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Cumberland - Shenandoah Fruit Workers Conference — Program Highlights

The 69th meeting of the Cumberland-Shenandoah Fruit Workers Conference was hosted by West
Virginia (West Virginia University) at the Cliffside Inn in Harpers Ferry, WV. The meeting
was held on Thursday and Friday, November 18-19, 1993, with 64 registered participants and
59 presented papers. Alan Biggs was the General Chair and Chair of the Plant Pathology
Section, Henry Hogmire was Chair of the Entomology Section and Morris Ingle was Chair of
the Horticulture Section. Alan Biggs appointed a nominating committee from New Jersey and
South Carolina (Dean Polk and Eldon Zehr, respectively) to nominate officers for the 1994
meeting.

The Thursday morning session started with a "Call of the States", consisting of brief reports of
crop conditions and pest summaries for the 1993 season. The General Session was devoted to
the topic of regionalization of fruit research and extension programs in the PA-MD-WV-VA
region. The session began with a presentation by Dr. Charles Krueger et al. and was followed
by a panel presentation and then a broad general discussion among the members. Panel
members were Paul Steiner (MD), Rick Heflebower (MD), Lynn Moore (MD), Bill Huehn
(National Fruit Products Co., VA), Keith Yoder (VA), and Ed Rajotte (PA).

Following the General Session, three concurrent sessions were held on Thursday afternoon and
two concurrent sessions were held on Friday morning. There were 8 presentations in
Horticulture, 25 in Plant Pathology and 26 in Entomology. On Friday morning, Deborah
Shaffer (USDA) and Win Cowgill (NJ) provided information on the use of Internet and the
Apple Discussion Group on Internet. Their program was repeated for the entomologists prior
to the Business Meeting.
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(Plant Pathology continued) -3-
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D. G. Pfeiffer and L. F. Ponton |
Mating Disruption of Leafrollers and Codling Moth - 1993
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(Entomology continued) -5~
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69th Cumberland-Shenandoah Fruit Workers Conference
Minutes of Business Meeting

John Sencindiver, Interim Director, WVU Division of Plant and Soil Sciences, formally
welcomed CSFWC participants on behalf of the host state, West Virginia. He commended the
group for providing the mechanism for informal cooperation among state and federal fruit crop
research and extension personnel during the past 69 years.

Old Business:

George Greene moved and Rob Crassweller seconded that:
The next CSFWC be held November 17 and 18, 1994 and that the officers for the 1994

meeting investigate new sites along I-81 (near Martinsburg). Motion carried.

Host states for the next conference are New Jersey and South Carolina. The nominating
committee for the 70th conference selected the following officers for the 1994 meeting: Dean
Polk, general chairperson; Bill Tieljen, Secretary-Treasurer; Clyde Gorsuch, Entomology
Section Chairperson; Walker Miller, Plant Pathology Section Chairperson; Bill Olien,
Horticulture Section Chairperson.

Secretary-Treasurer, Tara Baugher, reported that 64 individuals registered for the 1993 meeting
and that the current treasury balance was $1158.18. After paying Cliffside for breaks and
preparing and mailing the proceedings, the final balance will be forwarded to New Jersey for
the 1994 meeting.

Rob Crassweller moved and Bob Rouse seconded that:
On the 1994 registration form a column be added for people who just want to order the

proceedings. Motion carried.

Section Chairpersons, Morris Ingle (Horticulture), Alan Biggs (Plant Pathology), and Henry
Hogmire (Entomology) gave reports on the concurrent sessions (individual papers in

proceedings).

Alan Biggs reported that West Virginia followed through on the 1992  motion to investigate the
cost of the "Steiner" method of doing proceedings vs the traditional method. The cost
comparison was $25 vs $4, so the 1993 proceedings will be handled as in the past.

Ken Hickey moved and Larry Hull seconded that:
The CSFWC Mission Statement (printed inside of front cover) be adopted. Motion carried.

Alan Biggs reported that West Virginia also followed through on the 1992 motion to develop a
list of fruit workers in the Cumberland-Shenandoah region and their major responsibilities.
The list is published in these proceedings and is to be updated by host states every two years.

George Greene moved and Steve Miller seconded that:
Each state send a written summary of the Call of the States to West Virginia for inclusion in



the proceedings by December 15th. Motion carried.

Alan Biggs announced that uncollated papers should also be submitted no later than December
15th.

CSFWC participants discussed the possibility of organizing a committee to investigate
opportunities for cooperating with the SE fruit workers’ group. It was decided that this
should be discussed further in 1994.

New Business:

There was a moment of silence to remember past members George Rock and Frank Huyettson.

Tara Baugher and Bill Kleiner reported on the outcome of the meeting on the regional fruit
school planning process. Ten individuals responded to Rob Crassweller’s questionnaire.
Participants in the discussion reviewed questionnaire results and recommended that 1) the
regional fruit school be held every two years rather than every year; 2) the audience include
growers, county staff and industry consultants; 3) the hosts be Pennsylvania (1995), West
Virginia (1997), Maryland (1999), New Jersey (2001) and Virginia (2003); 4) the dates and
locations be decided by the planning committee but that ample advanced notice be given to
potential participants; and 5) the planning committee (2 members/state) hold its first meeting one
year in advance of the fruit school.

Larry Hull and Paul Steiner reported on subgroup meetings to address how to form a CSFWC
executive council on regionalization of fruit research and extension programs. Considerable
discussion ensued.

Ross Byers moved and Larry Hull seconded that:
A committee be formed to look into the feasibility of forming a CSFWC council to interact
with administrators and growers about future regionalized efforts in tree fruits. Motion carried.

Paul Steiner moved and Rick Heflebower seconded that:

The committee be composed of 3 representatives (a horticulturist, an entomologist and a plant
pathologist) from Virginia, West Virginia, Maryland and Pennsylvania and 1 representative from
USDA and New Jersey. Motion carried.

George Greene moved and Ross Byers seconded that:
Each state/agency select their own representatives and send the list to Tara Baugher by
December 15th. Motion carried. (List is printed inside of front cover of proceedings.)

Morris Ingle moved and Ross Byers seconded that:
George Greene convene the first meeting of the committee. Motion carried.

Alan Biggs called for suggestions for the general session for the 1994 conference. There was
general agreement that the topic should once again be regionalization and that 1 key
administrator from each institution and 1 representative from each horticultural society
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(preferably a steering committee member) be in attendance.

Ken Hickey moved and Morris Ingle seconded that:
The meeting be adjourned. Motion carried.

Future meetings and host states:

1994 - New Jersey and South Carolina
1995 - Virginia

1996 - Maryland and Delaware

1997 - North Carolina

1998 - USDA

1999 - Pennsylvania (75th anniversary)
2000 - West Virginia

Respectfully submitted,

Tara A. Baugher, Secretary-Treasurer
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Fruit Worker

DELAWARE
Mulrooney#*
Whalen®
MARYLAND
Dively

Heflebower

Rouse

Schlimme
Steiner
Solomos®
Swartz
Walsh®

NEW JERSEY

Cowgill

Durner

Vacant
Fiola
Vacant
Frecon
Goffreda
Majek®
Miller
Pavlis

Polk

Vacant
Tietjen
Vorsa, L.

Vorsa, N.

NORTH CAROLINA

Ballington

Blankenship

Mainland

FRUIT

Discipline

Plant Pathology

IPM

Entomology

Regional Horticult
Specialist

Regional Horticult
Specialist

Horticulture
Plant Pathology
Horticulture
Horticulture

Horticulture

Area Horticulture
Specialist

Horticulture,
Physiclogy

Pomology
Horticulture
Entomology
Horticulture Agent
Genetics/Breeding
Weed Scientist
Horticulture Agent
Horticulture Agent

IPM Agent

Plant Pathology
Pathology
Horticulture Agent

Breeding/Horticult

Horticulture

Horticulture

Horticulture

WORKERS IN THE CUMBERLAND-SHENANDOAH REGION

% of Total Appointment

Fruit Fruit Fruit
Research Extension Teaching
5
10
5 5
ure 100
ure 50
20 10
50 50
33
90 10
30 10
50
70
30 70
70
70
25
80
90
100
30 70
50
30
ure 70 30
70 30
80 20
20 80

Areas of Emphasis
in Fruit Crops

Disease ID In IPM

Tree Fruit IPM

Strawberry, Tree Fruit IPM

All Fruit

Small Fruit, Peach

Post Harvest, Peach Packaging
All Fruit

Postharvest Physiology-Apples
Small Fruit

All Fruit

All Fruit

Peach, Apple

Strawberry, Grape, Raspberry

All Fruit

Peach, Apricot, Apple

All Fruit

Apple, Peach, Tree Fruit
Blueberry, Grape, Bramble

Grape, Apple, Peach, Pear,
Blueberry

All Fruit
Apple, Peach
Tree Fruit

Blueberry, Cranberry

Blueberry, Bramble, Strawberry
Breeding

Postharvest Apple

Blueberry, Grape

*Tree Fruit commitment is less than 50%, but university indicated that contribution to tree fruit program
was to significant that individual should be listed.



Fruit Worker
Meyer

Parker
Poiing
Ritchie*

Shelton¥*
Sorensen®

Sutton
Unrath

Werner
Walgenbach
Young
PENNSYLVANIA
Crassweller

Daum*

Goulart
Greene
Haeseler

Halbrendt
Hickey
Hull
Kleiner
Rajotte

Saunders
Travis

SOUTH CAROLINA
Caldwell
Gorsuch

Head

King

Miller

Newall

Discipline
Entomology

Horticulture

Horticulture

Plant Pathology

Soil Science
Entomology

Plant Pathology

Horticulture

Horticulture
Entomology

Horticulture

Horticulture

Agricultural
Engineering

Horticulture
Horticulture
Horticulture

Plant Pathology

Plant Pathology

Entomology

Regional Extension

Agent

Entomology

Entomology

Plant Pathology

Horticulture
Entomology
Area Agent
Horticulture

Plant Pathology

Research Associate

-

% of Total Appointment

Fruit
Research

80

20

20

20

35

60

100

70
35

80

15

25
75
75

80

85

91,

15

25

15

40

15

5

100

Fruit
Extension

80

80

1)

10
30
20

25

85

15

75
25
25

20

15

100

85

25
85

30
100
100

30

Fruit
Teaching

20

20

30

30

Areas of Emphasis
in Fruit Crops

Peach, Small Fruit IPM

Orchard Management,
Ground Cover Management

Plasticulture=-Strawberry,
Small Fruit

Epidemiology, Control of
Peach Diseases

Soil Science
Tree and Small Fruit, IPM

Epidemiology, Control of
Apple Diseases

PCR, Fruit Physiology-
Apple

Peach Breeding
Apple, IPM

Rootstock Physiology-Apple

Tree Fruit

Pesticide Application
Technology and Mechanization

Small Fruit
Tree Fruit, General Culture
Grape

Tree Fruit (Nematology and
Virus Diseases)

Tree Fruit (Fungal &
Bacterial Diseases)

Tree Fruit Pest Management
Resistance

Tree & Small Fruit

All Fruit

Grape

All Fruit

Small Fruit

Peach, Apple, Small Fruit
Apple

Peach, Apple, Small Fruit
All Fruit

Peach Breeding



Fruit Worker

Olien

Reighard

Scott

Taylor

Vissage

Watson

Zehr
USDA-BELTSVILLE, MD
Faust

Galletta

Hartung

Korcak

Maas

Rowland

Zimmerman
USDA-CHATSWORTH, NJ

Ehlenfeldt

Stretch

Discipline

Horticulture

Horticulture
Plant Pathology
Area Agent
County Agent
Plant Pathology

Plant Pathology

Plant Physiology
Plant Genetics
Molecular Genetics
Soil Science

Plant Pathology

Genetic Engineering

Plant Physiology

Genetics

Plant Pathology

USDA-KEARNEYSVILLE, WV

Abeles

Bassett

Bell
Brewster

Brown

Callahan

Cohen

Glenn

Horton

Janisiewicz

Miller

Peterson

Postharvest

Plant Physiology

Horticulture
Plant Pathology

Entomology

Genetics

Molecular Biology

Soil Science

Horticulture
Plant Pathology
Horticulture
Pomology

Agricultural
Engineering

_3_

% of Total Appointment

Fruit
Research

75

a5

100

15

75

100
100
100
100
100
100

100

100

100

100

100

100
100

100

100

100

100

100

100

100

100

Fruit
Extension

15

50

85

Fruit
Teaching

25

Areas of Emphasis
in Fruit Crops

Tree Fruit Cultural
Practices & Physiology

All Fruit

Peach, Fruit Viruses
All Fruit

Apple

Peach

Peach, Apple

Dormancy, Bud Break

Small Fruit Breeding
Citrus Bacterial Diseases
Small Fruit Nutrition
Small Fruit Pathology
Blueberry Chilling

Tissue Culture-Organogenesis

Breeding, Genetics of
Blueberry

Diseases in Blueberry,
Cranberry

Postharvest Physiology

Molecular Biology, Fruit
Physiology

Pome Fruit Breeding
Blueberry Diseases

Biological Management of
Apple Insect Pests

Fruit Germplasm Improvement,
Molecular Biology

Fruit Physiology

Soil Science, Orchard Floor
Management, Root Physiology

Stone and Pome Fruit Culture

Biological Control of Post-
Harvest Diseases

Fruit Culture, Canopy
Management

Production and Harvesting
Mechanization



Fruit Worker

Puterka

Scorza

Sﬂlar

Takeda
Tworkoski
Upchurch

Van der Zwet

Wilson
Wisniewski
VIRGINTA

Barden
Byers
Derr
Horsburgh
Marini

Pfeiffer

Stiles
Wolf

Yoder
WEST VIRGINIA

Baugher
Biggs
Elliott
Hogmire
Ingle

Popenoe

Discipline

Entomology

Horticulture

Chemistry
Horticulture
Physiology
Agricultural
Engineering
Plant Pathology
Plant Pathology
Physiology
Horticulture
Horticulture
Weed Science
Entomology

Horticulture

Entomology

Horticulture

Viticulture

Plant Pathology

Horticulture
Plant Pathology
Agricultural
Engineering
Entomology

Post-Harvest

Horticulture

-L"_

% of Total Appointment

Fruit
Research

100

100

50

100

100

100

100

100

100

70

75

25

40

60

30

70

50

30

40

40

Fruit
Extension

25

75

60

25

72

100

40

70

30

70

30

Fruit
Teaching

30

30

Areas of Emphasis
in Fruit Crops -
Host Resistance and Biocon-
trol of Pear and Peach Insects

L |
Stone Fruit Breeding, Genetics
Plant Physiology, Chemical
Analysis

L=l
Small Fruit Culture,
Physiology
Orchard Floor Management, —
Tree Physiology
Technology for Measuring
Postharvest Quality -
Epidemiology, Control of
Fire Blight
Biological Control =
Plant Physiology, Cytology

-
Apple Rootstocks, Orchard
Systems, Pruning
Vole Control, Plant Growth -

Regulators

Weed Management in Horticul-
tural Crops Including Tree Fruif,

Pest Management, Predator,
Plant Interaction

Plant Growth Regulator Eval- -
uvation, Tree Training, Pruning

Fruit Pest Management,
Development of Alternative —
Control

Small Fruit, Production
Management

Cultural Aspects of Viti-
culture, Grape Pest Management

Disease Management e

Tree Fruit Culture,
Intensive Orchard Management

Biological Control of Diseases,
Fruit Tree Defense Mechanisms

e
Equipment for Intensive
Orchard Systems, Peach Thinner

Tree Fruit Pest Management,
Containment Spraying

—

Apple Scald Control,
Prediction of Storage Behavior
Black Raspberry, Blueberry,
Strawberry Culture
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CALL OF THE STATES
Pennsylvania

by William C. Kleiner, George M. Greene, Ken Hickey, Larry Hull and Rob Crassweller

Weather. Pennsylvania’s growing season started out cool and wet. The blizzard in March and
6.37 inches of rain in April kept the soils moist. The month of May was colder than average
with only 2 inches of rain. June through August was hot and dry, although we had
approximately 6 inches of rain during that time period. Along with the rain on June 8, July 3,
19, 29, August 6 and September 3, Adams County growers were hit with hail. Hail-hit orchards
were found from one end of the county to the next. According to a number of growers and
Knouse Foods field representatives, hail damage was more widespread than in previous history.
September and October brought more rain which caused problems with the harvest season.

