bicarbonate and neem oil
treatmentshowed some activity against apptabcompared to the nesprayed trees.

The percent of fruit with scab at harvest were 11.2% and 11.6%, respectively, which was
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significantly less than the nesprayed treatment and not statistically different than the
lime sulfur/sulfur treatment.

Overall,the incidence of scab was much higher in 2008. The lime sulfur/sulfur
treatment again provided better scab management of all the treatments, with 8.9% of the
leaves and 2.9% of the fruit with lesions at harvest time (Table 1). The potassium
bicarbonateandBacillus subtilistreatments were significantly lower than the nhon
sprayed treatment, and were not significantly different than the lime sulfur/sulfur
treatment on the cluster leaves in June. On the cluster leaves in June, the lime
sulfur/sulfur treahent had the lowest incidence of scab, although it was not significantly
different than the neem oil treatment. The lime sulfur/sulfur treatment also had the
lowest scab severity on the terminal leaves in June and August; however, it was not
significantlydifferent than the neem oil treatment by August. The neem oil treatment
provided significantly better management of apple scab than thepnayed treatment
and the other alternatives on the leaves in August and on the fruit. The potassium
bicarbonatéreatment had significantly less incidence of scab than themayed
treatment, but more than the neem oil treated trees in August and at harvest. However,
scab management was not to commerciatigeptable levels. Foliar and fruit scab levels
on theBacillus subtilistreated trees were not significantly different than the scab levels
on the norsprayed treated trees.

There were no significant differences among the treatments in incidence of cedar
apple rust on the leaves by August in 2007 or 20@BI€r2). However, in each year, the

neem oil and lime sulfur/sulfur treatments had numerically lower incidences of rust in
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August than the other treatments. The potassium bicarbonate treatment had a
significantly higher incidence of rust on the termilegves in June than all the other
treatments in 2007. This treatment also had among the higher rust severities in June and
August of 2007, although it was not significantly different tharBaeillus subtilisor
nonsprayed treatment in June or any otineatment in August. No rust lesions were
seen on the fruit at harvest in 2007 or 2008.

In 2007, the neem oil treatment had a significantly higher incidence of necrotic
leaf spots than all treatments except the-sjorayed, and significantly higher seity
than all other treatments, on the cluster leaves in June (Table 3). By August, the
potassium bicarbonate and neem oil treatments had significantly higher incidences of
necrotic leaf spots than the lime sulfur/sulfur and-sprayed treatments. Tpetassium
bicarbonate treatment was significantly different from the other treatments and had the
highest number of lesions per infected leaf in August. In 2008, the neem oil treatment
had a significantly higher percentage of leaves with necrotic letf sBpAugust than all
other treatments, including the neprayed (Table 3). The severity of lesions was
significantly higher in the neem oil treatment on cluster leaves in June and on terminals
in August as well. The necrotic leaf spot incidence impthtassium bicarbonate
treatment was statistically lower than the neem oil treatment, and significantly higher
than the lime sulfur/sulfur treatment by August.

In 2007, there were no significant differences among the treatments in incidence
of summer disases, including sooty blotch, flyspeck, fruit rots, and lenticel blackening

(Table 4). Very little flyspeck and no sooty blotch were observed in the 2007 harvest. In
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2008, again there was no sooty blotch observed, although flyspeck was present (Table 4).
The lime sulfur/sulfur and neem oil treatments had flyspeck incidences significantly

lower than all the other treatments. Both the potassium bicarbonaBaeitids subtilis
treatments had higher incidences of flyspeck than thespoayed treatmentl|though the
difference was not significant on tBacillus subtilistreated fruit. Like 2007, there were

also no differences among the treatments in incidence of fruit rots in 2008 (Table 4). In
2008, there was significantly more lenticel blackeningn@Bacillus subtilistreated

apples than all other treatments.

Evaluation of Non-target Arthropod Impacts

The mite populations were much higher in 2007 than 2008 (Table 5). In 2007,
there were no significant differences among the treatments for eithepezm red mites
or two-spotted spider mites. In 2008, no significant difference was detected for European
red mites among the treatments; however, there was a significant difference in incidence
of two-spotted spider mites with the lime sulfur/sulfuatreent having the highest
incidence.

In 2007, there were no significant differences among treatments for incidence of
spotted tentiform leafminer mines, which also could be apple blotch leafminer mines
since the mines look similar, tyonetia leafminemines (Table 6). There were also no
differences in incidence of the following: green apple aphids, white apple leafhoppers
white apple leafhopper damage, Japanese beetle damage, or potato leafhoppers.
However, there were some significant differenceh@éincidence of potato leafhopper

damage in 2007, with tHgacillus subtilistreatedtrees having the highest percent of
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leaves with damage, even significantly higher than thespoayed, but not statistically
different from the potassium bicarbonateatreent. The incidence of insect damage or
the insect pest itself, except for potato leafhopper damage, on any of the treated trees was
not statistically different from the nesprayed trees.

In 2008, there were also no significant differences amoagntents in the
incidence of spotted tentiform/apple blotch leafminer mines or lyonetia leafminer mines;
nor were there differences among the treatments in incidence of green apple aphids
(Table 6). There was some separation among treatments in incidevitéecapple
leafhoppers. However, these are not cledrseparations and there were no statistical
differences in incidence of white apple leafhopper damage, although numerically there
seemed to be a similar trend, with B&cillus subtilistreatmentesulting in the
numerically highest pest and damage incidence. There were no significant differences in
incidence of potato leafhoppers or their damage or damage from Japanese beetles in
2008. The percent of leaves clean of arthropod pests and theigeamas measured in
2008 (Table 7). The highest percentage of clean foliage was in the neem oil treatment,
but it was not significantly different than the nsprayed trees. The lime sulfur/sulfur
treatment had the significantly lowest percentage olealean of insects and their
damage, even lower than the rgprayed trees.

There were no differences among the treatments in incidence of the beneficial
syrphid fly larvae, chrysopid eggs, cecidomyiid larvae, or ladyitsgrt populations in
either year of the study (Table 8). However, very few beneficials were observed with

most incidences at zero and none more than 1%.
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There was significantly more plum curculio damage in June 2007 on the fruitlets
in theBacillus subtilistreatment than all othergatments, including the naprayed
(Table 9). There were no statistical differences among the treatments in fruitlets
damaged by tarnished plant bug or European apple sawfly. In June 2008, there were no
significant differences among treatments in thlet assessment (Table 9). However,
the same trend seen in 2007 was observed in 2008, whéBadiiies subtilistreatment
had the highest incidence of plum curculio damage, but it did not separate out statistically
from the other treatments.

By the2007 harvest, there were no differences among treatments in damage from
plum curculio, tarnished plant bug, European apple sawfly, apple maggot fly, or internal
and surface Lepidoptera species (Table 10). In 2008, again there were no significant
differences among treatments in incidence of tarnished plant bug, European apple sawfly,
apple maggot fly, or internal Lepidoptera, but there were some differences in incidence of
damage from plum curculio and surface Lepidoptera (Table 10). The treatmentieffects
2008 seemed to follow a similar trend as 2007 for incidence of plum curculio damage at
harvest, with lime sulfur/sulfur treated trees having the lower percentage of damage,
followed by potassium bicarbonate treated trees, however, these were naasigpif
different from the nossprayed trees. There were no clear statistical separations in
incidence of fruit with surface Lepidoptera damage in 2008. However, the neem oil
treatment generally had the lowest incidence of damage, which was sowilaat was

observed in 2007. There were no significant differences among the treatments for
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incidence of stink bug damage in 2008 when data were collected, but tspragad
treatment had the numerically lowest incidence of damage.
Fruit Quality Evalu ation

In 2007, the lime sulfur/sulfur treated fruit had phytotoxic burns observed on
8.8% of the fruit, significantly more than any of the other treatments (Tabhgpp&ndix
E). There was also significantly more russetting on the fruit from the lirha/sulfur
treatment. These burns and russetting reduced fruit quality. No fruit had phytotoxic
burns in 2008; however, there was significantly more russetting in the neem oil treatment
than the other alternatives and the 1spnayed (Table 11). The aomtt of russetting on
neemtreated apples was not significantly different than the lime sulfur/sulfur treated
apples.

Overall, in the 2007 harvest, the percent of apples clean of all disease symptoms
was numerically highest in the lime sulfur/sulfur treant, followed by the potassium
bicarbonate and neem oil treatments;Blaeillus subtilistreatment was not much higher
than the norsprayed treatment, although, there was no significant difference among the
treatments (Table 12). In 2008, the lime su#fulfur treatment had 92.1% fruit at
harvest clean of disease symptoms, which was significantly more than any other
treatments (Table 12). The neem oil treatment did not have as many fruit clean of disease
as the lime sulfur/sulfur treatment, but it lagnificantly more clean than potassium
bicarbonate and the other treatments; however, no treatments, except the lime
sulfur/sulfur treatment, had percentages of fruit clean of disease symptoms within the

commercially acceptable range of-88% of diseaséree fruit harvested (17).
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The neem oll treatment had significantly higher percentage of fruit clean of insect
damage than the other alternatives and thespoayed treatment in 2007 (Table 13).
This was also seen in 2008, where the neem oil treatmaérthe significantly highest
incidence of fruit clean of insect damage.

Overall fruit quality was assessed in 2008 using the USDA fruit quality standards
(40, Appendix F).There were no significant differences among the treatments in percent
of fruit in the highest UG Count grade (Table 14). There were significantly more neem
oil treated apples (18.4%) in the 1PBag grade than any other treatment, however, this
amount isnot commercially acceptab{&@7). There were significantly more lime
sulfur/sulfur treated apples culled than the neem oil treatment, but neither treatment was

significantly different than the nesprayed treatment.