Apples:

Production. Apple crop estimates in July were around 13 million bushels for the entire state.
Mid-way into the harvest season many growers were picking out short of their estimates. By
October, Pennsylvania apple crop estimates were around 11 to 12 million bushels.

Quality. With most varieties, fruit size was below average. In south central Pennsylvania we
had below normal temperatures in May during the time of cell development of apples. We feel
this led to a lot of small apples this past season. A considerable amount of fruit drop throughout
the state was recorded this growing season. A nice crop of Yorks was harvested from most
growers’ orchards. We saw a full crop of Golden and Red Delicious, but both varieties had
small fruit. Thinning seemed to be a problem this year. Some growers didn’t get enough fruit

off the trees.

Insects. This year was a quiet year for insects except for the tentiform leafminer. This year
has been the worst leafminer year that Pennsylvania has seen.

Diseases. There were 11 primary infection periods for apple scab and three secondary infection
periods. Apple scab was not a major problem in most orchards. It was a good year for fire
blight in the south central part of the state. An isolated case was observed in the northern part
of Adams County. Surrounding orchards have not had a major problem with this disease in the
past. The case will be checked to see if it is the susceptible strain of the organism.

Peaches:

Pennsylvania had a large peach and nectarine crop this year. Good size and quality were
observed, considering the hot and dry weather in June and July. The major problems with
peaches this year were hail and a sluggish market for most growers. Blossom blight was
observed in a number of growers’ blocks. One grower block in northern Adams County had

a high incidence of blossom blight.



Sour Cherry:

Pennsylvania growers had a large sour cherry crop this year. Good size and quality were
observed. Of course poor prices were the biggest problem with the cherry crop. Plum borer
was documented for the first time in Adams County orchards. This insect will be monitored to

see if it is going to become a major problem.

Maryland
by Richard F. Heflebower, Jr.

Weather and Fruit Development. The 1993 season began with a very cool, wet spring. This
was followed by an extremely hot, dry summer. Many days with highs in the 90’s were
accompanied by six weeks of no measurable precipitation. Rain began to fall again in late
August followed by record-setting heat in the first week of September.

The weather adversely affected peach size, particularly early maturing varieties. Apple size was
small, but better than expected considering the extreme heat and drought conditions. Total
packout averaged about 80 percent which pleased most growers. Hail was reported scattered
throughout many locations in Maryland. No reports indicated severe crop damage but slight
injury to peaches and apples was widespread.

Pest Problems. Conditions were conducive to apple scab early in the season, but most growers
were able to control it well with the fungicides that are available. Codling moth trap catches
were the highest they have been in Maryland for the past four years. The second generation of
tufted apple budmoth was quite late. The peak flight did not occur until the first week of

September.

West Virginia
by Morris Ingle, Tara A. Baugher, Alan R. Biggs and Henry W. Hogmire

Horticulture. Orchards escaped freezing temperatures in April and May, but in March,
following the blizzard of *93 (morning of March 15th), the temperature dropped to -1 degree
F in low elevations. At 550 ft elevation, bud survival was 28% in Loring, 48% in Blake, 81%
in Cresthaven and 82% in Redhaven. Full bloom was 1 week later than average in peaches
(4/20) and 3 days later than average in apples (4/30 to 5/4). Weather conditions were favorable
for pollination, set and cell division, but fruit tree responses to chemical thinners were generally

poor.

July and August were dry, and Hampshire and Morgan counties were declared eligible for
disaster assistance. Hail was reported in a number of orchards, primarily in western counties.
Harvest of peaches began 1 week later than normal but finished on a normal schedule. Harvest
of apples was also later than normal, and there were problems with low soluble solids,
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premature fruit drop and fruit size.

Plant Pathology. With relatively high apple scab inoculum overwintering after the wet 1992
season and wet conditions at bud break preventing many growers from making an early fungicide
application, early infections resulted on sepals and cluster leaves. Fruit scab was at unacceptable
levels in some locations although economic losses due to scab were overshadowed by the effects
of drought and hail. Incidence of powdery mildew was high on susceptible apple cultivars.
Brown rot on stone fruits was not a problem in 1993.

Entomology. Prebloom insect emergence was about 10 days later than in 1992. Several
orchards experienced high summer populations of spotted tentiform leafminer, resulting in above
threshold incidence of mines. Despite the hot and dry weather in July and August, mites were
not especially troublesome as there was a good predator response in most orchards. Rose
leafhopper has continued to be an abundant pest of apple during July. The increased planting
of dwarfing rootstocks has been accompanied by increased incidence of dogwood borer and
American plum borer in burrknots.

Vireini
by Ross Byers

Fruit Development. In Virginia, apple bloom was about 7 days later than normal. Fruit
growth was very rapid after bloom. Spur Delicious fruit was about 10 mm in size 10 days after
full bloom. In a typical year, fruit reach 10 mm about 16 days after bloom. Very little cloudy
weather occurred in the first 2 weeks after bloom. Since fruit grew very fast and growers were
generally late with thinning sprays, fruit thinning responses were less than desirable. Most
varieties were over-cropped in 1993, leading to small fruit size. No frosts reduced king fruit
set, which is a cause of small fruit size in some years. Dry weather in July and August 1993
further reduced fruit size. Delicious prices were not good in 1993. Crop estimates in August
1993 indicated 10% higher potential than the average of the last 5 years. These estimates were
reduced to 5% lower than the average by about November 1. The role of the production
estimates in pricing of apples in 1993 was not known.

Pest Problems. Tentiform leafminer and leaf rollers were more numerous than in recent years.
Additional and significant fruit drop appeared to be associated with leafminer injury. No
unusual spring and summer disease problems were encountered during the 1993 season. Early
ascospore maturity, an early scab infection period (April 1-2) and a heavy secondary infection
period (May 4-5) resulted in a few scab problems on cultivars with early, unprotected tissue and
poor protection for the secondary period.

Vole populations were heavier than last season, and increasing deer populations seem to cause
more damage each year.,



North Carolina
by James F. Walgenbach

Apples. 1993 was characterized by a dry, hot summer, with drought conditions prevailing from
July through September. A heavy apple bloom was approximately two weeks later than normal,
and most varieties were blooming simultaneously. The heavy crop (7.2 million bu) and dry
weather conditions contributed to an abundance of small apples, many of which went to juice.
Poor processing and juice prices resulted in a difficult year for many growers.

With the exception of a relatively high level of apple scab, disease pressure was low in 1993.
Tufted apple budmoth and spotted tentiform leafminer populations were high in 1993. Tufted
apple budmoth populations and resulting damage were the highest in recent memory. Spotted
tentiform leafminer populations increased substantially between first and second generation.
However, third generation populations were heavily parasitized, with 40-50% parasitism of
mines common by late August.

Peaches. There was a good North Carolina peach crop in 1993, with approximately 38 million
pounds harvested from 4,000 acres. In contrast to the apple crop, peach prices remained fairly
good throughout the season, with the majority of the crop sold for local retail and wholesale
markets. There were no unusual incidences of insect or disease problems in 1993.

South Carolina
by Walker Miller

Production. Apple production in 1993 was 60 million pounds, similar to 1992 and up from the
40 million pounds of 1991. The value of the apple crop was 3.6 and 7.5 million dollars in 1991
and 1992 respectively. The value of apples in 1993 is projected as low due to small size
associated with low light levels just after bloom and drought.

Peach production was 250 million pounds in 1993, up from the 170 million in 1992 and down
from the 310 million in 1991. The value of the peach crop was 42 million dollars in 1991 and
19 million dollars in 1992. Peach size was also small and is anticipated to impact the total crop
value in 1993.

Disease and Insect Control. Excessive rainfall and cool temperatures in January and continuing
through late April delayed the season and resulted in wide spread peach tree death in the Ridge
area. Saturated soils during bloom and leaf out is attributed as the cause. By late May incipient
drought followed by full drought in mid-June further delayed both the apple and the peach crop.
The delay was as much as 14 to 28 days in some varieties. Fruit rots and scab were
insignificant in both peaches and apples. Phomopsis canker and brown rot blossom blight,
shortly after bloom, were the most evident disease problems in peaches. Growers are concerned
over the loss of plant pharmaceuticals, especially in the area of summer rots in apples. It is
unknown if improved sanitation efforts are going to be sufficient to provide control of summer
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rots in apples.

Severe drought made green June beetle and Japanese beetle emergence erratic and no special
insect problems were noted in peaches. In apples, spotted tentiform leafminer jumped from a
few mines per leaf in early July to 12 to 15 per leaf by late July in some areas. High levels of
parasitism were noted in other areas, which suppressed spotted tentiform leafminer populations.
In highly susceptible Red Delicious cultivars, Alternaria leaf spot caused some defolication. The
combination of leafminer, Alternaria and drought has some growers concerned over return
bloom. The Long Creek area of the state is suffering an outbreak of codling moth with growers
indicating that they are not getting control despite increased spraying frequency. There were
several complaints of poor fruit finish associated with the use of dimethoate especially where it
was used with Bond, a spreader sticker. There are some indications that growers were using
high rates of dimethoate. Growers had switched to dimethoate for aphid control because of

price.

Grower Assessments of Problems. Apple acreage is anticipated to decline by 25% by the 1994
season. Peach acreage is at 28,000, down from over 40,000 about 10 years ago and will
probably drop another 2000 acres. There is no significant apple acreage being planted. The
mood of peach and apple producers is depressed. Direct marketing and value added enterprises
were the most positive note for both commodities. The most significant problem identified by
both groups of growers was marketing. Apple producers identified loss of chemicals and lack
of a material to control Alternaria leaf spot as the second and third place problems. In peaches,
control of red spot and pocket rots were identified as the second and third place problems.

New Jersey
by Dean Polk and Jerome L. Frecon

1993 was a good year for production throughout most of the state, but a poor year for
marketing, especially for wholesale growers.

Fruit Set and Weather. Fruit set was good in most areas, except in isolated orchards in
northern counties where frost took a heavy toll on peach production. Cold, blustery winds also
reduced bud numbers in exposed sites. In southern counties which have the bulk of the peach

production acreage, no frosts were experienced during bloom.

Dry weather was an important factor on the light soils in southern counties. The lack of rain
in June and July reduced fruit size in early varieties grown in Cumberland County and on non-
irrigated sites. Overall fruit quality, flavor, and color were excellent.

Pests. Disease pressure was light in most peach and apple orchards. Insect pressure on apples
was higher than normal, with high levels of spotted tentiform leafminers. Several apple sites
were seen that had fruit infestations of codling moth and European corn borer. Tufted apple

budmoth was present on both apple and peach crops.



Marketing. Prices started at an acceptable level, but as Redhaven peaked, pressure from South
Carolina supplies and the usual excellent California promotional program made it difficult to
move New Jersey peaches. Even 2 1/2 inch peaches were selling below production costs during
Loring season. Prices eventually increased, but movement of 2 1/4 inch or smaller fruit was
difficult. It was obvious that only growers with good wholesale marketing plans and retail

outlets moved peaches above production and marketing costs.

According to the 1992 tree fruit survey peach acreage has declined over two thousand acres
since 1982. Nectarine acreage has increased about 350 acres. A comparison of wholesale prices
relative to production costs makes it easy to understand why this has occurred.

Apple acreage has declined to about 4,000. Over 50% of the apple production goes to the
processing market, which continues to offer low prices in comparison to production costs. Fresh
market apple production centers around Delicious. Prices have been acceptable with most fresh
market fruit being sold before Christmas.

Research and Extension. Fruit research and extension activities continue to be hurt by budget
constraints and retirements. Dr. Stu Race, Extension Specialist in Entomology retired effective
July 1, 1993 and Dr. Jack Springer, Extension Specialist in Plant Pathology retired effective
September 1, 1993.
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Discussion Paper on the Proposed Regionalization of Tree Fruit
Research and Extension Programs in Maryland,
Pennsylvania, Virginia, and West Virginia

Prepared as a follow up to the regional meeting with representatives of the
tree fruit industry at Harpers Ferry, West Virginia, on June 30, 1993.

Introduction

To say that we are living in a period that can best be described as "times are a
changing” is an understatement. What is interesting about this descriptive phase is not
the word changing, but the word times. For agriculture, as well as its support entities
(research and extension), change has been occurring for decades. However, the
realization and/or commitment to deal with this change must occur now. This issue can
no longer be delayed or ignored.

Throughout this century, farms have decreased in number, but have grown larger.
Today, there are approximately 2.2 million farms, 10 percent of them accounting for
nearly 75 percent of all production agriculture in the United States. In addition, to the
changing scene in agriculture, the number of support professionals in research and
extension activities has also declined. What has not declined have been the challenges
that face agriculture which not only include issues of increasing production efficiency,
but also deal with the environmental and social costs associated with productivity

gains.