DISCUSSION

The incidence of scab was much higher in 2008, possibly because of two factors:
(1) there was moreovewi nt eri ng inoculum, as indicated
autumn 2007, and (2) there were more potential secondary infections due to the wet
summer weather. I n each year, whether the
the lime sulfur/suliir treatment was the most effective against foliar scab and provided
the best management of fruit scab, although levels of scab on the fruit in 2007 were not
significantly different than that observed on the potassium bicarbonate and neem oil
treatments.In both years,ite neem oil and potassium bicarbonate alternatives showed

someacivity against apple scab, but dmbt provide acceptablentrol. Andrewset.
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al.(2) foundthat ptassium bicarbonate (0.5% wivasmore effective thaa wateronly
treatmat against apple scab, but not as effectivEastan, the standard commercial
fungicide treatmentTammet. al.(37)in a study in Switzerlanghowed potassium
bicarbonate controlled apple scab as well as a wettable sulfur treatdreter the
conditions of a study conducted in Pennsylvanipotassium bicarbonate treatmevds
also comparable ta lime sulfur/sulfur treatmerior the management of apple scab in an
organic alternative fungicide trigB9). These past studies suppihitpotassium
bicarbonatéehas some fungicidal activity against apple scab,ptassium bicarbonate
showed activity against apple scab under Vermont conditions, but was not as effective as
the lime sulfur/sulfur treatment

A literature search of studies examining tiees of neem oil against apple scab
produced no resultavioline and Locke(26) showedeem oilhad somdungicidal
activity towards selegbostharvest apple decay fungi suctBasrytis cinera(pers.) ex Fr.
(gray mold) andslomerella cingulatgSton.)Spauld. & Schrenk. (bitter rotput was not
effective againsPenicillium expansurmhom. (blue mold rot).In this Vermont study
fruit rots were evaluated at harvest and no significant differences were detected in either
year between the neem oil treatrhand the other treatments, including the-sprayed
treatment.

The research reported from this Vermont study verifeéest pesearch evaluating
the efficiency oBacillus subtilisagainst apple fungal diseasd®acillus subtilisdid not
provide suital® management of apple scab in a study conducted in PennsyB@niaA

similar study in Pennsylvania showe@acillus subtilistreatment provided no
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acceptable control of flyspeck and sooty
apples 88). Howe\er, theBacillus subtilistreatment in a fungicide trial in Massachusetts
showed some management of sooty blotch and flyspeck, but not to commercially
acceptable level®). In addition, a study conducted in North Carolina showed a

Bacillus subtilistreament was not significantly different than the reprayed check for

control of bitter rot and bot rot in apple&5].

TheBacillus subtilistreatment seemed to haseme adverse, nearget disease
and arthropod impacts in Vermont. TBacillus subtils treatment had significantly
more lenticel blackening than all other treatments, including thespayed, in 2008.

The treatment also had significantly higher incidence of damage from plum curculio on
the fruitlets in June 2007 than all other treatraentluding the nosprayed treatment

(the same trend was seen in June 2008, but with no statistical difference) and on the fruit
at harvest in 2008. The incidence of damage from potato leafhoppers was also
significantly higher in August 2007 in thgacillus subtilistreatment. Further research is
necessary to provide insight into the reasons for these results.

Apple scab is the main disease to manage in Vermont orchards, but effective
management of other fungal diseases is also an important consil@rh@n evaluating
alternative fungicides. No alternative fungicide or the standard lime sulfur/sulfur
treatment provided any significant activity against foliar rust when compared to the non
sprayed treatment. Lesions counted as cedar apple rust gl$mweaincluded cedar
hawthorn rust lesions, caused®ymnosporangium globosurarl.,because symptoms

are nearly identical and no determination between the rust diseases were made during the
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assessments (16). The fact that none of the treatments méolgayedist is of concern

since high levels of infection can cause premature defoliation. There were no significant
differences among the treatments for incidence of summer diseases including flyspeck,
sooty blotch, and fruit rots in 2007. In 2008, therere much higher percentages of
flyspeck, possibly because of the eight more days of wetness occurring later in the 2008
growing season. The neem oil and lime sulfur/sulfur treatments had significantly lower
incidences of flyspeck than all other treatrtsein 2008.

Overall, none of the alternatives managed disease, including apple scab, as well as
the standard lime sulfur/sulfur fungicide program.2008 the neem oil treatment
performed bettethan the other alternatives in management of fruit ahdrfscab and
againstflyspeck In addition, the neem oil treatment had a significantly higher
percentage of fruit clean of all disease symptoms than the other alternatives in 2008.
However, both the lime sulfur/sulfur and neem oil treatments had disttyes such as
phytotoxic burning and russetting of the fruithe burns observed in 2007 on the lime
sulfur/sulfur treated fruit may have been caused by the high rate (2%) of lime sulfur
applied 7 June 2007 when the following day temperatures reacle# @2.1 C)
possibly causing the chemical to burn the fruit in the unseasonably high temperatures.
However, similar hot temperatures followed lime sulfur applications in 2008, and no
phytotoxic effects resulted, which suggests it was a combinatiamditons that may
have caused the burning, such as poor drying conditions and high hurRiasty.
research in Nework has found summer sprays of lime sulfur to cause injury to both

fruit and foliage {1). A reduced rate of lime sulfur or a sulfur apption could have
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potentially avoided the phytotoxicity. However, these optioayg not have resulted in
similar disease management.

Another negative impact of the neem oil treatment was that the trees had
significantly more necrotic leaf spots thanather treatments by August 2007 and 2008.
This apparent phytotoxic effect is potentially due to the oil based formulation of neem
oil. Agnello, Reissig, and Harris (1) fouharticultural oils, applied for mite control
under conditions of high temperatusand moisture stressaused foliar lesions mainly in
the portions of the canopy where the spray had dried unevenly or had accumlifeged.
incidence and severity of the lesions increased when higher concentratdnsere
applied. It is recommendédr tree fruit to avoid applying oil in high concentrations, to
waterstressed plants, and to very young foliage to reduce phytotoxic twig injury and leaf
burn(15). In addition, oil has been found to cause dark green to purplish discoloration
on leafmargins, especially when drying conditions were poor and oil remained on the
tissue for extended periods of tirfd2).

On the positive side of using neem oil, the neem oil treatment had significantly
more fruit clean of insect damage than the otherratares and the nesprayed
treatment in 2007, and more than all treatments in 2008. This can be attributed to the
insecticidal properties that neem oil has. Neem oil (Trifddgy marketed as a
fungicide/insecticide/miticide so it was expected to sugginsects. Overall, it is
assumed the percentages of clean fruit were higher in 2007skeadditional insecticide
applications oBacillus thuringiensi¢Dipel® DF) and spinosad (Entrftwere used,

whereas in 200®nly kaolin clay (SurrourfWP) wasapplied. However, with no other
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insecticides used in 2008, the insect management frometra oil treatment was not at
a commerciallyacceptable level.

The assessment of mites in this study supported the evidence that limeasdfur
sulfur-based fugicides can have adverse affects on mite managerAéhbugh no
significant differences were detected in the European red mite population among the
treatments, the twepotted spider mites were numerically higher in the lime sulfur/sulfur
treatment thaall the other treatments in 2007, and significantly highest in 2008.
However, predatory mite populations were not assessed in this experiment and therefore,
no assumptions can be made as to why there were differencesspaited spider mite
populationincidences. Because of low levels of other beneficial organisms (i.e., lady bug
beetles, cecidomyiid larvae, syrphid fly larvae, and chrysopid eggs), no assumptions can
be made on the potential impacts of lime sulfur/sulfur or the alternative fungicides o
these beneficial populations.

The overall quality of the fruit, assessed with the USDA fruit grades, was not at
levels that would be accepted in standard-o@anic commercial orchards, although
organic orchardists may tolerate a lesser fruit quality niche market (17). The
majority (5377%) of the fruit harvested from all the treatments in this Vermont study
was of no value and placed in the cull grade, indicating the need for improvement in
disease and arthropod management to produce accepiabtg gpples.

In summary, this research shows that potassium bicarbd@wst#us subtilis and
neem oil do not offer substantial advantages over the standard lime sulfur/sulfur

fungicide program in organic apple production in Vermont. Other alterrfatiggcides
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waiting for EPA registration and organic approval may provide more possibilities in the

future.
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CHAPTER 3. JOURNAL ARTICLE

PRELIMINARY EVALUATION OF RA W MILK AS A FUNGICIDE IN
ORGANIC APPLE PRODUCTION IN VERMONT

M. L. Cromwell, L.P. Berkett, H.M. Darby, Department of Plant and Soil Science, and
T. Ashikaga, Medical Biostatistics, University of Vermont, Burlington, VT 05405

Abstract

The fungicides containing sulfand lime sulfur active ingredients are the most
commonly used against apple scab, a major disease limitatiwganic apple production
systems; however, there are dragkmto their use. Lime sulfdrased fungicides are
highly caustic tdhe applicator. Sulfur is less caustic, but is not as effective against apple
scab and has detrimental effects on beneficial mites. In addition, lime sulfur is injurious
to the tree ath can cause lower fruit yields. Because of these potentialanget impacts
on the apple trees and surrounding ecosystem, it is important to evaluate alternative
fungicides for apple disease management. The objective of this trial was to compare the
efficiency of a 30% v/v raw milk dilution to a nesprayed treatment for the control of
apple scab and other fungal diseases. The study was conducted at the University of
Vermont Horticultural Research Centaré Mc | n t o isn & dmpletelg rrslomized
design with three singteree replications Milk applications were maden approximately
a weekly schedulrom 26 Apr2007 to the end of June and every two weeks thr@8gh
Jul2007. Disease incidence and severity on terminal leaves were recordee2brd@0
2007and 2224 Aug2007and on fruit o0 Sep 2007 Overall, milk did not provide
management of disease and caused premature leaf yellowing and defoliation of the apple
trees.

69



INTRODUCTION

A major limitation to organic apple production in Vermanthe available
fungicide options fothe management aipple scalfVenturia inaequaligCooke) Wint.),
a major disease of apples in New England. Therategrated pest management (IPM)
methods to reduce inoculutngwever, disease management on stedgeptible cultivars
requires fungicide useApple disease anagement progranasso must considaeredar
apple rus{Gymnosporangium junipesiirginianae(Schwein)) sooty blotcha complex
of Peltaster fructicolglJohnson, Sutton, Hodge§eastrumia plystigmatuqBatista &
M.L. Farr),Leptodontium elatugs. Mangenot) De Hoog, arBloedes Pomigena
(Schwein) Colby)and fly speckZygophiala jamaicensi€. Mason)) since management
of these diseases may require fungicide use on susceptible cultivardawatable
environmental conditions

There are a number of fungicides which are organically approvédteby
Northeast Organic Farming AssociatiofidFA) of Vermont. The fungicides containing
sulfurand lime sulfur active ingredients are the most conlynosed againstenturia
inaequalisin organic apple production systen33.(However lime sulfurbased
fungicides are highlgaustic (7).Sulfur-based materials are less caustic to the applicator,
but are less effective, with only weak protective attigsgainstapple scab (6, 17).3
Liquid lime sulfur was a highly recommended fungicide in the early twentieth century
and was effective asmotectant fungicide, and could also be used to eradicate

established infections (12). However, it can be iojug to the tree, lowers
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photosynthesis rates, and reduces fruit set and pollen germination (25, 27, 4, 20, 21).
Lime sulfur applications can also result in lower fruit yields and premature fruit drop, and
causes russetting and phytotoxic burns on the thus lowering fruit quality (21, 4, 28,

13). Consequent]ywettable sulfur fungicides were incorporated im@anagement
programswith lime sulfur even though they were less effective and lacked the eradicative
capability of limesulfur (20). However,management programs of sulfand/or lime
sulfur-based fungicides have additional impacts on the orchard ecosystem; their use in
apple orchards have adverse, #target effects on beneficial predatonjtes (15, 2, 22,

21).

Because of the potential méarget impacts on the apple trees and surrounding
ecosystem of current organicaliyproved fungicides, it is important to evaluate
alternative fungicides for apple disease managent@né possible fungicidal alternative
is milk. The lactoperoxidase stem in milk has antimicrobial properties. The
peroxidase oxidizes available halides or thiocyanate to reactive oxidizing compounds,
which attach sulfhydryl groups essential proteins in microbssch as fungid7, 11). A
study of the mode of action ofilk in the control of grapevine powdery lahew, Crispet
al. (5) showed thathe milk produced oxygen radicals when exposed to natural light and
this in conjunction with the action of lactoferrin (an antimicrobial component of milk)
collapsed the hyphand damaged the conidiaBfysiphe (Uncinula) necatdiSchwein)
Burrill. Exposure of milk to the ultraviolet radiation in sunlight resulted in the reduction
of oxygen to superoxide anion, which is highly reactiv®.( Milk and whey have been

found toeffectively treat grapevine powdery mildekrysiphe (Uncinula) necator

71



(Schwein) Burrill,(26, 4, 13).Pscheidt and Kenyon (26) foumdthey powder applied
12.5to 19 Ib per acre (421.3 kg per ha) significantly reduced the severity of powdery
mildew on kaves and clusters compared to-tr@ated and water treatments. Cres@al
(4) testedhe efficacy of milk, whey, and sulfur against grapevine powdery mildew in
Australia. All test materials significantly reduced the severity of powdery mildew on
leaves and bunches compared to #i@ated vines. There was no significant difference
in seveity of the disease on vine leaves sprayed with milk, whey, or sulfur. Hed and
Travis (13 found whole milk (20%) provided control of powdery mildew on Concord
grapes that was statistically superior to the water check and equivalent to the
conventional fungicide program.

In addition,Bettiol (1) found milk to be an effective alternative for control of
powdery mildew on zucchini squagPpdosphaera xanth{formerly krown as
Sphaerotheca fuligine&chlech ex Fr. Poll.), in greenhouse conditions. Milk applied
twice a week at concentrations of 10% and higher controlled powdery mildew at least as
effectively as the conventional fungicides, fenarimol and benomyl. Mold gnethe
upper surfaces of leaves treated with 30% and higher, but the plants did not appear to be
injured. The main toxicity risk associated with milk and other dairy products is the
potential that they are allergens to sdmenans (8).

Wi t h V elargedamytin@sstry, the antifungal properties of milk, and the
readily available milk from the University of Vermont dairy fammlk was examined as
an alternative fungicide in a Vermont apple orchard in this preliminary study.

MATERIALS AND METHODS
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This preliminary study evaluating the efficiency of raw milk as a fcidg was
conducted in 200t the University of Vermont Hortitwral Research Cent@gVM
HRC) in South Burlingtomn si x OMcl nt oshoé t26mastockpl ant ed
The o6ovkch tn tt appoximatedd.0em(height)x 3.0 m(width) and planted at a
spacing of 4.9 m x 7.3 m (Figure 1Most of theother treesn the planting are scab
resistant cultivars and therefomeere not included in this research study. The study wa
conducted using a completely ranthieemi zed de
singletree replicates of thivo treatments: raw milk (30% dilution v/{mnilk was
obtained from the UVM dairy farm holding tank the morning of each applicatod;
non-sprayed.

Environmental and weather conditions at UVYM HRC were recorded with a Davis
Vantage Pro Wireless Weather Station (Davis Instruments Corp., 3465 Diablo Ave.,
Hayward, California 94545 USA). Data collected were used to determine pamary

seondaryinfection periodgFigure 2) Infection periods were calculated, according to

3t

formulas usd by Reardof 28) , whi ch were based on the
29), with theexception that wetting periods starting with nightfall rains weraudead in

the calculations because a portion of ascospores are released &at@)igappendix B)
Ascospore maturity was calculated, following formulas used by Rea2&wljo used

the New Hampshire model developed by Gadoury and MacH@yd#gpendix Q. The
potential release of mature ascospores was determined according to criteria established

by Gadouryet. al.and used by Reardat. al (10, 29).
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Milk applicationsbegan on 26 Ap2007and continued on approximately a
weekly schedule through theceof June and then every two weeks to the last application
on 23 Jul Milk was applied with a 188ter 3-point hitch PTO sprayer (Nifty Fifty,
Rears Mfg Co., Eugene, OR) witimattached GreeGuard handgun (model JBD)
havingan L tip, at a pressure @00 Ib/sqg. in. (689.48 kpa). Milk, in a 30% v/v solution
with water, was applied to drip, approximately 0.9aal1.89 L) per tree. No other
materials were applied to the trees throughout the se@stnal primary infection
periods occurred on Aprd7-30, May 1011, 1517, 1921, 2728, May 31i June 2.
Secondary infection periods occur@aJune 25, 9, 1213, 1422, July 23, 46, 7-13,
1821, 2729, July 31i August 1, August®, 11, 1618, 2627, and September20
(Figure 2)

June Foliar Disease Assessment

The incidence of disease symptoms and the number of lesions of appleesizab
apple rustnecrotic leaf spots, which resembled fgg leaf spotBotryosphaeria obtusa
(Schwein.) Shoemakers well as pinpoint purple lesions, whictpapred to be aborted
rust lesionsyere assessed aifl leaves on ten apical, vegetative terminals per each
single treaeplicatefor each treatment ob8-20 Jun2007. Both sides of each terminal
leaf were examined. Vegetative terminals were selectethdom from around the
whole area of the tree circumference.

Timed Assessment ofhe Presence of Yellow Leaves
As a way to assess the poor condition and defoliation of the trees, a timed

assessment of the number of yellow leaves on each tree was cdrmludigne 18, 2007.
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In order to capture if there was a treatment effect, a visual assessment was made by
slowly walking arounatach of the six trees two timdgst scanning the lower 8 ft (2.44
m) section of the tree, then the remaining upper sectitreafanopy, and counting the
number of yellow leaves observeder a five minute periodData collected were the
number of yellowing leaves observed per tree in both the raw milk angpnaped
treatments.
August Foliar Disease &Arthropod Assessment

Foliar disease incidence and severity (number of lesions per infected leaf), as well
as incidence of arthropod pests and their damage were recorded in ADigestse
assessment in August followed the same procedures as the June terminal assbssment.
addition, the following a@hropod dataverecollected upon examination of each leaf on
the ten terminals per tree: spotted tentiform leafminer miPleglonorycter
blancardella(Fabr.)) or apple blotch leafminer mineBl{yllonorycter crataegella
(Clemen3) (mines from both of these pests appear similar and were not distinguished)
(severity was also assessed for this insect); lyonetia leafminer mines (Lepidoptera:
Lyonetiidag; green apple aphidé&phis pom); Europearred mites Panonychus ulmi
(Koch)); two-spotted spider mite§ étranychus urticaékoch)); white apple leafhoppers
(Typhlocyba pomari@McAtee)) and their damagpptato leafhopperEfnpoasca fabae
(Harris)) and their damage; and Japanese bg@&ttgsllia japonica(Newman))and their
damage.In addition, incidences were also recorded of beneficial insects such as: lady
beetle adults and larvae (Coleoptera: Coccinellidae); cecidomyiid larvae (Diptera:
Cecidomyiidae); syrphid fly larvae (Diptera: Syrphidae); and chrysopid eggs
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(Neuroptera:Chrysopidae). Leaves with no evidence of the pest or pest damage were
recorded as clean of arthropod damagerminals were assessed for disease and
arthropods o0122-24 Aug2007.
Harvest Fruit Collection

On September 10, 2007, 64 fruitwere colledtedom each of the 6 0
trees. A sample of eight apples was picked from each of four quadrants on both the east
and west sides of the trees. The upper and lower canopies were divided into two
guadrants each on the east side as well as the weshgnaatiotal of eight sections per
tree. Eight apples were picked from each section in order to obtain a representative
sample of fruit from each tree. When the tree bore less than 64 fruit, all available fruit
was collected from the tree. The fruit wetaced in labeled boxes and store@6ftF
(2.2°C). After a week, the samples were transfetcepaper bags until assessmeas
completed
Harvest Fruit Disease & Insect Assessment

A target number 050 fruit, chosen at random from the 64 collectedtpes, were
assessed for the following: apple scab; cedar apple rust; sooty blotch; fly speck; fruit rots
(only counted rots when not associatgth mechanical or other injurygndlenticel
blackening which may be the early symptoms of black Batfycsphaeria obtusa
(Schwein) Shoemaker)Presence of physiological maladies such as phytotoi@ty
purple and cracked apple skemd russeivere also recorded.