The tree fruit industry is a mirror of this changing scene in agriculture, especially
in this four-state area. However, the leaders of federal and state research and
extension programs in this region are beginning to seek ways to jointly deal with the
issues of the tree fruit industry.

A tour of the tree fruit research and education centers in the Cumberland-
Shenandoah Region was conducted on April 27-29, 1993. Participants were leaders
from the USDA/Agricultural Research Service and the Agricultural Experiment
Stations and Cooperative Extension Services in Maryland, Pennsylvania, Virginia, and
West Virginia. The objectives of the tour were: to determine the scope and priorities of
the research and extension programs at each location; to identify program and personnel
strengths, weaknesses, and regional complementarity; to explore joint approaches to
research and extension program development; and to identify opportunities that may
exist for formal collaboration within the region.

A regional meeting was held on June 30, 1993, with industry representatives to
hear their needs and priorities for tree fruit research and extension programs in the
four-state area. -In-addition, the opportunities for and problems of regionalization of
future research and extension activities were identified. An initiative that arose from
this regional meeting was the formation of a subgroup to prepare a "discussion paper”
on the issues at hand and to develop a proposed action plan. It is the guidance an
direction of this "discussion paper” that will permit the tree fruit growers, processors,
agri-business persons, researchers, extension specialists, and administrators in the
four-state region to deal with the changing times in an effective and timely manner.
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I. Industry Status and Trends

This analysis emphasizes apples and peaches since they are the major tree fruits
grown in the four-state area. Three parameters were evaluated: bearing acreage, total
production, and the value of utilized production.

Apple bearing acreage has decreased in Pennsylvania from 27,000 acres in 1982 to
24,000 acres in 1992; in Virginia from 22,400 acres in 1982 to 19,800 in 1992; andin -
West Virginia from 16,000 in 1982 to 13,100 in 1992 (Figure 1). Annual apple
acreage data are not available for Maryland, but the number of acres has decreased
from 5,660 in 1980 to 3,205 in 1992. Across the four states, this represents a decrease
in acreage of 15 percent since the early 1980s. However, probably the most important
measure of an industry is its productive capacity. Total apple production generally
decreased in the late 1980s within the region (Figure 2). However, since 1989 or
1990, there appears to be a trend towards more production in the four states. The
value of utilized production is generally lower today than a decade ago (Figure 3).

.3 3 __3
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Peach bearing acreage has remained constant in Pennsylvania and decreased
slightly in Virginia and West Virginia during the period 1982 through 1992
(Figure 4). Annual peach acreage data are not available for Maryland, but the number o
of acres has decreased from 2,500 in 1980 to 1,399 in 1992. The total production of
peaches generally declined for all four states from 1982 until 1989 or 1990. The 1985
crop was severely reduced because of a winter freeze that was preceded by an
unusually warm period. During the last 2-3 years, there has been a general increase in "’}
the total production of peaches in the four-state region (Figure 5). Since 1985 in
Pennsylvania and since 1990 in Maryland, Virginia, and West Virginia, there has

been a general increase in the value of utilized peach production (Figure 6). T
A. Maryland ~
1. Status !

In 1992, Maryland apple and peach growers produced approximately $8.2
million ($5.1 for apples and $3.1 for peaches) in fresh market and processed
products. For apples, the value was about $1.6 million below the ten-year
average value of $6.8 million. Approximately 524 thousand bushels of apples
were produced for fresh market, and 667 thousand bushels were produced for
fruit processing in 1992,

Since 1980, the number of apple orchards has decreased from 170 to 159,
and apple acreage has decreased by 43 percent. The number of trees planted
shows a smaller decrease from 382,360 to 344,439 in 1992. The number of
peach orchards has remained constant (147 in 1992) while the acreage has
decreased by 44 percent. The number of peach trees maintained for production
has also decreased from 216,600 to 149,306. ‘

2. Trends
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Apple growers are diversifying their plantings by adding peaches and small
fruits in response to the fresh market demands from Mid-Atlantic metropolitan
areas. Growers have increased the density of their plantings from less than 100
trees per acre in the 1960s to 200-500 trees per acre today. Also, there is a
reduction in apple production capacity with a major shift away from the
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Cumberland-Shenandoah Valley. Most of the increases in new acreage result
from intensive plantings in smaller blocks of land in southern Maryland, the
Eastern Shore, and counties along the Pennsylvania border in the eastern part
of the state.

B. Pennsylvania

1. Status

Pennsylvania is a major fruit producing state and usually ranks fourth in the
nation with 34,329 acres of commercial orchards in the state. This compares
with 44,714 acres in 1982 and 42,647 acres in 1987, showing a trend of
declining acreage for the ten-year period. Of the approximately 2.4 million
apple trees in the state in 1992, thirty-one percent were standard size and 69
percent were size controlled. Comparable figures for 1987 were 42 and 58

percent, respectively.

Since 1987, the acreages of apples, peaches, pears, cherries, plums, and
prunes have decreased. Only the acreage of nectarines has increased. In 1992,
the number of apple and peach trees set exceeded those removed. The total
farmgate value of apples sold fresh or processed peaked at $63.7 million in
1990; the peak value of peaches sold was $22 million in 1990.

. Trends

Acreage is declining, but the number of trees is increasing. Some of this
can be attributed to more intensive management systems. Acreage will
probably remain steady rather than decrease, and tree numbers will continue to
increase. Peach acreage will decline slightly as will tart cherry acreage.
Approximately 62 percent of the production of apples and nearly all the tart
cherries are processed. However, only a small percent of the peaches are
processed. The remainder of the tree fruit crops are sold fresh. A recent Mid-
Atlantic Produce Marketing study showed there is a potential for increased
fresh fruit sales in the Baltimore-Washington market. However, it will take
improved quality, packing, and marketing.

C. Virginia
1. Status

Virginia produces an average annual apple yield of approximately
10 million bushels. Approximately 60 percent of the crop is processed into
sauce, canned and frozen slices, vinegar, and juice. There are five fairly distinct
fruit-producing areas in Virginia -- the Shenandoah Valley, Northern Piedmont,
Central Piedmont, Roanoke Area, and the Southwestern Area. The Shenandoah
Valley area is the largest in terms of acreage and number of trees.
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2. Trends

7l
Since 1982, there has been more than a 30 percent decline in the number of
orchards engaged in commercial production and a 12 percent decrease in total F}
acreage in apple production. However, since 1987, seven of the top 10 counties
and 11 of the top 16 counties have expanded acreage. Fourteen of the top 16
Virginia counties expanded either acreage or tree numbers, or both, during the
period 1987 to 1992. Virginia now has more total trees than in 1963 and more
bearing trees than in 1956. ‘The average orchard has expanded from 52 acres to
68 acres, and the average number of trees per orchard has increased from 31,300 ™
to 45,300. There is an apparent trend towards adopting cultural practices that
focus on smaller trees in higher density plantings. The peach industry has
declined significantly in Virginia to the point where it is now intended primarily
for retail sales. Many nonprofitable peach orchards on good sites are being
replanted to apples, particularly in the Central Piedmont.

D. West Virginia T
1. Status -

The tree fruit industry in West Virginia is concentrated in four eastern
panhandle counties which account for about 95 percent of the State's fruit crop.
During the period 1987 to 1991, West Virginia produced an average of 4.3
million bushels of apples per year and ranked fifth among the eastern states in
total production. Total production varied two fold between 1989 and 1992.
Much of this variation was due to weather conditions, but the longer term trend ™
in production has been downward. Between 1982 and 1986, total apple
production exceeded 5.2 million bushels each year. Since 1986, there has been

only one year, 1992, in which production reached that level. -
2. Trends
In general, there has been a reduction in acres devoted to tree fruit, but the ™

quantity of tree fruit produced has not decreased in proportion to the change in
acreage. Orchardists are planting more trees on size controlling rootstocks and
in higher densities per acre then previously. Management levels have
intensified and yields have increased.

3

The proportion of the crop marketed through processors is highly variable.
In general, when the crop is large, the proportion used for processing is higher
than with smaller crops. This market feature is related to both the quality and
availability of fruit. In 1992, a year in which there was a relatively large crop
volume, 85 percent of the apples produced went for processing. Nationally
about 50 percent of the apples went for processing in that same year. There has
been a desire on the part of West Virginia producers to market a large
proportion of their crop on the fresh market in order to increase profits. This

— 3 13

desire has resulted in some shifts in varieties. There has been a reduction in '_f

the number of orchards and in the size of orchards as producers intensified ’

management. The demand for land and difficulties with labor and

environmental regulations have also contributed to a reduction in the number "

and size of orchards. These trends are apt to extend into the foreseeable future. J
i

3
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Funding Trends in the Universities/Colleges and the USDA/Agricultural Research
Service/Appalachian Fruit Research Station

Funds used to support agricultural research and extension can be categorized into
three major sources. First, federal funds are appropriated to land-grant universities
through the Hatch Act for agricultural research and through the Smith-Lever Act for
cooperative extension. The USDA/Agricultural Research Service receives a direct
appropriation from the U.S. Congress for agricultural research. Second, state funds are
appropriated to state land-grant universities for agricultural research and extension.
The third category is a broad one that includes all grants, contracts, and gifts from
public and private sources. Some of these are competitive; others are provided through
the political process, especially at the federal level. In some states, income from the
sale of excess products of research can be used to support further agricultural research.
In general, the program of research and extension for the use of federal and state
appropriated funds is decided by the receiving colleges and universities. In contrast,
grants and contracts are for specific areas of research and extension, and cannot be
shifted as needed to other areas.

The total agricultural research and extension funds for the five organizations and the
period FY 1989 through FY 1993 (est.) has ranged from $167 million to $192 million
per year (Table 1). Specific funding available for tree fruit programs has ranged from
$8.0 million to $9.0 million. Total funding increased in FY 1990 and FY 1991, but
since FY 1991 the funding has remained constant at approximately $192 million. The
funding allocated for tree fruit research and extension has been level since FY 1991 at
$8.0 million to $8.1 million.

During the last five years, the source of funding available for agricultural research
and extension has been shifting from appropriated dollars to grants, contracts, and gifts
(Table 1). In FY 1989, state and federal funding accounted for 78 percent of the total
research and extension funding. By 1992, this had decreased to 73 percent. The
reduction in appropriated funds has been made up in part by increases in grants and
contracts. In the case of tree fruit funding, the allocation of state and federal funds to
these programs by the five organizations has remained constant for the last three years,
even though appropriated allocations have been decreasing. However, the amount of

t and contract funds has decreased during the same time. The decrease in total
tree fruit funds has not been made up by additional grants and contracts in the tree fruit
area.

The total funds and tree fruit funds for the four colleges and the USDA/
Agricultural Research Service/Appalachian Fruit Research Station are noted in Table 2.
This table also indicates the full-time equivalents directed toward tree fruit research and
extenslic{? activities. The person capacity in the region has decreased by 16 percent
since FY 1989.

Major Issues Facing the Industry

There are many issues facing the tree fruit industry in the four-state region.
Because fruit growers, support industries, extension, and research have different
perspectives on the subject, a list of the major issues depends upon its origin. At the
recent Harpers Ferry regional meeting, industry representatives provided some helpful
insight into their current problems. Many of the problems identified were public policy
issues (e.g., labor, laws and regulations, marketing, etc.). Cooperative Extension
Services, State Agricultural Experiment Stations, and the USDA/Agricultural Research
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Service must play a greater role in policy issues either as information input to the policy

process or in response to policy initiatives.

The issues seen as “major” by the tree fruit industry representatives at the Harpers
Ferry meeting on June 30 are listed in Table 3. The organizations involved in research
and extension programs have estimated their current activities and/or capacity in each
of the identified areas. If nothing is indicated, very little or no activities are in
progress in the program area. In the future, it may be helpful to rank these issues for
the allocation of resources. Not all on-going research and extension activities are

listed.

V. Possibilities for the Future
A. Short-Term (To be achieved in <1-2 years)

1.

Present this "Discussion Paper"” at each of the state horticultural association
meetings in early 1994. Encourage an open discussion on these
"Possibilities for the Future."

Establish a Regional Advisory Council, e.g., Council for Sustaining the
Tree Fruit Industry in Maryland, Pennsylvania, Virginia, and West
Virginia. This council would advise the research and extension
faculty/staff on needed programs in the region.

Build a strong tree fruit industry coalition within the region. This must be
emphasized during the first several years, but should be an on-going
activity. Some of the coalition partners identified at the joint meeting in
June were universities, industry representatives (growers, processors,
suppliers, etc.), government agencies (USDA, USEPA, etc.), environmental
organizations (Chesapeake Bay Commission, The Nature Conservancy,
etc.), and the news media.

Analyze the current research and extension activities in the region. Identify
the areas of duplication and complementarity needed to serve the industry
in the most effective and efficient manner. Use the Cumberland-
Shenandoah Fruit Workers Conference which has been convening for 68
years as the lead in this effort.

Expand discussions on sharing research and extension resources
(university/USDA personnel, funding, and programs) across state lines.
One example of a major cooperative effort that is nearing completion is the
production of an orchard monitoring guide which involves contributions
from most entomologists, horticulturists, and plant pathologists in the
region.

Request a joint four-state horticultural association strategy for funding
research and extension programs on a regional basis. This must be
developed so as to be a win-win situation for both industry and the public
sector.

— 1
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B. Mid-Term (To be achieved in 3-4 years)

1. Increase Regional Advisory Council membership as coalition partners are
identified.

2. Encourage a joint annual meeting of the four state horticultural
associations, testing the concept of meeting regularly as one regional
organization. The New Jersey State Horticultural Society has been meeting
with Pennsylvania and Maryland, and they should be included as well.

3. Facilitate an active involvement of the Regional Advisory Council in
helping set the tree fruit research and extension agendas.

4. Develop and request funding for at least 1 regional research and/or
extension project to serve the needs of the tree fruit industry in the four-
state region.