The 50 fruit was also evaluated for arthropod damage. The presence of damage

from the folowing insects were assessed: plum curculionotrachelus nenuphar
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(Herbst) (i.e., crescent shaped scarring); tarnished plant lbygué lineolarigPalisot de
Beauvois)) (i.e., dimpled scarring); apple maggot Riggoletis pomonell@Nalsh))
(i.e., small skin puncture with no frass, tunneling into the flesh); European apple sawfly
(HoplocampaestudinegKlug)) (i.e., characteristic curved scar); internal Lepidoptera,
which includes damage from codling mo@y(¢ia pomonellgL.)), oriental fruit moth
(Grapholita molestgBusck)), and lesser applewor@r@pholita prunivora(Walsh))
(i.e., circular holepften with frass, inspection upon slicing revealed tunneling into the
flesh generally toward the core); and surfaepidoptera (i.e., feeding on skindafiesh
just below it, often with frass and o6squig
to determine if there was internal Lepidoptera damage and the skin was peeled off to see
the presence of apple maggot fly larvae trails in the flekiwbe possible entry pisized
hole. Fruit assessment was completed-@Qctober 2007.
Statistical Analysis

Data obtained were subjected to analysis of variance and significant differences
between means were determineddly s h er 6 s p Bigniicant Riffierdncel e a s

(LSD) Test( P 0.@) (30).

RESULTS

Disease Assessment
The preliminary evaluation of raw milk as a fungicide resultedrinally no
disease management (Table§){Appendix H) The only significant differences

between the milk treatment and the rgpmayed tratment were found with pipoint
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purplelesionincidence on the terminal leaves in J@hable 3)andnecroticleaf spot
incidence in June and Augusthere the milk treatment had significanttyprenecrotic
leaf spots than the nesprayed treatment (Tabfe.

For flyspeck, fruit rots, and lenticel blackening, no significant differences were
found between the treatments (Table 5). No sooty blotch symptoms were observed on
fruit in either treatrant. No russettingf the nontreated fruit was observesipme fruit
on milk-treated trees had russetting but this was not statistically different. No other
phytotoxicityor sunburn was observed on the fruit. Oni¥% of the fruit was clean of

diseasesymptoms (Table 6)

Arthropod Assessment

The foliar and fruit arthropod assessment showed no significant differences
between the treatmentEgbles 7 and 8). Overall, the same perc2@®q) of fruit was
clean of insect damage from both treatments. There were no beneficial insects observed
in any of the tregregardless of the treatment.
Yellow Leaf Assessment

The trees in the study were defoliating prematurely. A timed assessment of the
number of yellow leaves per tree revealed that trees treated with milk had significantly
more yellow leaves per treesih the norsprayed trees, i.e., 288.3 yellow leaves

compared to 166.7 leaves, respectively (T&ple
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DISCUSSION

The disease pressure was high in the experimental plot because the study was
conducted in a nemanaged planting at the UVM Horticultural Rasch Center, which
explains some of the very high incidence of disease, but there can be no conclusions in
support of raw milk as a fungicide from this study.

This preliminary study of the efficiency of raw milk as a fungicide showed the
material providedittle, if any, disease control. Imost cases, the incidences of disease
in the milk treatment were comparable to the-sprayed treatment, and in some cases
were higher in the milk treatment. The milk treatment did have a percentage of clean
fruit two times higher than the naprayed, but at 2.7% clean, there was still no
management of diseases sufficient fquality crop

This study is preliminary because there were very few replications and because
there was no standard fungicide treatmentémparison. The objective of the study
was to see if there was any indication of management of certain apple diseases with milk
applications. However, despite its preliminary nature, this study does not support milk
for the management of the diseases Were assessed.

This study also does not indicate any ftarget impacts on arthropod pests.
However, the study does indicate a significant adverse effect, i.e., premature defoliation,
as shown in the extent of yellowing (dying) leaves. In additianpthck growth
observed on the leaves in the milk treatment may have contributed to the premature

defoliation (Figure 3). This result was also seen in past res@&atthol (1) found mold
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grew on the leaf surfaces of zucchini squash when milk was aj@tipdwdery mildew
at a 30% concentration.
Overall, milk did not provide management of diseases and caused premature leaf

yellowing and defoliation of the apple trees.
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Figure 1. Orchard Map, 2007. UVM Horticultural Research Center. Experimental trees
were 'MclIntosh' on Malling 26 rootstocks. Other trees in the orchard were various scab
resistant cultivars.

SOUTH
Tree Row 5 Row 4 Row 3 Row 2 Row 1

1 - - - - -
2 : : -
K] Mac-26 - - Mac-26
I : : -
5 - - - - Mac-26
6 - - - -
7 - - - -
8 - - - -
9 - - - -

10 - - - -

11 - - - -

12 - - - -

13 - - - -

14 - - - -

15 - - - -

16 - - - -

17 - - - -

18 - - - -

19 - - - -

20 - - - -

21 - - - -

NORTH
TREATMENTS

Non-sprayed
Raw milk dilution (30% v/v)
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Figure 3. Black mold observed on milkkeated trees.

83



Jyes| pa1osjul Jad suoISs| JO Jaquinu Ues|n,

9A®Yy 10U Op Slaquwnu @2yl Bummo ] |0} SId@118 ] OU UYy11Im
19119 | 8awes a8yl Ag peamo | |0} sSuwn |02 UIYIIM SIaqunp,
Juswrea) 1ad sayeoldas sa.-s|buls £ uo sai) Jad 1NJy OG JO UBWSSSSY,

Juswyeal 1ad sayeol|dal aa11-|6uls £ uo 9al) 1ad Sjeulwia) T JO JUBWISSISSY,

‘NCE€Z=2T INCZT =TT UNCEZ =0T :UNCZZ=6:UNC HT =8 unf L =/ ‘Ke 62 (Ire) reyad) = 9 ‘Aepy

loojg-quid) = G ‘AelN 2T (juid) = v ‘Ae|N TT (fuid) = € ‘Ae £ (O1) = 2 1dy 9z (dn-usai9) = T :sbuiwn uonesddy,

90T g€ 096 2vL 9 ( 19€2Z2€9PIYT -IBD € X | 1w me
02T €€ €6 © " T 09L L8 99T -T "9pakeisds -uou
bny v2-z2 unc0z-8T  desOorT  bny yg-zz unf 02-8T Jpuiwfey/srel) v/ares pue juswiess |
SOAB9| |eulwla | JiniH S@Nes9| [eulus | COE@U:QQJ«
Rusnas qeos 0% 9OUBPIOU| qedS

O geods 9 |ddy'To
uo geds 9|ddy ‘T ajgeL

84



Jeo| pPa1dajul Jad SuoiIs9| JO Jaqwnu cmm_\/_>

aney 10U Op SJadaqwnu @2yl Buimo]|]o)} SI811da ] OU Yi11m
18119 | swes a8yl Ag pamo | |0} sSuUwWN 0D U IY1IIM S I3dqunp,
wiawieal) 1ad sareol|das aaJ1-9|6uls £ U0 9341 1ad UNJj G JO UBWISSISSY,

wswyea) 1ad sajeoldas aan-9|buis € uo 9311 Jad sfeulwial QT JO UBWSSaSSY

INCE€Z=2¢T:NCZT =TT :UNC 62 =0T :UNC ZZ =6 UnfC T =g :unf 2 = /L ‘Ae|n 62 (e} 1erad) = 9 ‘Aeiy

oo|g-juld) = G ‘Re LT Ojuid) = v :AelN TT (quid) = € ‘Aeiy £ (O1) = 2 ‘idv 9z (din-usali9) = T :sbuiwn uoneoiddy,

v'T v'0 00 T92 2 ( 1 MEZETITPIT -IBO v € Y | 1w me.
8T 90 00" " " .2 " "8G 99977 T -T '9pahkeisds -uou
bny vz-22 unc0z-8T des 0T  bBnvy yg-2z  unf 0Z-8T Jbuiwnfey/are) v/a1el pue juswiyeal |
Sanes| [eulwa | RIIE seAed| [eulwla | uonesyddy
Aanes ¥vo % 92UBPIdU| YYD

uo (Yv)D) 1sni ajdde Jepa)d 'z
1snJ ajdde Jepa) 'z s|qel

85



Jea| pajasjul Jad SuoIS3| Jo Jaquinu UesiA,

' 9 ARy ]OU Op SJdaqwnu @2yl Buimo ] |0} SI8118d] OU Yyil11Im
19119 | awes ay1l1 Ag pamo | |0} SuwN 0D U IY1IIM S I3aqunn,
wswiea 1ad sareoldas aai1-a|6uls £ uo 9311 1ad SjeuIwIs) QT JO JUSLISSESSY/

INC€Z=2¢T NC 2T =TT ‘UnC 62 = 0T ‘UNC ZZ =6 ‘UnC T = 8 ‘unC 2 = /2 ‘Aeln 62 (Irey [ead) = 9 ‘Aeiy

0o|g-quld) = G ‘KelN 2T (fuid) = ¥ :AelN TT (fuid) = € ‘Aey 2 (O1) = Z dvy 92 (di-useio) = T :sbuiwi uoneos)|ddy,

TV 0'G 062 2 (qQ282Z2Z9PAYT -1BO ve | 1w me .
0¥ gL GTZ T B8SETg9YTT T "9pahkesds-uou
bny yg-zg unc 02-8T  Bnv yz-gz  unr 02-81 LHuilifey/arer) v/eres pue juswiyeal |
SaAes| [eullls | seAed| [eulwla | uoneslddy
A1anes ddd % 9d9UdpIdUl ddd

Ueldd) suoisa| ajdind iod-uid '€ 9
Uadd) suoiss| ajdind juiod-uld "€ 8|qeL

86



Jes| pajoajul Jad suoIs3| Jo JIaquinu UBsN,,

9A®Yy 10U Op SJlaqwnu a9yl Buimo|]|o}) SsI1d118] OU Y1lIm
18119 | 8awes a8ay1 Ag peamo | |0} suwnN 0D UIY]IIM S Iadqunp,
swyea) 1ad sayeoldas aan-s|buis € uo a3 Jad Sfeulwal QT JO JUBWSSSSSY

NCEZ=2ZTNCZT =TT :UNC6Z =0T UNCZZ=6:unC ¥T =g unf 2 =/ ‘Ke 62 (e} [e1ad) = 9 Aep

0o|g-quld) = G ‘KelN 2T (quid) = ¥ :AelN TT (fuid) = € ‘Aey 2 (O1) = Z dv 92 (di-useio) = T :sBuiwi uoneos)|ddy,

60T 6'9 e6eG 9 (BYgZZEIPAT IBO e | 1w me.l
7'y 2T -~ avve - " QrL0T 9992 T -T "9pahAkeisds -uou
Bny yz-gzz unC 0Z-8T  Bny yg-gz¢  unC 02-8T JSuiifey/erel) y/erel pue juswiesal |
Sanes| [eulwls ] S@Aes| [eulwla L uonpesyjddy
FSTTEVES 9% 92USpIdU|
10ds Jes| 2110108N jods Jea)| o1joJoaN

uo sjods Jea| 010I08N ‘¥ @
uo s1ods Jea| 2110J08N 't 9|gel

87



jued2 1 J1ubi1s © @29A®Yy 10U OpP SJadagwnu a2yl Buimo | |0l SsI1d110 |
u op 18119 | Bwes a8yl Ag pamo | |0} SUWN 0D U IYIIM S I1aqunn,
Juswieal; 1ad sareol|dal sai1-a|6uls £ U0 931 Jad 1NJy OF JO JUSWISSISSY/

INCEZ=2¢TNCZT =TT :UNC6Z =0T :UNC ZZ =6 :Unf $T =8 ung 2 =/ ‘Ke 62 (le} e1ed)

) AN 2 (woojg-yuid) = G ‘AelN 2T (juid) = v ‘AelN TT (uid) = € ‘AeN £ (O1) = ¢ idy 92 (di-usai9) = T :sbuiwi uoneo)|ddy,

00T 00 L'y €17 00°2 ( IXNZZEIPIT -IBO v € | 1w me .
00 00 7T V6T - - -~ - 00 ° " T "999CZT -T "9padAkesds -uou
19ssny uing Buluayoe|q  S)0J YOS yolo|q oadsA|H JHuiwifey/arel) y/eres pue juswiess |
JIX010MAyd  [90nua] Aoos uoneslddy
das 01
Alni

uo AJIDIX0101AYd pue aseasIp JO 8dusplou] ‘G d
A101x0101Ayd pue aseasip Jo aduapidu| "G 9|gel

88



p sJaqwnu 8yl Buimo | |0} SId118 ] OU YylIM SsSuwn oI
19| @awes a8yl Ag peamo | |O ) SuUwWN OO U IY I IM S JIdqunn,
Juswrea) 1ad sayeol|das 9a.1-8|6uls € uo 8811 Jad 1NJ) OG JO JUSWISSISSY,,

Juswyea) 1ad sayeol|dal 9a.1-3|6uIS € U 8311 Jad S[euUIWIS) OT JO JUBWISSISSY/,

7=2TNCZT =TT :UNC 62 =0T UNC 22 =6 :unc ¥T =8 unf 2 =/ ‘Ke\ 62 (e} re1ad) = 9 ‘Aey ¢ (woolg
Iid) = G ‘ReN LT (quid) = ¥ ‘Rey TT (fuid) = € ‘Aey £ (O1) = 2 ‘1dy 92 (dn-usai9) = T :sbuiwn uonesljddy,

L "9 (I AVEZETO DT -IBD v€ Y| 1w me
des 01 unc 0z-8T Jpulwifey/sres) v/ares pue juswiess |
Hni4 SeAes| [eululs | uoneolddy

0% 92UBPIdU| UB3[D

I0)dWAS aseasIp Jo Uea|d 1NJ) pue alel|o) Jo 3duU3PIdU| "9 8
aseasIp Jo ueao 1nJ) pue abeljo) Jo 8duapIdU| "9 3|gel

89



90 "0 O d ‘adoue | JeA

lays 14 ‘Ajrueod 1 prubi1s 18 1p 10U Op Jd118| Bwes ayl Ag pamoO | |0 SuUWN [0OD U IY]IIM S I3daqunn,

wawrean Jad sareoljdas sau-s|6uls ¢ uo 9311 Jad s[eulwal QT JO JUBWSSISSY,

sJaulwfes| ya1o|q ajddy/wiomusl panods = gv/1S,

‘mcee=2¢1

INC6Z=0T'UnC gZ =6 unC T =8 'unc L = L ‘Ae 62 (e} [ead) = 9 ‘AeN vz (woojg-yuld) = G ‘Ae LT (uid) = v ‘RelN TT (quid) = € ‘AeiN £ (OL) = ¢ '1dv 92 (di-usai9) = T :sbujwi uoneoddy,

00 00 Y 00 0T 00 Sy L0 002 (1 X6T2Z9PAT -IBD ve | 1w me.

00 00 T¢ 00 60 00 Sy 00" - 00 * " BYVI"9o9o9ZT -T "9paAkeusds -uou

abewep abewep siaddoyyes) abewep siaddoyyes|  sanw Japids sajw spiyde SaulW enauoAT] sauiw JHuiwgey/erel) v/a1el pue juswreal |

ENEED] Jaddoyyes| orelod Jaddoyyea)  oidde auypn  panods-om) a1 ueadoing  s|dde usain Jaulwyes| uonesiddy

3saueder orelod 3| dde anym av/1ls

SgAed| [eulwla L ‘bny ¥2-2¢
abewep pue 1sad podoiyne Jo aduUapIoUl JUBIIBH

0 92UdpIouUI Bbewep pue 1sad podoiyly /8
abewep pue 1sad podoiyuy °/ a|qel

9C



"60°0 O d ‘@oueillepn Jo sIishAkjeuy ‘anj|ean-4 1ued | Jlubis e aAey 10U
JJIp 10U Op 198118 | Bwes 8yl Ag pLamoO | |0} SsuUWN [O0D U IYIIM S Idqunn,
awiean Jad sayeoldal sau-a|buis ¢ uo 831 Jad UNJy OG JO JUBWISSASSY

INCE€Z=2¢T:NCZT =TT :UNC 62 =0T :UNCZZ=6:UnC ¥T =

9 ‘Aey ¥z (woojg-yuid) = G ‘AeiN 2T (uid) = 7 ‘Aeiy TT Ojuid) = € ‘Re £ (O1) = 2 Hdy 92 (di-usai9) = T :sbuiwn uoneolddy,

Is 19 o)

=/ fen 62 (el [e19d)

eL YT 0¢ €61 €1 L0992 (1092229 PIYT -IBD ve | 1w me.
L9 L'T2 29 6'9T 0g " " "Z8 ' "IT9Z 999 T -T '9poahkeisds -uou
eioydopide]  eieydopida) Al} 1066ew bnq jued Apwes aiddy  onnaindo wnlg  abewep Jpuiwnfey/siel) y/arel pue juswiess |
[eusaiu| 29eLNns a|ddy paysiule] ueadoing 108sUl uoneolddy
JO ues|D

yni4 ‘das 0T
abeuwrep 109sul Jo 93UapIdUl JUSdId

uo abewep 199sUl JO 82UBPIOU| '8 d
10 afewrep 108sUI Jo 82uUBpIdU| '8 3|geL

—
(e}



‘saouellepA JO0O sIisA|jeuy ‘ean|eA-4 1ueodlj1ubis ® 8aABYy 10U OpP Siaqunu
184} 1p 10u op Jd8118 | owes o8yl Ag pamo | |0 SUWN OO U IY ]I IM S IdqWnN,
EELETN

{doued Jaddn Buiurewsal ayy usy ‘Adoued ayj JO WE JAMO| BY) Ul 1SII} SBABS| MO|[3A JO Jaquuinu ay) Bununod ‘ssinuiW G J0) PISSISSE Sem 3al) Yoed,

INC €2 =T NCZT =TT UNC 62 = 0T ‘UNC ZZ = 6 ‘unf T = g ‘ung
2N 62 (Ire) rerad) = 9 ‘Ael\ vz (woojg-quid) = G ‘AeN LT (quid) = v ‘KeN TT (uid) = € ‘Ae £ (O1) = g dy 92 (din-ussio) = T :sBuiwn uoneolddy,

"9 ( PEBTZETODIT -IBD vE Y| 1w me .l
q4299To oo T -T "9paAeids -uou

unc 02-8T Jbuiwfey/arel) v/arel pue juswieal |
sonea| Moj|aA uonealddy
|0 Jagwnu abelany

UO SISAjeue jea| MO||ISA ‘6 3
uo sisAfeue jea| Mo|ISA "6 3|gel

92



LITERATURE CITED

1. Bettiol, W. 1999. Effectiveness of ¢
mildew (Sphaerotheca fudineg in greenhouse conditions. Crop Protection
18:489492.