C. Long-Term (To be achieved in 5-6 years)

1. Continue coalition building. Bring in new partners to the Council as new
clientele are identified.

2. Increase the levels of regional funding for research and extension programs
from public and private sources.

3. Expand the number of regional research and/or extension projects.

LXK

This discussion paper was prepared by the following persons:

Charles R. Krueger, Research
Paul J. Wangsness, Cooperative Extension

Craig S. Oliver, Cooperative Extension
Thomas J. Sexton, Research

Gerald M. Jones, Cooperative Extension
Gerald L. Jubb, Jr., Research

Barton S. Baker, Research
Rachel B. Tompkins, Cooperative Extension



30 T

. l_ » - - l-\.\. .
—n a4
20 T ‘G\D

g - T& 19 ‘103on1y

T

®
L 4
®
L J
L

Acres (Thousands)
o

10 +

0 t t } } ; } ; } } /

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

—®—pA —O— VA —/*—wv
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Table 1. Summary of total agricultural research and extension funds for The Pennsylvania State University,
University of Maryland, USDA/Agricultural Research Service/Appalachian Fruit Research Station,
Virginia Polytechnic Institute and State University, and West Virginia University, and total agricultural
research and extension funds for tree fruit programs in the four-state region.

pI - & 10 ‘Iadon1y

! SUMMARY*
College/Location Tree Fruit
Federal State Total Grants Federal State Total Grants,
Appro- | Appro- Appro- | Contracts, ] GRAND || Appro- Appro- Appro- || Contracts,| GRAND
FY priations | priations || priations |Gifis, Salesf TOTAL | priations | priations | priations ||Gifts, Sales] TOTAL
M$ M$ M$ M$ M$ M$ M$ M$ M$ M$
1989 377 92.6 1303 36.6 166.9 44 31 7.5 1.1 8.6
1990 389 105.1 144.0 40.5 184.5 49 3.1 8.0 1.0 9.0
191 404 107.0 1474 447 192.1 4.6 2.7 73 0.7 8.0
1992 43.1 979 141.0 515 1925 4.6 2.6 7.2 0.8 8.0
1993 (est.) | 464 96.7 | 143.1 494 1925 || 438 25 7.3 0.8 8.1

*Only research funds for the USDA/Agricultural Research Service/Appalachian Fruit Research Station and for the College of Agriculture
and Life Sciences at Virginia Tech.

.3 _21 _3 _.3 _3 _.3% _3 3 _1 3 .1 _3 _3 13 .21 .3 _13 3 _13
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Table 2. Total agricultural research and extension funds for each organization from federal, state, and private sources, and
total agricultural research and extension funds and person capacity for tree fruit programs in the four-state region.

i Penn State I Univ. of Maryland | USDA/ARS/AFRS* Virginia Tech West Virginia Univ. TOTALS

II Tree | TF** I Tree | TF** ] Loca- | Tree | TF** || Col- | Tree | TF** Tree | TF** | Loc./ | Tree | TF**
FY |Collegel Fruit | FTE fCollege) Fruit | FTE } tion | Fruit | FTE | lege* | Fruit | FTE |[Collegel Fruit | FTE [Collegel Fruit | FTE

M$ | MS$ M$ | MS$ M$ | M$ M$ | M$ M$ | MS$ M$ | M$

1989 ff 617 | 18 | 118 365 ) 1.2 | 68 | 37 | 36 | 214 || 414 | 1.7 | 136 236 | 03 | 3.0 |1669| 86 | 56.6
1990 670 | 18 | 123 § 414 | 13 | 73 | 41 | 41 | 201 || 451 | 13 | 98 [ 269 | 05 | 4.7 | 1845| 90 | 542
1991} 70.1 | 1.6 | 96 | 441 | 1.1 52 § 44 | 39 | 181 ] 430 10 | 94 || 305 | 04 | 48 1921 80 | 47.1
19921 712 | 16 | 94 J 419 ]| 09 | 43 | 47 | 38 | 191 | 423 | 12 88 || 324 | 05 | 53 | 1925( 80 | 469
1993 1 71.1 | 16 | 99 J 427 | 09 | 43 | 48 | 40 | 193 || 412 | 1.1 88 || 327 | 05 | 53 | 1925 81 | 476
(est.)

*Only research funds and research FTEs for the USDA/Agricultural Research Service/Appalachian Fruit Research Station and only research funds

for the College of Agriculture and Life Sciences at Virginia Tech.

**TF = Tree Fruit. FTE = Full-time equivalents, M.S. and Ph.D. hard and soft funded person years.
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Table 3. Major issues identified by the industry representatives who attended the meeting on June 30, and the estimated current research
and extension capacity in the four-state region to address these issues.

Penn State Univ. of Maryland | USDA/AR AFR Virgi West Virginia Univ.l -
ISSUE Research | Extension]| Research | Extensionfj Research Extensionf Research | Extension] H
Labor L
Worker Safety Training 002* | 0.12* 040* | 8
_Availability X l o
Dispute Resolution — 0.01 0.30 E
Laws and Regulations 0.13 0.10 0.08 0.20 "
Housing . =
Language Barriers H 0.10
Regulations Affecting the Industry i | H
Pesticide (Use, Compliance, H
Recordkeeping, Consultation) 0.20 0.15 0.01 0.02
Environmental 0.02 0.01 |
OSHA 0.12 |
Economics _ _ _ I
Marketing __0.15 0.10* 0.05 005 ¥
Farm Enterprise Management 0.15 0.33 | |
Pesticides _ 0.10¢ 0.10 |
Use (Evaluation, Efﬁcacy) 056 | 063 0.10* 0.45 0.40
Storage and Handlmg 0.10 0.10 0.05 0.10 |
Consumer Education 0.05 0.05 0.42 0.01 |
Integrated Pest Management Procedures 1.00 0.63 1.30 0.70 0.65 0.46 I
Biocontrol (Methods to Reduce the Use of |
Synthetic Pesticides) 0.50 0.53 1.60 0.30 0.40
Diseases S N _ _
Epidemiology 0.10 0.05 F 0.15* 0.50 0.90 0.10 0.10
Control (Other than Pesticides) 0.1 0.05 0.20 1.50 0.05 0.10
Resistance 0.05 0.05 0.10 0.20 0.10 0.10
Fruit Quality _ _ |
Affecting through Cultural Management § 0.10 0.23 0.60 0.05 0.01 0.10 0.10
Controlling (Harvest and Postharvest) [ 0.05 0.10 0.10 0.02 0.10 |
Evaluating (Nondestructive, Sensory) | 0.20 1.00 | 005 0.01 1

] .3 % .3 .3 _3 .3y .3y .1 _ .3y .13 3 3 -3 .3y 1 3 _13
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Table 3. (Continued)

Penn State Univ. of Maryland | USDAJARS/AFRS | Virginia Tech | West Virginia Univ.
ISSUE Research | Extensionf Research | Extension] Research | Extension] Research | Extension] Research | Extension

Postharvest Physiology 0.26 0.06 0.15 0.02 0.30
Orchard Systems and Design 0.12 0.24 0.60 | o038 0.10 0.30 0.30
Breeding

Apple I —

Peach (Including other Stone Fruit) | 190

Pear i 1.00
Use of Plant Growth Regulators 0.13 0.10 0.10 0.05
Plant Nutrition 0.10 - 0.05 i .

Host Plant _ 0.03_ ) 0.30 0.10

Harvested Fruit 0.05 0.10 H | 010 010 |
Biotechnology (Genetic Engineering and I

Molecular Biology) 0.10 0.10 4.00
Rootstocks 0.35 0.23 i 0.10 0.10 I 0.10 0.05 0.10
Mechanization 1.00 0.50 0.10
Weed Control and Herbicide Use 0.05 0.40 0.05 F 0.10
Ground Water Contamination 0.05 0.40 0.50 0.30
Virology (e.g., Tomato Ringspot Virus) { 020 0.05 0.10 0.20 0.02
Nematology (Nematode Detection and | -

Control) 0.60 0.15 0.50 )

[+]
Harvest Maturity (Indices) 0.05 0.13 0.10 0.20 0.20 0.05 0.02 0.10 0.10 ?
(¢}

Irrigation 0.02 0.07 0.15 0.30 0.01 {'E"
Information Systems 005 | o.15 I | o

*FTE = Full-time equivalents, M.S. and Ph.D. hard and soft funded person years.
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Participants at Regional Tree Fruit Industry Meeting
Cliffside Inn, Harpers Ferry, West Virginia

Industry

Stanley Bauderman
Dave Benner

C. Robert Binkley
Daniel A. Boyer
Bill Gardenhour
Clayton O. Griffin
Ed Hartman
William G. Huehn
Lynn P. Moore
Kent Shelhamer
H. Lee Showalter
M. Everett Weiser
Elizabeth L. White
Tom Whitham

Barton S. Baker
Alfred L. Barr
Carole L. Bassett
Tara A. Baugher
Howard J. Brooks
D. Michacel Glenn
Kenneth D. Hickey
Robert L. Horsburgh
Gerald M. Jones
Gerald L. Jubb, Jr.
William C. Kleiner
Charles R. Krueger
Robert H. Maxwell
Stephen S. Miller
Craig S. Oliver
Thomas E. Piper
Edwin G. Rajotte
Arthur L. Schipper
Ralph Scorza
Thomas J. Sexton
Paul W. Steiner
Rachel B. Tompkins
Stephen J. Wallner
Paul J. Wangsness

June 30, 1993

Virginia Fruit Grower

Pennsylvania Fruit Grower

Knouse Foods, Peach Glen, Pennsylvania
Pennsylvania Fruit Grower

Maryland Horticultural Society

Virginia Horticultural Society

President, West Virginia Horticultural Society
National Fruit Product Co., Inc., Winchester, Virginia
President, Maryland Horticultural Society

President, State Horticultural Association of Pennsylvania
Pennsylvania Fruit Grower

Pennsylvania Fruit Grower

President, Virginia Horticultural Society

Green, Inc., Winchester, Virginia

West Virginia University, Department of Plant and Soil Science
West Virginia Agricultural Experiment Station
USDA/ARS/AFRS, Kearneysville, West Virginia

West Virginia University, Department of Horticulture
USDA/ARS, National Program Staff, Beltsville, Maryland
USDA/ARS/AFRS, Kearneysville, West Virginia

Penn State Fruit Research Laboratory

Virginia Agricultural Experiment Station

Virginia Tech Cooperative Extension

Virginia Agricultural Experiment Station

Penn State Cooperative Extension, Adams/Franklin/York Counties
Pennsylvania Agricultural Experiment Station

West Virginia Agricultural Experiment Station
USDA/ARS/AFRS Keamneysville, West Virginia

Maryland Cooperative Extension Service

Penn State Cooperative Extension, Adams County

Penn State, Department of Entomology

USDA/ARS/North Atlantic Area, Philadelphia, Pennsylvania
USDA/ARS/AFRS, Kearneysville, West Virginia

Maryland Agricultural Experiment Station

University of Maryland, Department of Plant Pathology
Associate Provost Extension, West Virginia University

Penn State, Department of Horticulture

Penn State Cooperative Extension
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AN ALTERNATIVE PRICING METHOD FOR PROCESSING APPLES

Jayson K. Harper George M. Greene II

Dept. of Ag. Econ. & Rural Soc. Dept. of Horticulture

214-A Armsby Building Penn State Fruit Research Lab
Penn State University P.O. Box 309

University Park, PA 16802 Biglerville, PA 17307

Introduction

Previous research by Harper and Greene (1993) has demonstrated that size is
the most important quality factor affecting the price received for processing
apples. From the standpoint of the apple processor, large apples are more
valuable because there is higher product recovery (ie., the percentage of peeling
waste and core is smaller for big apples compared to smaller apples) and higher
peeler efficiency (pounds of apples peeled per unit of time) (Cooper 1992). The
present pricing system used by processors, which only pays for apples in three size
classes (<2 1/2", 2 1/2" to <2 3/4", and 2 3/4" up), does not provide sufficient
economic incentive to grow apples over 2 3/4". Additional size classes (with price
premiums) could be developed which would provide the economic incentive for
producers which would in turn lead to efficiency gains for processors.

Methods

In the fall of 1991, a total of 12 samples containing a minimum of 52 apples
each were taken for four size classes of *York Imperial’, 'Rome Beauty’, and
’Golden Delicious’. Apples were sized using a template which simulated the
sizing chains used by processors. For each variety, individual apples were weighed
within the four size classes from which a mean unpeeled weight and standard
deviation was calculated for each variety/size combination. Paired difference
tests were conducted to determine if there is a significant difference in the mean
weight of similarly sized apples of different varieties. Using published recovery
rates for the Atlas Pacific peeler [Atlas Pacific Engineering Co., Pueblo, CO],
average recovery weights for each size classes within each variety were calculated.
From this data, the relative processing efficiency (average recovery weight of size
class/average recovery weight of size standard) of the various size classes within
varieties was calculated.

Using the calculated relative processing efficiency and 1993 prices from
Knouse Foods Cooperative [Peach Glen, PA] and Duffy-Mott [Cadbury
Schweppes Inc., Aspers, PA], the implicit value of processing apples for the three
varieties and four size classes were calculated. These values were calculated in
four ways for each processor’s price schedule. First, using 2 1/2" fruit as the
standard from which to compare processing efficiency, the 2 1/2" prices were used
as the basis to calculate implicit value. Second, again using 2 1/2" fruit as the
standard, the premium paid for 2 3/4" fruit was used as the basis to calculate
implicit value. Third, using 2 3/4" fruit as the standard from which to compare
processing efficiency, the 2 3/4" prices were used as the basis for calculating
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implicit value. Fourth, again using 2 3/4" fruit as the standard, the premium paid
for 2 3/4" fruit was used as the basis to calculate implicit value.

Results

The mean weights and standard deviations of each size class within each
variety can be found in Table 1. *York Imperial’ apples in each size class tended
to weigh as much or more than those of the other two varieties. 'Rome Beauty’
apples outweighed ’Golden Delicious’ in all size categories except 2 3/4" to <3,
where ’Golden Delicious weighed significantly more. These data argue that
varieties can not be pooled together in determining relative efficiency data
between size classes, but must be kept separately by variety. Using typical
recovery figures for the Atlas Pacific peeler (recovery is the % of apples by weight
which becomes final product) and the weight data, the average recovery per
apple for each size class and variety were calculated (Table 1). This data is also
expressed in terms of the number of apples of each size class and variety needed
to make one pound of product (final column of Table 1). Atlas Pacific states that
recovery percentage is difficult to determine exactly because of variability in plant
operations, the variety of apples processed, and the condition of the fruit, as well
as other factors, but these are not nearly as important as size variation.

Processing prices (1993) for the various size classes and varieties are shown in
Table 2 for Knouse (column 2) and Duffy-Mott (column 3). Using the average
recovery per apple data from Table 1, relative processing efficiencies were
calculated for each apple variety using either 2 1/2" to <2 3/4" (column 4) or 2
3/4" to <3" apples (column 9) as the standard.