2. Burell, A.B. 1945. Practical use of our newer knowledge of apple scab control.
Proceedings of NY State Horticulture Society 906

3. Cooley, D.R., Los, L.M., Hamilton, G., Eaton, A.T., Betts L.P., Bradshaw,
T.L., Faubert, H.H., Koehler, G., Moran, R., Spitko, R., and Morin, G. 2008.
2008 New England Tree Fruit Management Guide, USDA Cooperative Extension
Service, Universities of Connecticut, New Hampshire, Maine, Rhode Island,
Massachustts, and Vermont. 237 pp.

4. Crisp, P., Wicks, T.J., Lorimer, M. and Scott, E.S. 2006a. An evaluation of
biological and abiotic controls for grapevine powdery mildew. 1. Greenhouse
studies. Australian Journal of Grape and Wine Research 12002

5. Crisp, P., Wicks, T.J., Troup, G., and Scott, E.S. 2006b. Mode of action of milk
and whey in the control of grapevine powdery mildew. Australian Plant
Pathology 35:487493.

6. Ellis, M.A., Ferree, D.C., Funt, R.C., and Madden, L.V. 1998. Effects of an
appk scabresistant cultivar on use patterns of inorganic and organic fungicides
and economics of disease control. Plant Disease 82(43328

7. EnvironmentaProtection Agency (EPA). 2006Toxicity categories and
pesticide label statements.
http://www.epa.gov/pesticides/health/tox_categories.htm

8. Flatz, G. 1987. Genetics of lactose digestion in humans. Advanced Human
Genetics 16:477.

9. Gadoury, D.M. and MacHardy, W.E. 1982. Adebto estimate the maturity of
ascospores ofenturia inaequalis Phytopathology 72:90304.

10.Gadoury, D.M., Seem, R.C., and Stensvand, A. 1995. New Developments in
Forecasting the risk of apple scab. N.Y. Fruit Quarterly82:5

93


http://www.epa.gov/pesticides/health/tox_categories.htm

11.GarciaGaribay, M., lunaSalazar, A., and Casas, L.T995. Antimicrobial
effect of the lactoperoxidase system in milk activated by immobilized enzymes.
Food Biotechnology 9(3):15766.

12.Hamilton, J.M. and Keitt, G.W. 1928. Certain sulfur fungicides in the control of
appk scab. Phytopathology 18:1487.

13.Hed, B. and Travis, J.W. 2005. Evaluation of fertilizers and alternative
fungicides for control of powdery mildew of Concord grapes, 2004. Fungicide
and Nematicide Tests. 60:SMF027.

14.Holb, I1.J., De Jong, P.F., ancekhe, B. 2003. Efficacy and phytotoxicity of lime
sulfur in organic apple production. Annals of Applied Biology 142(2):22S.

15.Holdsworth, R.P. 1972. European red mite and its major predators: Effects of
sulfur. Journal of Economic Entomology 65(2981099.

16.Korycka-Dahl, M. and Richardson, T. 1978. Photogeneration of superoxide
anion in serum of bovine milk and in model systems containing riboflavin and
amino acids. Journal of Diary Science 61(4)-400.

17.Lewis, F.H., and Hickey, K.D. 197Zungicide usage on deciduous fruit trees.
Annual Review of Phytopathology 10:3928.

18.MacDaniels, L.H. and Furr, J.R. 1930. The effect of dustirfur upon the
germination of the pollen and the set of the fruit of the apple. Bulletin Cornell
University Agriculture Experiment Station 49913.

199MacHardy, W.E. and Gadoury, D. M. 1989.
predicting apple scab infection periods. Phytopathology 796304

20.MacHardy, W.E. 1996. Apple Scab Biology, Epidemiology and &dament.
American Phytopathological Society Press, St. Paul, 946 pp.

21.MacPhee, A.W. and Sanford, K.H. 1954. The influence of spray programs on the
fauna of apple orchards in Nova Scotia. VII. Effects on some beneficial
arthropods. The Canadiamt&mologist 86:128.35.

22.MacPhee, A.W. and Sanford, K.H. 1956. The influence of spray programs on the

fauna of apple orchards in Nova Scotia. X. Supplement to VII. Effects on some
beneficial arthropods. The Canadian Entomologist 886331

94



23.McArtney, S., Palmer, J., Davies, S., and Seymour, S. 2006. Effects of lime
sulfur and fish oil on pollen tube growth, leaf photosynthesis and fruit set in
apple. HortScience 41(2):3560.

24.Palmer, J.W., Davies S.B., Shaw, P., and Wunsche, J.N. 2003. Guoavifuit
gual ity of oO0OBraeburndéd apple trees as 1in
for organic production. N.Z. Journal of Crop Hort. Science 311169

25.Palmiter, D.H. and Smock, R.M. 1954. Effect of fungicides on MclIntosh apple
yield and quaty: a five year study under Hudson Valley conditions 12993.
Geneva, N.Y.: New York State Agricultural Experiment Stati86.pp.

26.Pscheidt, J.W. and Kenyon, G. 2004. Efficacy of powdered whey for control of
grape powdery mildew, 2003. Fungicigled Nematicide Tests 59:SMF040.

27.Ravensberg, W.J. 2006. A novel natural-amtrobial product for use as an
agricultural bactericide and fungicide. Proceedings'dhternational
symposium on Biocontrol of Bacterial Plddiseases, Oct. 236 2005.163 166

pp.

28.Reardon, J.E. 2002. Field validation of a new sequential sampling technique for
determining O0risk6é of apple scab in Ver
University of Vermont, Burlingtor91 pp.

29.Reardon, J.E., Berkett, L.P., Garcia, M&atlieb, A., Ashikaga, T., and Badger,
G. 2005. Field evaluation of the new sequential sampling technique for
determining apple scab -6 i sko. Pl ant D

30.SAS Institute. 2002. SAS Institute, Inc., Cary, N.C.

31.Stensvand, A., Gadoury, ., Amundsen, T., Semb, L., and Seem, R.C. 1997.
Ascospore release and infection of apple leaves by conidia and ascospores of
Venturia inaequalist low temperatures. Phytopathology 87:10063.

32.van de Vrie, M. 1962. The influence of spray chemioalpredatory and

phytophagous mites on apple trees in laboratory and field trials in the
Netherlands. BioControl 7(3):2420.

95



COMPREHENSIVE BIBLIOGRAPHY

1. Agnello, A. ed. 2008. 2008 Pest Management Guidelines for Commercial Tree
Fruit Production.Cornell University Cooperative Extension.
http://ipmqguidelines.org/TreeFruits/default.asp

2. Agnello, A.M., Reissig, W.H., and Harris, T. 1994. Management of summer
populations of European red mite (Acari:Tetranychidae) on apple with
horticultural oil. Journal of Horticultural Entomology 87(1):14%1.

3. Andrews, J.H., O6Mara, J. K., -riefadn Mc Manu
and potassium bicarbongpelymer sprays control apple flyspeck and sooty
blotch. Plant Health Progress doi:10.1094/FP28P10706-01-RS.

4. Betti ol , W. 19909. Ef fectiveness of <co
mildew (Sphaerotheca fuliginea) in greenhouse conditions. Crop Protection
18:489492.

5. Bower, K.N., Berkett, L.P., and Costante, J.F. 1995. Nontarget effect of a
fungicide spray program on phytophagous and predacious mite populations in a
scabresistant apple orchard. Environmental Entomology 24(2)4823

6. Brun, L.A., Maillet, J., Hinsinger, P., and Pepin, M. 2001. Evaluation of copper
availability to plantsn coppercontaminated vineyard soils. Environmental
Pollution 111:293302.

7. Burchill, R.T., Hutton, K.E., and Crosse, J.E. 1965. Inhibition of the perfect
stage of Venturia inaequalis (Cooke) Wint., by urea. Nature 205(4976Z20

8. Burell, A.B. 195. Practical use of our newer knowledge of apple scab control.
Proceedings of NY State Horticulture Society 906

9. Calvert, D.J. and Huffaker, C.B. 1974. Predator [Metaseiulus occideiitalis]
prey [Pronematus spp.] interactions under sulfur artdicpbllen applications in
a noncommercial vineyard. Entomophaga 19(3):364.

10.Carisse, O. and Rolland, D. 2004. Effect of timing of application of the
biological control agent Microsphaeropsis ochracea on the production and
ejection pattern of ascpsres by Venturia inaequalis. Phytopathology
94(12):13051314.

96



11.Coli, W.M. ed. 2003. 2002004 New England Apple Pest Management Guide,
USDA Cooperative Extension Service, Universities of Connecticut, New
Hampshire, Maine, Rhode Island, Massachusetts Vermont. 157 pp.

12.Cooley, D.R., Autio, W.R., Tuttle, A., and Krupa, J. 2006. Alternative
fungicides for management of sooty blotch and flyspeck. Fruit Notes372:1

13.Cooley, D.R., Los, L.M., Hamilton, G., Eaton, A.T., Berkett, L.P., Bradshaw,
T.L., Faubert, H.H., Koehler, G., Moran, R., Spitko, R., and Morin, G. 2008.
2008 New England Tree Fruit Management Guide, USDA Cooperative Extension
Service, Universities of Connecticut, New Hampshire, Maine, Rhode Island,
Massachusetts, and Vermor37 pp.

14.Cranham, J.E. and Solomon, M.G. 1981. Mite management in commercial apple
orchards. Report For East Malling Research Station for 1980 D471771

15.Crisp, P., Wicks, T.J., Lorimer, M. and Scott, E.S. 2006a. An evaluation of
biological and abiotic@ntrols for grapevine powdery mildew. 1. Greenhouse
studies. Australian Journal of Grape and Wine Research 12002

16.Crisp, P., Wicks, T.J., Troup, G., and Scott, E.S. 2006b. Mode of action of milk
and whey in the control of grapevine powdery mildedwstralian Plant
Pathology 35:487493.

17.Dehne, Nicole. 3 Feb 2009. Personal communication. Nicole Dehne,
Certification Administrator, Vermont Organic Farmers LLC. Northeast Organic
Farming Association, P.O. Box 697 Richmond, VT, 05477.

18.Earles, R.2005. Sustainable agriculture: An introduction. ATTRA.
http://attra.ncat.org/attraub/PDF/sustagintro.pdf

19. Economic Research Service (ERS), United States Department of Agriculture
(USDA). 2008. Organic Productiorhttp://www.ers.usda.gov/Data/Organic/

20.Eijsackers, H., Beneke, P., Maboeta, M., Louw, J.P.E., and Reinecke, A.J. 2005.
The implications of copper fungicide usage in vineyards for earthworm activity
and resulting sustaibée soil quality. Ecotoxicology and Environmental Safety
62:99111.

21.Ellis, M.A. 1992. Sooty blotch and fly speck of apple. Ohio State University
Extension Fact Sheet HY:@02292. http://ohioline.osu.edu/hyg
fact/3000/3022.html

97


http://attra.ncat.org/attra-pub/PDF/sustagintro.pdf

22.Ellis, M.A., Ferree, DC., Funt, R.C., and Madden, L.V. 1998. Effects of an
apple scabesistant cultivar on use patterns of inorganic and organic fungicides
and economics of disease control. Plant Disease 82(43328

23. Environmental Protection Agency (EPA). 2006. Tayiciategories and
pesticide label statements.
http://www.epa.gov/pesticides/health/tox_categories.htm

24.Flatz, G. 1987. Genetics of lactose digestion in humans. Advanced Human
Genetics 16:477.

25.Food Agriculture Conservation and Trade Act. 1990. Euldiv No. 101624,
104 Stat. 3359http://www.nationalaglawcenter.org/assets/farmbills/ 199l f

26.Gadoury, D.M. and MacHardy, W.E. 1982. A model to estimate the maturity of
ascospores of Venturia inaequalis. Phytopathology 7209d1

27.Gadoury, D.M.Seem, R.C., and Stensvand, A. 1995. New Developments in
Forecasting the risk of apple scab. N.Y. Fruit Quarterlyg2:5

28.GarciaGaribay, M., LuneSalazar, A., and Casas, L.T995. Antimicrobial
effect of the lactoperoxidase system in milk activatgdthtmobilized enzymes.
Food Biotechnology 9(3):15Z66.

29.Gloyer, W.O. 1933. Evaluation of applications of liswdfur for the control of
apple scab. NY State Agricultural Experiment Station, Geneva, NY. Bulletin No.
624:2-39.

30.Hagley, E.A.C. 1996. éneficial insects in tree fruit orchards in Southern
Ontario. Ontario Ministry of Agriculture, Food and Rural Affairs.
http://www.omafra.gov.on.ca/english/crops/factsf®.htm#Araneae

31.Hamilton, J.M. and Keitt, G.W. 1928. Certain sulfur fungicidethexcontrol of
apple scab. Phytopathology 18:1447.

32.Hardman, J.M., Rogers, R.E.L., Nyrop, J.P., and Frisch, T. 1991. Effect of
pesticide applications on abundance of European red mite (Acari: Tetranychidae)
and Typhlodromus pyri (Acari: Phytoseiidae Nova Scotian apple orchards.
Journal of Economic Entomology 82(2):5380.

33.Hed, B. and Travis, J.W. 2005. Evaluation of fertilizers and alternative
fungicides for control of powdery mildew of Concord grapes, 2004. Fungicide
and Nematicide Test$0:SMF027.

98



34.Helena Chemical Company. 2003. BEdat e Ar mi car b A OO0 | abel

http://www.helenachemical.com/Specialty/ MSDS/ECO
MATE%20ARMICARB%200.pdf

35.Holb, 1.J. 2005. Effect of pruning on apple scab in organic apple production.
Plant Disease 8611-618.

36.Holb, 1.J., De Jong, P.F., and Heijne, B. 2003. Efficacy and phytotoxicity of lime
sulfur in organic apple production. Annals of Applied Biology 142(2):2285.

37.Holdsworth, R.P. 1972. European red mite and its major predators: Effects of
sulfur. Journal of Economic Entomology 65(2):108899.

38.Johnson, W.T. 1985. Horticultural oils. Journal of Environmental Horticulture
3(4):188191.

39.Jones, A.L. and Aldwinckle, H.S. 1990. Compendium of Apple and Pear
Diseases. APS Press, The Aman Phytopathological Society, St. Paul, MN.
100 pp.

40.Kaplan, M. 1999. Accumulation of copper in soils and leaves of tomato plants in
greenhouses in Turkey. Journal of Plant Nutrition 22(2)284.

41.Klonsky, K. 2000. Forces impacting the productidrorganic foods.
Agriculture and Human Values 17:22343.

42.KoryckaDahl, M. and Richardson, T. 1978. Photogeneration of superoxide
anion in serum of bovine milk and in model systems containing riboflavin and
amino acids. Journal of Diary Science 64aP-407.

43.Lacasse, S.T. 16 Dec 2008. Personal communica8tephen T. Lacasse,
FreshAppeal Ltd. Sales Directdd.S.A., Canada, & Latin America, 197 Skyline
Drive Keene, NH 03431.

44.Lewis, F.H., and Hickey, K.D. 1972. Fungicide usage on deciduoitsrées.
Annual Review of Phytopathology 10:3928.

45Lunden, J.D. and Grove, G. G. 2004.
measures, Prosser, WA, 2003. Fungicide and Nematicide Tests 59:SMF014.

99



46.MacDaniels, L.H. and Furr, J.R. 1930. The efféduwstingsulfur upon the
germination of the pollen and the set of the fruit of the apple. Bulletin Cornell
University Agriculture Experiment Station 49913

47.MacHardy, W.E. 1996. Apple Scab Biology, Epidemiology and Management.
American Phytopathotgical Society Press, St. Paul, MN45 pp.

48 MacHardy, W.E. and Gadoury, D. M. 1989.
predicting apple scab infection periods. Phytopathology 798304

49.MacPhee, A.W. and Sanford, K.H. 1954. The influence of sprayarts on the
fauna of apple orchards in Nova Scotia. VII. Effects on some beneficial
arthropods. The Canadian Entomologist 86:128.

50.MacPhee, A.W. and Sanford, K.H. 1956. The influence of spray programs on the
fauna of apple orchards in Nova Scotd&. Supplement to VII. Effects on some
beneficial arthropods. The Canadian Entomologist 886331

51.MacPhee, A.W. and Sanford, K.H. 1961. The influence of spray programs on the
fauna of apple orchards in Nova Scotia. Xll. Second Supplement.ta=¥#cts
on beneficial arthropods. Canadian Entomologist 93673

52.McArtney, S., Palmer, J., Davies, S., and Seymour, S. 2006. Effects of lime
sulfur and fish oil on pollen tube growth, leaf photosynthesis and fruit set in
apple. HortScience 41(3p7-360.

53.Merwin, I.A., Brown, S.K., Rosenberger, D.A., Cooley, D.R., and Berkett, L.P.
1994. Scadresistant apples for the northeastern United States: New prospects and
old problems. Plant Disease 78(1)4.

54.Mills, W.D. 1944. Efficient use of swlf dusts and sprays during rain to control
apple scab. Cornell Extension Bulletin 630. 4 pp.

55.Moline, H.E. and Locke, J.C. 1993. Comparing neem seed oil with calcium
chloride and fungicides for controlling postharvest apple decay. HortScience
28(7):710-720.

56.National Agricultural Statistics Service (NASS). 2002. 2002 Census of
Agriculture, Volume 1 Chapter 1: Vermont State Level Data. Agricultural
Statistics Board, United States Department of Agriculture.
http://www.nass.usda.gov/census/census@@mel/vt/index1.htm

10C



57.National Agricultural Statistics Service (NASS). 2008a. Crop Production.
Agricultural Statistics Board, United States Department of Agriculture.
http://www.usda.mannlib.cornell.edu/usda/current/CropProd/CropPrdd)-

2008.pdf

58. National Agricultural Statistics Service (NASS). 2008b. Crop Values 2007
Summary. Agricultural Statistics Board, United States Department of
Agriculture.
http://www.usda.mannlib.cornell.edu/usda/current/CropValuSu/CropVad@Su

14-2008.pdf

59. National Inegrated Pest Management Forum (NIPMF) proceedings. 1992.
American Farmland Trust, DeKalb, IL. 86 pp.

60. National Organic Program (NOP). 2000. Final Rule, Program standards. Federal
Register 7CFR Pt 205ttp://www.ams.usda.gov/nop/NOP/standards.html

61.National Organic Standards Board (NOSB), 1995. USDA National Organic
Standards Board definition, April 1995. NOSB meeting April 1995.
http://www.nal.usda.gov/afsic/pubs/ofp/ofp.shtml

62.Northeast Organic Farming Association (NOFA). 2002. The NOFAdiatie
Council. http://www.nofa.org

63.Organic Trade Association (OTA). 2008. Industry Statistics and Projected
Growth; 2007 OTA Manufacturer Survefitp://www.ota.com

64.Palmer, J.W., Davies S.B., Shaw, P., and Wunsche, J.N. 2003. Growth and fruit
quai ty of o6Braeburnd apple trees as infl
for organic production. N.Z. Journal of Crop Hort. Science 31116R

65. Palmiter, D.H. and Smock, R.M. 1954. Effect of fungicides on McIntosh apple
yield and quality: a five yer study under Hudson Valley conditions 194353.
Geneva, N.Y.: New York State Agricultural Experiment Stati8é.pp.

66. Parisi, L., Lespinasse, Y., Guillaumes, J., and Kruger, J. 1993. A new race of
Venturia inaequalis virulent to apples with resisedue to the Vf gene.
Phytopathology 83:53337.

67.Paul, P.K. and Sharma, P.D. 2002. Azadirachta indica leaf extract induces

resistance in barley against leaf stripe disease. Physiological and Molecular Plant
Pathology 61:3L3.