Using the 2 1/2" relative processing efficiency data and the 2 1/2" price as the
basis (first method), implicit values for the other apple sizes were calculated
(columns 5 and 7 of Table 2). For example, based on the 1993 Knouse price of
$7.75/cwt. for 2 1/2" to <2 3/4" *York Imperial’ (column 2 of Table 2), 3" to <3
1/4" apples are worth $15.42/cwt. (column 5 of Table 2). This difference in price
reflects the 99% gain in efficiency from using the larger apples ($7.75/cwt. x 1.99
processing efficiency). Implicit values for Duffy-Mott for the same size standard
and price basis can be found in column 7 of Table 2.

Using the 2 1/2" relative processing efficiency data and the 2 3/4" price
premium as the basis (second method), implicit values for the other apple sizes
were calculated (column 6 and 8 of Table 2). For example, based on the 1993
Knouse price of $7.75/cwt. for 2 1/2" to <2 3/4" *York Imperial’ (column 2 of
Table 2) and the $1.75 price premium for 2 3/4" to <3" apples, 3" to <3 1/4"
apples are worth $11.31/cwt (column 6 of Table 2). Given that the present price
structure indicates that the 49% increase in efficiency is worth $1.75/cwt. and
assuming this is a linear relationship, each 1% change in efficiency is worth
$0.0357/cwt. The $3.56/cwt. difference in price for the 3" to <3 1/4" size class
reflects the 99% gain in efficiency ($7.75/cwt. + (99% x $0.0357). Implicit values
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for Duffy-Mott for the same size standard and price basis can be found in column
8 of Table 2.

Implicit prices were calculated in the same manner using 2 3/4" to <3" as the size
standard and the 2 3/4" price as the basis. The results are found in columns 10-13 of
Table 2. Compared to using 2 1/2" to <2 3/4" as the size standard and the 2 1/2" price as
the basis, implicit prices were lower for this size standard. Implicit prices based on the
premium are the same as previously because the value of the premium is unchanged and
the efficiencies, although based on a different size standard, are of the same relative
magnitude.

Further Research

The purpose - of this paper is to generate discussion on possible alternatives to the
present price schedule used by apple processors. None of the methods used in this
paper to calculate implicit values is being put forward as the best or only way for pricing
processing apples. Certainly, apple processors know their business and plant operating
efficiencies better than we do. The question is what is efficiency worth and how does
that translate into economic incentives for the producer. The objective of an expanded
pricing schedule would be to encourage producers to grow larger apples which would in
turn improve the overall processing efficiency for the processor. The next step would be
to look at additional size classes (the maximum apple size for the Atlas Pacific peeler is
4 1/4") and measure recovery by apple size and variety.
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Table 1. Mean unpeeled weights and product recovery for 'York Imperial’, 'Rome Beauty', and 'Golden Delicious’ apples of various
sizes.

Mean Significant Average  Number of
unpeeled differences* recovery apples to
Apple variety weight Std. Recovery**  per apple make pound
& size range {grams) dev, York Rome Gold {percent) rams of product
York Imperial
2 14" to <2 1/2° 104.9 9.0 n/a 0 + 60% 62.9 7.21
2 12" to <2 3/4" 1315 13.2 n/a 0 + 65% 85.5 5.31
2 3/4" to <3" 181.6 14.9 n/a + 0 70% 127.1 3.57
3" to <3 1/4" 226.8 23.3 n/a + + 75% 170.1 2.67
Rome Beauty
2 14" to <2 1/2" 104.8 8.0 0 n/a + 60% 62.9 7.22
2 1/2" to <2 3/8" 134.5 11.1 0 n/a + 65% 87.4 5.19
2 3/4" to <3" 171.1 12.6 - n/a - 70% 119.8 3.79
3" to <3 14" 218.6 154 - n/a + 75% 164.0 2.77
Golden Delicious
2 14" to <2 12" 99.4 8.5 - - n/a 60% 59.6 7.61
2 112" to <2 3f4" 123.2 8.5 - - n/a 65% 80.1 5.66
2 3/4" to <3" 180.1 10.3 0 + n/a 70% 126.1 3.60
3" to <3 14" 204.3 14.1 - - n/a 75% 153.2 2.96

* 0:difference between means not significantly different from zero at the 5% level.
+: difference between means significantly greater than zero at the 5% level.
- : difference between means significantly less than zero at the 5% level.

** Data from Atlas Pacific Engineering Co., Pueblo, CO.
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Table 2. Processing prices (1993) and implicit values for *York Imperial’, 'Rome Beauty’, and *Yellow Delicious’ apples of various sizes.

Apple Variety
& Size Range
Premium

York Imperial
2 1/8" to <2 112"
2 12" to <2 3/4"
2 3/4" to <3"
3"to <3 14"

Rome Beauty
>2 1/4" to 2 112"
>2 1/2" to 2 3/4"
>23/4" to 3"
>3" to 3 14"

Golden Delicious
>2 14" to 2 1/2"
>2 1/2" to 2 3/4"
>2 3/4" to 3"
>3"to 3 14"

1993

Knouse
Prices

$4.00
$7.75
$9.50
$9.50

$4.00
$6.75
$7.75
$7.75

$4.00
$7.25
$8.75
$8.75

1993

Duffy-Mott
Prices

$3.75
$7.25
$9.00
$9.00

$3.75
$6.50
$7.50
$7.50

$3.75
$6.50
$8.50
$8.50

Proc.

Effic.

212"
Basis

0.74
1.00
1.49
1.99

0.72
1.00
1.37
1.88

0.74
1.00
1.57
1.91

Knouse

21"

Price Premium Price Premium

" $5.71

$7.75
$11.53
$15.42

$4.85
$6.75
$9.25
$12.66

$5.40
$7.25
$11.41
$13.87

2 3"

$6.80
$7.75
$9.50
$11.31

$5.99
$6.75
$7.75
$9.12

$6.47
$7.25
$8.75
$9.64

Duffy-Mott

21"

$5.34
$7.25
$10.78
$14.43

$4.67
$6.50
$8.90
$12.19

$4.84
$6.50
$10.23
$12.44

2 38"

$6.30
$7.25
$9.00
$10.81

$5.74
$6.50
$7.50
$8.87

$5.72
$6.50
$8.50
$9.68

Proc.

Effic.

2 38"
Basis

0.50
0.67
1.00
1.34

0.52
0.73
1.00
1.37

0.47
0.64
1.00
1.22

Knouse

2 34"
Price

$4.70
$6.39
$9.50
$12.71

$4.07
$5.66
$7.75
$10.61

$4.14
$5.56
$8.75
$10.63

2 "

Duffy-Mott

2 38"

Premium Price

$6.80
$7.75
$9.50
$11.31

$5.99
$6.75
$7.75
$9.12

$6.58
$7.25
$8.75
$9.64

$4.46
$6.05
$9.00
$12.04

$3.94
$5.47
$7.50
$10.27

$4.02
$5.40
$8.50
$10.33

2 3"

$6.30
$7.25
$9.00
$10.81

$5.74
$6.50
$7.50
$8.87

$5.61
$6.50
$8.50

$9.68
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NOT FOR CITATION
WITHOUT CONSENT

OBSERVATIONS ON ROOT PRUNING AND TRUNK SCORING FOR GROWTH
CONTROL IN YOUNG BEARING APPLE TREES.

Stephen S. Miller
USDA-ARS, Appalachian Fruit Research Station

Kearneysville, WV 25430

INTRODUCTION - Research at the Appalachian Fruit Research Station to
develop mechanical harvesting for free standing apple trees using
over-the-row (OTR) equipment and trunk interia or trunk impact detachment
methods demonstrated the need for a well anchored tree. Spur type trees,
which generally yielded the highest percentage fresh market quality fruit
from OTR harvesting, were often poorly anchored even on semi-dwarf
rootstock. A more vigorous rootstock, such as MM.111 or seedling,
provided tree vigor and the necessary anchorage. However, the
combination of a vigorous rootstock and some spur cultivars presented a
problem in maintaining the high density (HD) planting systems (= to or >
1122 trees/ha) desired. Non-spur type cultivars could not be maintained
in a HD system without some means of growth control. Effective growth
control is one of several problems in developing OTR mechanical
harvesting. The loss of daminozide and a failure to obtain registration
for paclobutrazol, both excellent growth regulators, compounded the
problems for developing mechanical harvesting systems for HD, free

standing apple plantings.

Root pruning reduces growth of young (Schupp and Ferree, 1987) and mature
(Schupp and Ferree, 1988; Ferree, 1992) apple trees. Trunk scoring
reduces terminal growth on young bearing apple trees (Greene and Lord,
1983). This report provides data and observations on root pruning and/or
trunk scoring to affect the growth of vigorous young apple trees on M.7A
rootstock in HD plantings.

MATERIALS and METHODS - General: Two studies were conducted: one was
begun in 1988, and a second on a different group of trees in 1991. Trees
were growing in a fertile, well drained Hagerstown/Frederick cherty silt
loam soil. All trees were trained to a central leader (CL). Trees in
the 1988 study were pruned annually and branches spread with liberal use
of limb spreaders. Trees in the 1991 study had aimost no pruning and
training during the first two seasons and only minimal pruning and
training thereafter to establish the CL and keep the canopy open to
light. All cultivars used had a non-spur growth habit and were
3-years-old when treatments were initiated. | evaluated four
treatments: root pruning (RP), trunk scoring (TS), root pruning + trunk
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scoring (RP + TS), and a non-treated control (-RP - TS). Roots were
pruned in 1988, 1989, and 1990 to a depthof 45 - 55 cm with a sharpened
subsoi ler mounted on a tractor tool bar. A commercial root pruner (Phil
Brown Welding Corp., Conklin, Mi) was used for root pruning beginning in
1991. This subsoiler pruned to a depth of 30 - 35 cm. Schupp and Ferree
(1988) previously reported no difference in response to root pruning
between 25 and 50 cm pruning depth. Roots were pruned at full bloom +14
days. Trunks were scored 10 - 14 days after full bloom as described
below for the two studies. Trickle irrigation was applied to supplement
rainfall during the growing season as needed based on soil tensiometer
readings. The experiment was designed with 9 replications in randomi zed
complete block in the 1988 study and 6 replications in the 1991 study.
Treatments were applied to individual trees.

1988 Study: 'Smoothee Golden Delicious'/M.7A planted in 1985 in north -
south oriented rows and spaced 2.5 x 5.25 m (761 trees/ha) were root
pruned annually from 1988 through 1992. Roots were cut on two sides of
the trees 75 cm from the trunk in 1988, 90 cm in 1989 and 1990, and 60 cm
in 1991 and 1992. Trunks were scored 60 cm above the graft union with a
knife making a single circumscribing cut through the bark on the trunk in
1988. The same location was scored again in 1989 and 1990. In 1991 and
1992 a spiral cut was made below the previous scoring cut with a hacksaw
blade. The spiral cut was such that at any one vertical point on the
trunk at least two scoring cuts existed one above the other, separated by
2.5-3.0 cm. Trunk circumference 30 cm above the graft union, the length
of 20 terminal shoots selected at random around the tree periphery, and
canopy width through the center of the tree parallel to the row were
recorded during the dormant season. One limb per tree ranging from 10-15
cm in circumference was selected and measured for blossom clusters in
1989, 1990, and 1991. Data were subjected to analysis of variance and
means separated by the Ryan-Einot-Gabriel-Welsch Multiple F Test at P=
0.05.

1991 Study: Three adjacent north-south rows, one each of 'Kidd's Gala',
'Empire', and 'Jonagold’, all on M.7A rootstock planted in 1988 and
spaced 1.8 x 4.8 m (1122 trees/ha) were root pruned beginning in 1991.
Treatments were repeated on individual trees in the replicates for each
cultivar in 1992 and 1993. RP cuts were made at a distance of 60 cm on
two sides of the trunk in 1991 and 1992 and 45-50 cm from the trunk in
1993. TS was initiated in 1992 and consisted of a single cut through the
bark circumscribing the trunk; TS was repeated in 1993. Trunk
circumference and terminal shoot growth was measured in 1992 and 1993.
Tree yields and fruit quality measurements (fruit diameter, weight, flesh
firmness, soluble solids, and starch index) were recorded at harvest.
Data were subjected to analysis of variance and means separated by
Duncans Multiple Range Test at P = 0.05.
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RESULTS and DISCUSSION - 1988 Study: Neither RP or TS affected terminal
shoot growth of 'Smoothee Golden Delicious'/M.7A during the 5 years of

this study (Table 1). The combined treatment of RP + TS reduced terminal
growth over non-treated control trees each year except in 1990. The lack
of effect in 1990 is likely due to the heavy crop on all trees that year
(mean yield, 43.2 kg/tree) with abundant precipitation (52.3 cm) during
the growing season (April through August). Treatments affected trunk
circunference somewhat differently (Table 1). Trees that were TS and RP
+ TS reduced trunk growth more than RP or -RP-TS (control). Canopy width
was not affected by any treatment in this study (data not shown). Canopy
width exceeded the allotted space (250 cm) during the 6th growing

season. Treatments applied two additional years did not contain canopy
spread. The number of blossom clusters was greater on RP + TS trees
compared to non-treated trees in 1990 (Table 2). No other treatment
effects were observed on bloom.

In general treatment effects in this study show little practical value
and are less pronounced than those reported by other researchers (Schupp
and Ferree, 1987, 1988; Ferree, 1992; and Greene and Lord, 1983).
Visually, effects of TS or RP + TS were more evident in the dormant
season as shorter shoots and fewer long vegetative shoots especially in
the upper canopy. Lack of response to RP might be due to several
factors: 1) the RP cut might have been too far from the trunk to
effectively reduce root volume; 2) irrigation in the tree row tends to
confine the bulk of the root system to the center line of the row thus
reducing athe effectiveness of RP; and 3) the deep fertile soils in this
area encourage downward rather than lateral root development, especial ly
in conjunction with trickle irrigation. Ferree (1992), in Ohio, showed a
consistent reduction in shoot growth with root pruning on mature
'Jonathan'/M.26 except in years when moisture was abundant.

1991 Study: The only data collected in 1991 was yield and fruit size on
1Gala'. Yield and fruit size from RP trees tended to be less than -RP
trees; but, differences were not significant (data not presented).
Response to RP and/or TS in 1992 and 1993 varied and was inconsistent
between years and among cultivars (Table 3 and 4). In 1992 terminal
shoot growth was reduced by RP on 'Jonagold' and RP + TS on 'Empire' and
'Gala' (Table 3). In 1993 RP and RP + TS reduced terminal growth of
'Empire'; only the latter treatment reduced shoot growth on 'Jonagold'.
Terminal growth was not affected by any treatment on 'Gala' in 1993. RP
reduced trunk cross sectional area (TCSA) on 'Jonagold' trees both years;
no other effects were observed on TCSA (Table 3). TS reduced 'Empire’
yields compared to the non-treated trees in 1992 (Table 4). 1n 1993,
yields were reduced only for RP 'Gala’' trees; 'Empire' trees that were RP
+ TS had higher yields than controls (Table 4). Fruit diameter was
reduced in 1992 by RP on 'Jonagold' and by RP + TS on 'Gala'. RP +
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TS reduced fruit diameter of 'Empire' and 'Gala' and RP reduced diameter
of 'Jonagold' in 1993 (Table §). Treatments that reduced fruit diameter
also reduced fruit weight (data not shown). Previous studies have shown
root pruning reduces fruit size (Schupp and Ferree, 1987, 1988; Ferree,
1992). The small reduction in fruit size has practical implication: it
represents a reduction of one tray-pack box size. Treatment had little
effect on fruit quality, but was generally inconsistent (data not
presented). Failure to observe a reduction in tree growth is surprising,
since trees were vigorous and RP was placed where effects generally
occur. Similar applications in other areas have consistently reduced
tree growth.

CONCLUSIONS: Results from these studies are discouraging as a growth
control in HD apple production, particularly since successes were
reported elsewhere. RP was inconsistent and generally failed to reduce
shoot growth or slow canopy spread to the extent that no practical
advantage was recognized from this technique for young apple trees
growing on a fertile site and trickle irrigated. Scoring alone was
generally ineffective. A combination of RP and TS did reduce growth and
in one year affected bloom clusters. These treatments might have been
more effective if trees had not been irrigated and RP cuts had been made
closer to the trunk. The lack of response to RP in these studies on
apple are similar to those for root restriction studies on peach under
similar edaphic and irrigation conditions (personal communication, D. M.
Glenn). Based on my experiences, | cannot recommend RP as a cultural
technique for growth contro! in young trees under similar growing
conditions. Proper selection of rootstock and planting distances remain
the best known approach to solve the problem of canopy crowding and
excessive vegetative growth.
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Table 1. Effect of root pruning (RP) and trunk scoring (TS) on terminal growth and trunk circumference
in young 'Smoothee Golden Delicious'/M.7A apple trees during 5 yearsZ.

Average terminal shoot growth (cm): Average trunk circumference (cm):
TreatmentY 1988 1989 1990 1991 1992 1988 1989 1990 1991 1992
Root Pruned 45ab* 30ab 38a 42ab 43ab 19.5ab 25.4a 28.2ab 33.4a 35.3a
Trunk Scored 42ab 28ab 423 39ab 47ab 17.4c 22.8b 26.5b 28.7b 31.8b
RP + TS 36b 25b 36a 33b 39bh 17.7bc  23.1b 26.5b 29.3b 31.2b
Control 51a 31a 39a 45a 48a 20.0a 25.8a 29.0a 33.4a 35.8a

Z Three-year-old central leader, trickle irrigated trees in 1988.
Y Applied in spring 1988 about full bloom and each year afterward.

X Means significantly different, Ryan-Einot-Gabriel-Welsch F-test, P=0.05.
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Table 2. Effect of root pruning (RP) and trunk scoring (TS) on-bloom
clusters in young 'Smoothee Golden Delicious'/M.7A apple trees in 1989 -
1991.

Blossom clusters per 10 cm
limb circumference

Treatment? 1989 1990 1991

Root Pruned 29.3aY 103.2ab 16.4a
Trunk Scored 29.6a 139.9ab 28.2a
RP + TS 25.4a 157.3a 29 .6a
Control b4.7a 85.3b 10.9a

Z Applied to 3-year-old central leader trees beginning in 1988 and each
year after about full bloom.

Y Means significantly different, Ryan-Einot-Gabriel-Welsch F-test,
P=0.05.
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Table 3. Effect of root pruning (RP) and trunk scoring (TS) on terminal shoot growth and trunk cross sectional area
(TCSA) in several apple cultivars.

Average terminal shoot growth (cm): Average TCSA (cm?):

'Gala’ 'Empire’ 'Jonagold' 'Gala' '"Empire’ 'Jonagold'
TreatmentZ 1992 1993 1992 1993 1992 1993 1992 1993 1992 1993 1992 1993
Root Pruned 26abY 22b 29bc 22¢ 26b 20ab 42b 55b 36ab 44ab  55b 64b
Trunk Scored 36ab 3b5a 44a 39ab 36ab 26ab 51a 12a 43a 54a 63ab 89ab
RP + TS 23b 29ab 24c 23be 28ab 18b 47ab 56ab 35b 42b 62ab 72ab
Control 38a 20ab 42ab 41a 42a 30a 50ab 65ab 38ab  52ab 66a 96a

Z ppplied in 1991 to 3-year-old trees on M.7A rootstock. Repeated in 1992 and 1993. Root pruned at full bloom + 14
days; trunk scored 10-14 days after full bloom.

Y Mean separation by DMRT, P=0.05.

L -— 48N
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Table 4. Effect of root pruning and trunk scoring on yield of several apple
cultivars.

Average yield (kg/tree)

'Gala' ‘Empire’ 'Jonagold’
Treatment? 1992 1993 1992 1993 1992 1993
Root Pruned 40.6abY 26.8b 29.3ab 23.4ab 43.3b 51.5ab
Trunk Scored 42.7a 43.6ab 24.6b 30.5ab 64.1a 46.2b
RP + TS 33.8b 46.4ab 27.5ab 36.2a 56.1ab 60.4a
Control 34.2ab 50.6a 30.6a 17.6b 59.2ab 59.4ab

z papplied in 1991 to 3-year-old trees on M.7A rootstock. .Repeated in 1992 and
1993. Root pruned at full bloom + 14 days.

Y Mean separation by DMRT, P=0.05.

Table 5. Effect of root pruning and trunk scoring on fruit diameter of several
apple cultivars.

Average fruit diameter (mm)

'Gala’ 'Empire' 'Jonagold'
Treatment? 1992 1993 1992 1993 1992 1993
Root Pruned 70.2ab¥Y 65.7ab 74 .0a 69.3ab 82.2b 74.0b

Trunk Scored 71.5ab 66.2ab 73.2ab 70.2ab 84.7ab 77 .5ab
RP + TS 66.8b 63.8b 73.1b 69.0b 83.2ab 74 .5ab
Control 73.7a 67 .0a 73.9ab 70.8a 87.0a 77 .8a

Z Applied in 1991 to 3-year-old trees on M.7A rootstock. Repeated in 1992 and
1993. Root pruned at full bloom + 14 days.

Y Mean separation by DMRT, P=0.05.
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Title: Storability of Apples as Influenced by Tufted Apple Bud Moth (TABM)
Damage or Reduced Fungicide Programs

Authors: C. L. Barden, G. M. Greene, L. A. Hull and K. D. Hickey
Departments of Horticulture, Entomology and Plant Pathology
Penn State University
Fruit Research Lab
P.O. Box 309
Biglerville, PA 17307-0309

Introduction:

Tufted apple bud moth (TABM), Platynota idaeusalis (Walker), is presently the most
serious direct pest of apples in the mid-Atlantic region of the U.S. TABM has become
resistant to the organophosphate insecticides that have low toxicity to the major mite
predator in Pennsylvania and the use of the remaining pesticides that are toxic to
TABM would severely threaten successful biological control programs for European
Red Mite. Hull and Rajotte (1988) evaluated the impact of TABM injury on the USDA
grades of processing apples and measured quality changes in storage. Their resuilts
have raised a number of concerns within the industry about the storage of apples with
insect injury. [f apples with insect injury can be stored without a loss of quality,
pesticides can be lowered which in turn would improve the opportunity for the use of
parasitoids as biological control agents for TABM. More information is needed to
assess the impact of TABM injury on the apple industry in the mid-Atlantic region. This
project was developed to evaluate the impact of TABM Injury on quality deterioration of

several cultivars and to further examine the relationship between TABM injury and
h | V.3 2% i it bre dari Anr i H $enl
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fungicide rates, the full impact of reduced fungicide usage on the lavel of fruit decay at
harvest and after storage is unknown. It may be difficult to measure this effect within
one or two years because inoculum levels have been low due to regular fungicide
usage during the last decade and the drought of 1991 In the mid-Atlantic region was
unfavorable for rapid buildup. In view of historic fruit decay problems associated with
the usage of relatively weak fungicide programs, it is likely that fruit decay will increase
significantly with increased insect injury and decreased fungicide residues on fruit.
Therefore, more ressarch is needed to study the relationship between fungicide
programs and the storability of apples.

This research project is funded by the USDA, at the urging of the IAl, with the following
general objectives: :

1. Establish experiments involving various fungicide and insecticide programs that
will result in a range of pest damage severity levels.

2. Evaluate fruit quality and disease/insect incidence severity on fruit at harvest
and following storage in varying environmental conditions.

3. Develop recommendations to 1) manage insects and diseases so that minimal
losses occur in storage, while preserving IPM programs and minimizing

pesticide usage and 2) optimize CA storage conditions that will result in minimal
loss of fruit quality.

Entomology Experiments (92/93): TABM damage categories were
established based on the aggregate area of damage on the apple. There were 5 -
6 categories depending on the cultivar. The first 2 -3 categories were based on the
USDA Fresh Market Grades while the upper categories were arbitrary categories.

P1-'Gol jous’
6 TABM Categories
1 =0 (control)
2 = <3 mm (USDA Extra Fancy)
3 =3.1-5.0 mm (USDA Fancy) -
4=51-10.0 mm
5=10.1-20.0 mm
6=20-40 mm

Storage Regimes
1 = Regular Air Storage
2 =CA (2.4% O2 + 0% CO2)

Storage Removals - 3, 6 and 9 months

3 3
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Pathology Experiments (92/93): Several expetiments were set up to examine
the impact of different spray programs, both at the Fruit Research Laboratory and

BARDEN----3

5 TABM Damage Categories

0 (control)

< 3 mm (USDA Extra Fancy)
3.1 - 5.0 mm (USDA Fancy)
5.1 -10.0 mm
1

1
2
3
4
5=10.1-20.0 mm

nhuwnw oo

6 CA Regimes
1=24% 02+ 0% CO2
2=2.4% 02 +4% CO2
3=24%02+8%C02
4 =1.0% 02 + 0% CO2
5 =2.4% 02 + 4% CO2 for 21 days then cycle to 8% for 7 days
6 = 2.4% O2 + 4% CO2 for 21 days then cycle to 12% for 7 days

Storage Removals - 3 and 6 months

- L) ' H T
5 TABM Damage Categories
1 = 0 (control)
2=<5 mm
3=5.1-10.0 mm
4=10.1-15mm
5=>15mm

3 Storage Regimes
1=2.4% 02 + 0% CO2
2=24%02+4%C02
3=1.0% 02+ 0% CO2

Storage Removals - 3, 6 and 9 months

from grower orchards, on the storability of apples.

3 Spray Programs

‘ - 5th cover with Benlate and Captan
- 5th - 7th.cover with Benlate and Captan
- 5th - 8th cover with Benlate and Captan
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3 CA Atmospheres
-2.4% 02 + 0% CO2
- 2.4% Oz + 4% CO2
- 2.4% 02 + 8% CO2

1 Storage removal at approximately 5 months

3 Spray Programs
- Best Commercial
- Microzir
- Ziram

3 CA Atmospheres
- 2.4% 02 + 4% CO2
- 2.4% 02 + 4% COg for 21 days then 8% CO2 for 7 days, repeated
- 2.4% O2 + 4% CO2 for 21 days then 12% CO2 for 7 days,
repeated

1 Storage removal at approximately 5 months |

7 Spray Programs
-3 at the Fruit Research Lab
-4 at growers

2 Storage Treatments - Commercial CA vs Commercial RS

1 Storage ramoval for RS at approximately 5 months
Rots counted in CA at 4.5 months and storage removal at
approximately 7 months

3 Spray Programs
-2 at the Fruit Research Lab
-1 at a grower

2 Storage Treatments - Commercial CA vs Commercial RS
1 storage removal for RS at approximately 7 months

Rots counted in CA at 4 months and storage removal at 6.5
months

3 3 _3
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6 Spray Programs

-2 at Fruit Research Lab
-4 at growers

2 Storage Treatments - Commercial CA vs Commercial RS

1 storage removal for RS at 6.5 months
Rots counted in CA at 4.5 months and storage removal at 7 mo

3 Spray Programs
-Best Commercial
-Microzir
-Ziram

2 Storage Treatments - Commercial CA vs Commercial RS

1 storage removal from RS at 7 months
Rot counted in CA at 4 months and storage removal at 6.5 months

Besults:

Entomology

At harvest tufted apple budmoth damaged 'Golden Deliclous’ apples were
more mature based on the starch scores, however, there were no differences
in starch scores for 'York Imperial’ or 'Delicious’ apples.

‘York Imperial' apples in the highest damage category had higher soluble
solids than the controls and those in lower damage categories at harvest,
however, there was no effect of damage category on soluble solids in
storage of any of the cultivars.

Weight loss and decay during storage tended to increase with increased
TABM damage severity (see Figures 1-4). The percent decay was more than
four times higher In the higher damage categories than in the controls in
some cases. In EXP 2 there was significant internal damage in apples stored
under high CO2 levels (see Figure 5).

Pathology

The results from these experiments indicate that the spray programs had

no significant effect on the storage life of the apples. There were differences in
firmness, decay and weight loss for apples from different storage atmospheres
in some experiments.
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Conclusions and Further Research:

Entomology
In these experiments some effects on decay and weight loss wers evident in
apples in the higher damage categoties. However, there was little quality loss
during storage due to relatively minor TABM feeding damage.

Experiments for the 1993-94 season have been set up to further explore the ™
storability of TABM damaged fruit and to deal with some of the problems we ‘
encountered last season. We atrtificially damaged fruit on the trees to mimic

TABM damage in order to have some control over the number and distribution ™
of damaged fruit. We are also studying the timing of the damage. In addition ‘
we will be inoculating some of the damaged fruit prior to storage in order to

ensure the presence of rot potential. ~

Plant Pathology
The results from the results presented here indicate that the spray programs -
had little or no influence on the storage quality of the apples. However, these
results may be indicative of a lack of inoculum and the results of several years
of reduced fungicides may be a better indication of the real effects (see

background). '—|
Experiments for the 1993-94 season include postharvest inoculation of apples -
from different spray programs in order to ensure the presence of dacay -
potential.