101



68.Pearson, R.C., Aldwind&, H.S., and Seem, R.C. 1981. Cedar apple rust. New
York State Integrated Pest Management, Cornell University.
http://www.nysipm.cornell.edu/factsheets/treefruit/diseases/car/car.asp

69.Prischmann, D.A., James, D.G., Wright, L.C., Teneyck, R.D., andeSnW.E.
2005. Effects of chlorpyrifos and sulfur on spider mites (Acari: Tetranychidae)
and their natural enemies. Biological Control 33:334.

70.Pscheidt, J.W. and Kenyon, G. 2004. Efficacy of powdered whey for control of
grape powdery mildew, 230 Fungicide and Nematicide Tests 59:SMF040.

71.Ravensberg, W.J. 2006. A novel natural-amtrobial product for use as an
agricultural bactericide and fungicide. Proceedings of 1st International
symposium on Biocontrol of Bacterial Plant Diseases, 826 2005.163- 166

pp.

72.Reardon, J.E. 2002. Field validation of a new sequential sampling technique for
determining O0riskoé of apple scab in Ver
University of Vermont, Burlington. 91 pp.

73.Reardon, J.E., Berkett, L.P.a€&ia, M.E., Gotlieb, A., Ashikaga, T., and Badger,
G. 2005. Field evaluation of the new sequential sampling technique for
determining apple scab -6 i sko. Pl ant D

74.Ross, R.G. and Burchill, R.T. 1968. Experiments using sterilizelé-&gaf discs
to study the mode of action of urea in suppressing perithecia of Venturia
inaequalis (Cke.) Wint. Annals of Applied Biology 62:28396.

75.Rovesti, L., Di Marco, S., and Pancaldi, D. 1992. Effect of neem kernel extract
on some phytopathogerfungi under greenhouse conditions. Journal of Plant
Diseases and Protection 99(3):2235.

76.SAS Institute. 2002. SAS Institute, Inc., Cary, N.C.

77.SmitherKopperl, M.L., Datnoff, L.E., and Cantliffe, D.J. 2005. Evaluation of
fungicides and prophyléc treatments for control of powdery mildew on Beit
Alpha cucumber, 2004. Fungicide and Nematicide Tests 60:V008.

78.Spurgeon, D.J., Svendsen, C., Lister, L.J., Hankard, P.K., and Kille, P. 2005.
Earthworm responses to Cd and Cu under fluctuating emagotal conditions: A
comparison with results from laboratory exposures. Environmental Pollution
136:443452.

10z



79.Stensvand, A., Gadoury, D.M., Amundsen, T., Semb, L., and Seem, R.C. 1997.
Ascospore release and infection of apple leaves by conidia anghaseosf
Venturia inaequalis at low temperatures. Phytopathology 87:1088.

80. StevensGarmon, J., Huang, C.L., and Lin, B.H. 2007. Organic Demand: A
Profile of Cusomers in the Fresh Produce Market. American Agricultural
Economics Association, ChoseThe Magazine of Food, Farm, and Resource
Issues 22(2):10915.

81. Stirling, A.M., Pegg, K.G., Hayward, A.C., and Stirling, G.R. 1999. Effect of
copper fungicides on Colletotrichum gloeosporioides and other microorganisms
on avocado leaves and fruit. gttalian Journal of Agricultural Research
50(8):14591468.

82.Sutton, D.K., MacHardy, W.E., and Lord, W.G. 2000. Effects of shredding or
treating apple leaf litter with urea on ascospore dose of Venturia inaequalis and
disease buildup. Plant Disease 8433326.

83.Sutton, T.B. and Anas, O. 2001. Evaluation of QRD 137 (Serenade) and QRD
131 for control of bitter rot and bot rot. Biological and Cultural Tests. 17:NO1.

84.Swinburne, T.R., Barr, J.G., and Brown, A.E. 1975. Productions of antibiotics
by Badllus subtilis and their effect on fungal colonists of apple leaf scars.
Transactions British Mycological Society 65(2):2217.

85.Tamm, L., Amsler, T., Scharer, H., and Refardt, M. 2006. Efficacy of Armicarb
(potassium bicarbonate) against scab andydaotch on apples. Proceedings of
12th International Conference on Cultivation Technique and Phytopathological
Problems in Organic FruBrowing Jan. 31 Feb. 2, 2006. International
Federation of Organic Agriculture Movements pp.

86.Toure, Y., OngenaM., Jacques, P., Guiro, A., and Thonart, P. 2004. Role of
lipopeptides produced by Bacillus subtilis GAL in the reduction of grey mould
disease caused by Botrytis cinerea on apple. Journal of Applied Microbiology
96:11511160.

87.Travis, J.W., HalbrendiN.O., Rytter, J., Lehnam, B., and Jarjour, B. 2005a.
Evaluation of alternative fungicide programs for control of fly speck and sooty
blotch on Golden Delicious and Cortland apples in Pa, 2005. Biological and
Cultural Tests. 21:N010.

10¢



88.Travis, J.W., Hiorendt, N.O., Rytter, J., Lehnam, B., and Jarjour, B. 2005b.
Evaluation of organic alternatives for control of apple scab, 2005. Biological and
Cultural Tests. 21:N0O09

89. United States Department of Agriculture (USDA). 2002. United States Standards
for Grades of Apples. USDA Agricultural Marketing Service, Fruit and
Vegetable Programs, Fresh Products Brarighpp.

90.van de Vrie, M. 1962. The influence of spray chemicals on predatory and
phytophagous mites on apple trees in laboratory and field imizhe
Netherlands. BioControl 7(3):24250.

91.Vermont Organic Farmers (VOF). 2006. Brand name product list for organic
crop production. Vermont Organic Farmers LLC.

92.Way, M.J. and van Emden, H.F. 2000. Integrated pest management in practice
pathways towards successful application. Crop Protection 18031

93.Willer, H. and Yussefi, M. ed. 2007. The World of Organic Agriculture:
Statistics & Emerging Trends 2007, 9th edition. International Federation of
Organic Agriculture Movements IFOAM, BanGermany and Research Institute
of Organic Agriculture FiBL, Frick, Switzerland®52 pp.

94.Willet, M. and Westigard, P.H. 1988. Using horticultural spray oils to control

orchard pests. Cooperative extension, Pullman, WA, Pacific Northwest Extension
Publication 328:68.

104



APPENDICES

The following section includes supplementary data and information for this
research, such as maps of the reseamaod and weather data collected. This

information is incorporated here to provide additional informdfioriuture readers.
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APPENDIX D. Leaf Emergence

Appendix D-1. Leaf BEnergence Assessment Methods, UVM Horticultural Research
Center, South Burlington, VT.

Leaf emergence was assessed throughout the 2007 and 2008 growing seasons to
potentially allow infection periods and spray applications to be compared to location of
disease symptoms on the terminals. To obtain an average @neafjence, terminals
were selected and flagged on five reprayed and five lime sulfur/sulfur treated
OEmpired t r e ershardofthistaltemativedusgicide studyihe position of
the last unfurled leaf on ten vegetative terminals per tree was assessed and recorded every
7-10 days. The terminals were selected from within the upper (within eight feet from the
ground), lower, inner, and outer canopy; terminals were selected fromdattoe whole
area of the tree circumference.

In 2007 and 2008, leaf emergence was not monitored throughout the entire season
on some of the selected terminals because the tip was broken due to mechanical injury or
the entire terminal was mistakenly paghduring summer pruning in the orchard.

Therefore, there wasissing data for these terminals after certain dates. Leaf emergence

was measured from 10 M&y23 July 2007 and 19 Mdy4 August 2008.



AppendixD-2a.2 007 Leaf Emergeneé Aseessmant esé@éBm
UVM Horticultural Research Center, South Burlington, VT.

Date Tre€ # leaves/Terminal (range)  # leaves/Terminal (avg)
5/10/2007 non 3-12 6
LS/S 3-8 6
5/19/2007 non 4-12 8
LS/S 5-10 8
5/23/2007 non 4-12 9
LS/S 6-11 9
6/4/2007 non 8-16 13
LS/S 6-17 12
6/11/2007 non 8-18 14
LS/S 6-18 14
6/18/2007 non 8-20 14
LS/S 6-22 15
6/25/2007 non 9-23 15
LS/S 5-25 15
7/3/2007 non 8-25 16
LS/S 6-25 18
7/9/2007 non 8-28 19
LS/S 6-32 20
7/17/2007 non 9-31 20
LS/S 6-35 20
7/23/2007 non 9-33 21
LS/S 6-37 21

‘non=non-sprayed treatment LS/S=lime sulfur/sulfur treatment. Ten terminals on all five trees in ea
these treatments were assessed for leaf emergence so to gauge what leaf positions were present &
infection periods.
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AppendixD-2b. 2008 Leaf Emergence Assessment, 60 Em
UVM Horticultural Research Center, South Burlington, VT.

Date Tre€ # leaves/Terminal (range)  # leaves/Terminal (avg)
5/19/2008 non 8-12 11
LS/S 9-13 11
5/27/2008 non 8-14 12
LS/S 9-14 12
6/2/2008 non 9-16 13
LS/S 10-16 13
6/9/2008 non 9-19 16
LS/S 10-18 14
6/16/2008 non 11-22 17
LS/S 10-20 14
6/23/2008 non 11-23 18
LS/S 10-22 15
6/30/2008 non 11-27 19
LS/S 10-24 16
7/7/2008 non 11-30 21
LS/S 10-27 17
7/14/2008 non 11-33 22
LS/S 10-30 19
7/21/2008 non 11-37 24
LS/S 10-33 20
8/4/2008 non 11-42 25
LS/S 10-37 21

‘non=non-sprayed treatment LS/S=lime sulfur/sulfur treatment. Ten terminals on all five trees in ea
these treatments were assessed for leaf emergence so to gauge what leaf positions were present &
infection periods.
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Appendix E. Phytotoxicburns and russetting observed on fruit.

Figure 1. Phytotoxic burns
on OEmpired fruit,

Figure2. Phyt ot oxi ¢ burns on OEr
fruit, Sept 2007.
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