Percent Decay of Goiden Deliclous Apples with TABM Damage (ENT EXP 1)

20 |
-3 3 Months

—o— § Months ™

g' !

a 10-

® =

-

0 4 1 | ¥ T T [ § T T |

0.000 <3mm 3.1-50mm S5.1-10mm  10.1-20mm  20.1-40mm

Figure 1 TABM Damage -



3

3

1 T3

—

731 1 1 73

BARDEN----7

Percent Decay of Deliclous Apples with TABM Damage (ENT EXP 2)
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Psrcont Weight Loss Aftor 3 Months in Storage of Dellclous
Apples with TABM Damage (ENT EXP 2)
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Title: Bloom Delay Techniques for Peach
Authors: D. Michael Glenn Bill D. Horton
USDA, ARS USDA, ARS
Appalachian Fruit Res. Appalachian Fruit Res.
Station Station.
45 Wiltshire Rd. 45 Wiltshire Rd.
Kearneysville, WV 25430 Kearneysville, WV 25430

Spring frost damage frequently limits peach production in the Mid-Atlantic
states. Delaying bloom by as little as 5 days would reduce the frost damage
risk in many years. Our objective in this study was to evaluate the bloom
delay potential of ethephon, a growth regulator, the practice of evaporative
cooling, and their interactions prior to the bloom period. Treatments of:

1) fall applied ethephon, and 2) mist irrigation were applied to dormant,
six-year-old ‘'Loring' peach trees, that had been trained to a free-standing
'Y¥', and spaced 2.5 x 4.5 m. The study was randomized in § replicates of a
split-plot design with mist + as the mainplot, and ethephon + as the subplot
(one tree per treatment). A border tree separated the mist plots. Ethephon
at 100 PPM was applied at 1 1/2 gal/tree in the fall of 3 years at about 50%
leaf fall. Mist irrigation was applied by a pulse system through emitters
suspended within the tree canopy. Mist was started in late February and
terminated after petal fall. There was 1 emitter/tree in 1991, two
emitters/tree in 1992 and 4 emitters/tree in 1993, Each emitter delivered
0.5 gal/hour in pulses at 10 second intervals. Flower bud developmental rate
was measured from bud swell to petal fall. The treatment effect on time of
harvest, fruit number and size were evaluated. 1In 1991 and 1992 ethephon and
ethephon + misting delayed bloom 3-5 days; however, these treatments also
reduced yield. 1In 1993, mist from the increased number of emitters/tree and
the ethephon + mist treatment delayed bloom 5 days, with no reduction in
yield. We conclude that the concept of evaporatively cooling dormant peach
buds has a viable potential to delay bloom and reduce the risk of frost
damage without reducing fruit yield.
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Effects of Combining ATS and Fungicide Bloom
Sprays on Disease Control, Thinning,
and Phytotoxicity of Peach.

William C. Olien
Department of Horticulture

R. Walker Miller, Jr.
Department of Plant Pathology and Physiology

Charles J. Graham and Mary E. Hardin.
Department of Horticulture
Clemson University
Clemson, SC 29634

Abstract:

Spray application of ammonium thiosulfate (ATS) and fungicides as a tank
mix during the bloom period would be beneficial to commercial peach production.
Currently these sprays are applied separately because of uncertainties about
compatibility and effects of combinations on peach trees. Observations in
commercial peach orchards indicated that air blast sprayer application of ATS
and triforine induced shoot dieback and gummosis when tank mixed, but not
when applied in separate applications. A controlled orchard study was
conducted to determine main and interaction effects of two levels of ATS (0 and
2%) with ten fungicide treatments (water, benomyl, chlorothalonil, captan,
triforine, propiconazole, vinclozolin, iprodione, sulfur, and thiophanate-methyl) in
a 9-year-old 'Redhaven' orchard with handgun spray application. Fruit load was
affected only by ATS and number of blossom blight cankers/tree was affected
only by fungicide. Interaction effects were significant on phytotoxicity to blooms
and young shoots among ATSxFungicide combinations.

Introduction:

Growers must apply a variety of compounds to peach orchards during bloom
in order to produce high quality fruit. Particularly important are applications of
ammonium thiosulfate (ATS) for foliar fertilization and fruit thinning (Byers and
Lyons, 1984, 1985; Havis 1962), and application of fungicides to control blossom
blight canker induced by the brown rot fungus (Monilinia fructicola) (Bost, et al.,
1993; Hendrix et al., 1993; Horton, 1993; Pfeiffer, 1993; Springer, 1993; Ritchie
et al., 1993; Travis, 1993).

Application of ATS as a tank mix with fungicides would be advantageous, but
chemical compatibility and interactive effects of these compounds on fruit load,
blossom blight control, and phytotoxicity to flowers and young shoots are not
known. Thus, growers have applied these compounds in separate spray
applications, increasing the application cost. Critical timing at bloom is sacrificed
by applying the compounds in separate sprays.

Of particular concern are observations of shoot injury in commercial peach
orchards where ATS was tank mixed with some fungicides. This study was
therefore established to test effects of ATS and fungicides applied separately and
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in tank mixed combinations on fruit thinning, blossom blight control, and
phytotoxicity of peach trees.

Observations in Grower Orchards:

Observations were made in two South Carolina commercial peach orchards in
1993 where a comparison could be made of the effects of separate vs. tank
mixed applications of ATS and Funginex. Both orchards were of mature bearing
age, one a planting of 'Calred' and the other of ‘Junegold'. Application was made
by the grower with an air blast sprayer.

Several rows of each orchard had been treated with 3 gal ATS
formulation/acre (= 3% ATS solution x 100 gal/acre spray) and Funginex (24 oz
formulation/acre) in separate applications (not tank mixed). Another portion of
each orchard had been sprayed with the same concentrations of ATS and
Funginex but as a tank mix. All applications were made on the same day at full
bloom. No phytotoxicity was noted where ATS and Funginex were applied
separately. However, when these chemicals were tank mixed, severe dieback of
young shoots and oozing gum was noted in both cultivars. Phytotoxicity
associated with various ATS-fungicide tank mixes has also been noted in other
peach orchards.

Controlled Study:
Materials & Methods:

The study was conducted in a ‘Redhaven’ orchard, located at the Musser Fruit
Research Station, South Carolina Agricultural Experiment Station, Clemson
University. The orchard was planted in 1985 and was trained to a central leader
tree form. Tree spacing = 4 m (in row) x 4.5 m (between rows), for a tree density
of 225 trees/acre. Trunk cross-sectional-area (CSA) averaged 108 + 25 cm?@
across all trees and did not differ (5% level of significance) among replications or
treatments. Treatment application was made at full bloom (March 29, 1993).
Due to unusually cool spring temperatures, 1993 full bloom occurred two weeks
later than normally expected in South Carolina.

Pretreatment of test orchard with brown rot spores. The orchard was
inoculated with brown rot spores the evening prior to application of the chemical
treatments, allowing approximately 20 hours for spore germination and infection.
Inoculum solution was prepared by scraping 30 cultured plates into 30 gal water
plus ca. 15 ml Turgitol F surfactant. Each tree was sprayed to drip (ca. 1.25 min)
by handgun at a sprayer pressure of ca. 35 psi and flow rate ca. 2 liter/min (0.53
gal/min).

To determine the effectiveness of spore application, 12 open agar Petri
dishes were hung in trees randomly throughout the orchard prior to application of
the brown rot spore suspensions. These were collected the following morning,
and returned to the laboratory for culture growth. M. fructicola grew out on all
plates, indicating good coverage of the orchard with viable spores.

Chemical treatments and application. Treatment combinations were a
factorial of two ATS treatments combined with ten fungicide treatments making
20 treatment combinations with four replications of single tree plots, for a total of
80 trees in the study. The experiment was conducted as a randomized complete
block design. Chemical treatments were applied by handgun from a Berthoud 30
gal. plot sprayer operated at a pressure of ca. 90 psi and flow rate ca. 2.4
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liter/min {0.63 gal/min). Each tree was sprayed for one minute (past drip) to
assure uniform application of chemical to each tree. A portable shield ca. 8 x 10
feet was constructed of PVC pipe and plastic sheet to prevent drift contamination
of adjacent trees during spray application.

ATS (60% ai, w/v) was applied at two levels (0 and 2% formulation, v/v). The
'No fungicide-No ATS' treatment was sprayed with water only. Air blast sprayer
application (not used in this study) of a 2% ATS solution at 150 gal/acre, would
deliver a dose of 3 gal of ATS formulation/acre. Actual ATS formulation applied
in this study = (0.63 gal/min)(1.0 min /tree)(0.02 gal ATS/gal spray solution)(225
trees/acre) = 2.8 gal ATS formulation/acre. Bloom thinning activity of ATS is
known to be greater when applied by hand gun than by air blast sprayer (Byers
and Lyons, 1985). While single tree plots did not permit application by air blast
equipment in this study, we used the airblast recommended rate of 2% ATS so
that possible interaction effects of ATS with recommended fungicide rates could
be tested.

The ten fungicide treatments were applied at a single recommended
concentration each:

Chemical names and concentrations used.

Concentration Applied

Trade Common Formulation _Active Ingred.
Name Name Manufacturer (/100 gal) (ppm) (g/acre)
None water control  ---==- = seseee emmme somee-
Benlate 50WP benomyl Dupont 0.75 b 450 240
Bravo 720 (g/ml) chlorothalonil ISK Biotech 1.38 pint 1240 660
Captan 50WP captan IC! Americas 1.51b 900 480
Funginex (18.2%) triforine Ciba-Geigy 12 oz fl 170 90
Orbit (41.6%) propiconazole Ciba-Geigy 2 oz fl 65 35
Ronilan DF (50%)  vinclozolin BASF 21b 1200 640
Rovral 4F (Ib/gal) iprodione Rhone-Poulenc 1 quart 1200 640
Uniflow Sulfur (74%) sutfur Uniroyal 3.5 pint 3240 1740
Topsin-M 70WP thiophanate- ELF Atochem  0.751b 630 340
methyl
ATS (60%) ammonium 2 gal. 12,000 6360
thiosulfate (=2.8 gal ATS formulation/acre)

Handgun spray volume applied = 141.6 gal/acre = 2.4 liter/tree.

Results:
A. Control of blossom blight cankers (Monilinia fructicola):

Overall, the number of confirmed blossom blight cankers/tree were low, in
spite of the pretreatment application of brown rot inoculum to the orchard. The
highest number of blossom blight cankers observed was 7/tree. This was in a
Captan+ATS tree. The highest number observed in the untreated control (No
fungicide-No ATS) was 3/tree.

Incidence of confirmed blossom blight cankers/tree were affected by
fungicide, but not by ATS or by ATSxFungicide combinations (ATS main effect
and ATSxFungicide interaction effect were not statistically significant in analysis
of variance). Therefore, results are presented only for fungicide main effects
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(Figure 1). Fungicides statistically superior to control in reducing blossom blight
cankers were: Benlate, Orbit, Ronilan, Rovral, and Topsin-M. These five
fungicides were equally effective (no statistical differences). In contrast, Bravo,
Funginex, and sulfur were not significantly different from controls in this test.

B._ Effect on fruit load (fruit thinning effect):

Initial fruit load was rated four weeks after bloom (April 28 to May 3), and
results were consistent with the count of fruit per tree at harvest (June 29). Fruit
load per tree at harvest was analyzed both on a per tree and on a per trunk
cross-sectional-area basis. On either basis, fruit load was aftected only by
application of ATS. There were no statistically significant interaction effects of
ATS with fungicides, and no significant fungicide main effects. Thus, only ATS
means across all fungicide treatments are presented below. Fruit load of ATS-
treated trees was 55% of non-ATS-treated trees, on a per tree basis.

Effect of ATS on fruit load

Initial Fruit Load at Harvest
ATS Fruit Load Fruit/tree Fruit/TrunkCSA
Treatmen rating)Z (number/tree) (fruit/cm?)
None 2.8 aYy 339 a 3.28 a
2% ATS 1.8b 153 b 1.38b

Z|nitial fruit load rating: 0=no fruit set, 1=slight, 2=moderate, 3=heavy.
YMeans within columns followed by the same letter are not significantly
different at the 5% probability level.

C. _Effect on phytotoxicity (flower and shoot):

In contrast to blossom blight control and fruit load effects, phytotoxicity to
flowers and shoots were significantly affected by the interaction of ATS with the
various fungicides. Rating of chemically burned blossoms/tree was made four
weeks after treatment (Figure 2). Slight blossom burn was noted in all fungicide
treatments without ATS and sulfur+ATS (rating = 0.75 to 1.25 on a 0 to 3 scale).
ATS alone caused considerable blossom burn (mean rating = 2.75). When
combined with ATS, the fungicides Benlate, Funginex, Orbit, and Ronilan were
no worse that ATS alone in blossom burn rating. Of special interest was the
reduction in blossom burn effect of ATS when combined with the fungicides
Bravo, Captan, Rovral, sulfur, and Topsin-M.

Number of one-year-old shoots suffering apparent dieback were counted per
tree four weeks after treatment (Figure 3). Without ATS, all fungicides were
equally as good as the water controls (No fungicide-No ATS), with 0.0to 1.0
affected shoots per tree. ATS alone and Ronilan+ATS induced significantly more
shoot dieback per tree than did water controls (mean of 3.0 and 3.25 dieback
shoots/tree, respectively). Benlate+ATS resulted in more than twice the number
of dieback shoots per tree than any other treatment (mean of 7.5 dieback
shoots/tree). Some regrowth from lateral buds on affected shoots in all
treatments was noted approximately six weeks after bloom.

Over all treatments, incidence of blossom burn and shoot dieback were highly
correlated (r=0.97), but neither form of phytotoxicity were correlated with number
of blossom blight cankers counted per tree (r<0.2). However, final fruit load, both
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per tree and per trunk CSA, was negatively correlated with rating of burned
blossoms per tree (r = -0.89 and -0.88, respectively). Thus, apparent reduction in
ATS phytotoxicity when ATS was applied in combination with some fungicides
suggests that fruit thinning activity of ATS may also be reduced by these
fungicides. Statistically significant differences in fruit load due to ATSxFungicide
combinations were not observed in this study, but may occur under some
conditions.

onclusions:

Fruit thinning and blossom blight control were not affected by ATSxFungicide
combinations in this study, suggesting that tank mixing these compounds would
not adversely affect these management goals. However, we are concerned
about the interaction effects of ATS and fungicides on phytotoxicity responses.
For this reason, we would recommend caution in tank mixing ATS with
fungicides. The authors recommend that the issue needs further study,
especially using air blast spray application equipment and large plot size that
more closely resemble grower conditions.
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Figure 1. Effect of fungicide on incidence of blossom blight canker.
Means with lower case letters in common are not significantly different at
P=0.05. Abbreviations: CON (Control, no fungicide), BRA (chlorothalonil), ™
CAP (captan), FUN (triforine), ORB (propiconazol), RON (vinclozolin), ROV }
(iprodione), SUL (sulfur), TOP (thiophenate-methyl).
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Figure 3. Effect of fungicide x ATS combinations on shoot phytotoxicity.
Means with lower case letters in common are not significantly different at
P=0.05. Abbreviations: “-* (without ATS), “+" (with ATS), CO (no fungicide),
BR (chlorothalonil), CA (captan), FU (triforine), OR (propiconazol), RO
(vinclozolin), RO (iprodione), SU (sulfur), TO (thiophenate-methyl).
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EVALUATION OF CONVENTIONAL STRAWBERRY AND STRAWBERRY
PLASTIC CULTURE IN MARYLAND AT WREC FOR 1993 PLANTING SEASON

Robert J. Rouse James G. Kantzes

Specialist, Vegetables and Fruits Botany Department

University of Maryland Lower Eastern Shore

Wye Research and Education Center Research Center

Queenstown, MD 21658 Salisbury, MD 21801

Galen P. Dively Michael J. Newell

Entomology Department Fruits and Vegetables

University of Maryland University of Maryland

College Park, MD 20742 Wye Research and Education Center

Queenstown, MD 21583

Objectives: Evaluation of Chandler strawberry plants grown on plastic to determine the
ideal planting window for plastic culture, annual strawberry production and its economic
feasibility under Maryland conditions in comparison to conventional strawberry production
were also studied.

Treatments: A 1992 planting of Chandler plug plants was made September 17,
September 22, and September 28. On September 29, a bare-rooted planting was made (rows
9-12). Chandler plants were planted double row on raised black plastic covered bed 72"
apart. Rows on bed 14" apart in row plants 12" apart. Rows 3 through 12 fumigated with
Vapam 8/30/92. Rows 4 through 12 fertility program. Broadcast at 500 Ibs per acre 10-10-20.
Sulphur coated urea banded under plastic at 350 lbs per acre. Rows 1 to 3 received compost
as fertilizer source. Row 1 also received kelp and partial organic fertilizer supplement. Part
of this trial was covered from December 16, 1992, to March 2, 1993. (A fall mid-September
1993 planting of plug plants will be made as a continuation of this project.)

A comparison planting of conventional June-bearers was made on April 25, 1993.
Varieties in the planting include: Glooscap, Blomidon, Cavandish, Earliglow, Allstar,
Lateglow, Jewel, Seneca, Annapolis, and three potential releases from USDA.

Results: This is the second year for the production of strawberries using annual plants
at the Wye Research and Education Center. The 1992 yield was too low to be economical on
a commercial basis. However, it was felt that the results were still inconclusive and that we
needed to look at mid-September plantings with plug plants versus bare-rooted plants on a
higher, firmer bed with better soil to plastic contact.

The system of annual strawberry production requires a more intensive management
scheme utilizing both overhead and drip irrigation in a raised plastic covered bed. We should
know more in regards to economic profitability of this system for our area with this spring's
harvest. However, it is strongly felt that this system must be looked at for at least one more
season, 1993-1994.
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Spring 1993 harvest began May 17 and ended June 9. The following data was
obtained.

Total yield Row 6, plug plants planted September 17, 1992, was 250.86 lbs
from 361 plants or .69 Ibs per plant.

Total yield Row 9, bare-rooted plants planted September 29, 1992, was 42.72
Ibs from 300 plants or .14 lbs per plant.

Total yields from plug plant time of planting study were as follows:

Planting Date lbs of Berries 1bs/Plant lbs per acre
September 17 188.15 .83 lbs 14,342
September 22 181.46 .76 lbs 13,132
September 28 143.14 .63 lbs 10,886
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Mark Apple Rootstock:
Field Performance and Responses to Controlled Agrobacterium tumefaciens

Inoculations

Christopher S. Walsh and Ed W. Stover’
Department of Horticulture
University of Maryland, College Park, MD 20742-5611

Francis J. Alinutt and G.R. Welsh
Western Maryland REC, Keedysville, Maryland

Mike Newell
WyeREC, Queenstown, Maryland

A number of new varieties may be well-adapted to Maryland's climate
allowing apple growers to produce high-quality fruit despite high summer
temperatures. In 1990, we planted two research orchards of GALA, BRAEBURN
and FUJI on 4 size-controlliing rootstocks. These plantings were set at University
of Maryland farms located at Keedysville and Wye. The initial goal of this research
was to test the adaptation of these cultivars to our climate. With time, we have
shifted our emphasis toward monitoring tree decline and losses.

Recent reports from Ohio have shown that tree loss can be a major problem
in orchards planted onto size-controlling rootstocks. With the aid of two industry
grants, we closely followed the performance of these two research plantings to
monitor early production and tree losses. The following table shows the effects of
variety and rootstock on per-tree yield, fruit size and tree losses measured in 1992,
and the number of fireblight strikes counted in July, 1993.

Apple rootstock trials: with Gala, Braeburn and Fuji. As expected, trees of these
new varieties have come into production rapidly. Unfortunately, a number of
problems have also been noted. Mark was the most precocious rootstock in the
block. Third-leaf yields were greater, but fruit size was significantly smaller. This
smaller fruit size was caused by overcropping, despite hand-thinning. At 400 trees
per acre, a Mark block would have yielded about 200 bushels per acre in the third
leaf at WyeREC. Conversely, a planting on M 111 rootstock at 120 trees per acre
would have produced only 18 bushels per acre.

'Currently:

Assistant Professor, Cornell University-Geneva
Hudson Valley Laboratory, Highland, New York

We are indebted to the International Dwarf Fruit Tree Association and the
Maryland State Horticultural Society for their support of this project.
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Unfortunately, these high, early yields from trees budded onto Mark
rootstock will not be sustained. In response to the 1982 crop, trees made little
new growth in 1983. Significant swellings were also visible on the Mark rootstock
shank, just below the soil line. Swellings are most pronounced on Braeburn/Mark
but can also be found on some Gala/Mark and Fuji/Mark trees. This “tissue
proliferation” may have begun to reduce vigor and fruit size in the third leaf.

Table 1. Effect of cultivar and rootstock on tree losses and yield in 1992 at
WyeREC, fireblight strikes in 1993.

1992 1993
Dead Yield Fruit . Fireblight
Treatment Trees per tree Weight Strikes
(%) (ka) (grams) (number)
Cultivar
GALA 5.5 4.4 145.2 5.4
BRAEBURN 8.2 6.9 194.5 6.8
FUJI 0 44 183.8 6.9
Rootstock
MARK 14.8 8.7 161.5 3.5
M 26 11.0 5.5 181.6 6.7
M 7a 0 4.1 178.2 7.7
M 111 37 2.5 176.8 8.3

. Table 1 shows the effects of cultivar and rootstock on per-tree yield, fruit
size, percentage of dead trees in 1992, and the number of fireblight strikes in July,
1993. Mark was the most precocious rootstock in the block; third-leaf yields were
greater, but fruit size was significantly smaller. The reduction of fruit size by Mark

‘was caused by these factors: a heavy crop load and crown-tissue proliferation.

Significant fireblight damage was first noted in 1993. A dormant copper
spray was applied; however, streptomycin was not used during bloom. Shoot
blight was severe during May and early-June. Damage to flowers on one-year
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shoots (last season's growth) and succulent vegetative shoots appeared to have
been the source of inoculum for the shoot-blight strikes. The fireblight epidemic
can be traced to rainy weather during May 5-7 when the MARYBLYT model
predicted that the risk was extremely high.

We found that the number of fireblight strikes counted per tree in 1993 was
inversely proportional to the 1992 yield. However, the number of strikes per tree
was not correlated with the known rootstock susceptibility. Weak trees on Mark
rootstock had the fewest strikes, while vigorous trees on M 111 had the most
strikes. Tolerance to fireblight in M 111 and M 7a may allow many of these trees
to survive despite this heavy pressure.

"Why did my tree die?" is a question that is often asked by apple growers.
The performance of trees in this block shows the dynamics involved in tree losses
as a young orchard comes into bearing and sheds some light on the complexities
involved in tree losses. The first tree losses occurred in response to high winds
that caused "blow-out" at brittle unions in Mark and M 26. Prior to the onset of
production and fireblight damage, Mark and M 26 tree losses exceeded 10
percent. Clearly, the decrease in vigor and tree losses occurred in  Mark
rootstocks prior to this year's fireblight infection. While fireblight can be a problem
in Mark and M 26, tree decline began with cropping and preceded the 1993
fireblight epidemic.

Mark apple rootstock: testing its relative susceptibility to crown gall. Many apple
growers have observed declining vigor in trees on Mark rootstock. Severely
swollen trunk tissue at or below the soil surface is routinely found in these Mark
plantings. While this abnormal tissue is not typical of crown gall in other species,
there are sections that superficially resemble the galls incited by Agrobacterium
tumefaciens. This part of our report deals with work directed determining the role
that crown gall plays a role in this swollen trunk syndrome.

In 1992 we verified the reported susceptibility of Mark to crown gall through
inoculation with A. tumefaciens strains representing each of the three principle
biovars. Galls developed rapidly on virtually every site inoculated with strains of
biovars 1 and 2. Initially no effect was observed from inoculations made with a
biovar 3 strain that is highly virulent on grape; however, 1 of 40 sites had a small
gall at 20 weeks after inoculation. At 15 weeks after inoculation the mean gall
depth from inoculations with a biovar 1 strain (isolated from grape) was 16 mm and
every inoculated site produced a gall. At 15 weeks after inoculation the mean gall
depth from inoculations with a biovar 2 strain (isolated from raspberry) was 12 mm,
and 94% of inoculated sites produced galls. No galls were observed from control
inoculations with water or A. radiobacter. Inoculations with biovars 1 and 2 have
produced some galls that continue to develop after 20 weeks. Most galls formed
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brown, lignified surfaces but many had young, actively-growing gall tissue adjacent
to the initial galls.

Experiments are underway testing the hypothesis that diffusion of plant
growth regulators from pockets of crown gall contribute to the development of the
swollen crowns observed in Mark. Ten trees of each of five rootstock genotypes
were inoculated with three strains of Agrobacterium tumefaciens biovar 1 and
compared to controls that were uninoculated or inoculated with sterile deionized
water. After one week, trees were re-potted so that the lowest inoculated site on
each plant was below the soil line. Apparent crown gall formation was evaluated
at fiteen weeks after inoculation (Table 2). All genotypes tested were quite
susceptible to crown gall, but M9 and Mark were significantly more susceptible
than the other genotypes in all categories except one. One hundred percent of the
below ground inoculated sites formed galls in Mark rootstock; this was significantly
greater than all other genotypes except M7a. Interestingly, 100% of the Mark
trees inoculated with sterile deionized water also produced apparent galls at sites
below the soil line although none of the above ground inoculations produced galls.
Mark trees that were left as uninoculated controls showed no gall formation.
Apparent gall formation in Mark water controls may represent extreme callus
proliferation from wounding or could be actual crown gall from low levels of A.
tumefaciens already present on the trees. No woody tissues characteristic of Mark
swollen crowns were observed.

Table 2. Response of rootstock genotypes to inoculation with Agrobacterium
tumefaciens.

Above Soil Under Soil

% Inoc. Sites Mean Gall % Inoc. Sites Mean Gall
Genotype Form Galls Size mm Form Galls Size mm
M9 76.7 a 772 a 714 b 16.3 a
Mark 729 a 6.68 ab 100.0 a 141 a
M26 60.9 b 3.57d 733 Db 52b
MM111 60.7 b 6.02 bc 66.7 b 42 b
M7a 427 ¢ 5.22 ¢ 85.7 ab 9.7 b

4
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These trees were transferred to the field where further tissue proliferations
will be evaluated after an additional year of growth. Tissue proliferations from
water inoculated controls and swollen crowns of Mark in growers orchards will be
tested for presence of T-DNA through polymerase chain reaction using a primer
from a conserved region of the jaa-h and jaa-m genes of Agrobacterium
lumefaciens.

Field Observations of MARK pilantings -- 1993 In July, we systematically
monitored trees at WyeREC and Keedysville for insect and disease pests. Trunks
were excavated to observe tissue proliferation, and bark was peeled to monitor
necrosis. In September and October we monitored MARK plantings in western
Maryland and the Hudson Valley, New York. This field survey again identified
susceptibility to wood-rotting fungi, fireblight, woolly apple aphids and borers as
additional problems with Mark.

Fireblight At Wye, trees showed evidence of the "Steiner Syndrome”, where
fireblight moves asymptomatically through the vascular tissue from the scion to
the rootstock. This was evident in Mid-July, two months after initial strikes. M
26 appeared more susceptible than Mark to fireblight-induced decline. We
expect high tree losses in the future in these infected stocks M 26 stocks.

Insect pests Tissue proliferation was noted at Wye. In this planting no woolly
apple aphids (WAA) or borers were found. In older commercial plantings, these
pests were found in association with "weepy" tissue proliferations. In one
commercial orchard, WAA were more severe on M 26 stocks than Mark. These
WAA-infested M 26 trees were quite healthy, however.

Tissue proliferation Above-ground symptoms of tree decline were evident when
more than 2/3 of the rootstock diameter was affected with "tissue proliferation."
The appearance of the proliferating tissue was slightly different from the typical
crown galls formed after controlled inoculations with A. tumefaciens. Tissue
proliferations typically began just at, or below the soil line. Proliferating tissue
frequently appeared green, and actively expanding in our October observations.

Our preliminary conclusion is that tissue proliferation precedes damage by these
secondary pests such as borers and WAA.

ADDITIONAL REFERENCES

STOVER, E.W. and WALSH, C.S. 1993. Swollen crown syndrome in Mark apple
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WARNER, G. 1993. Once promising, Mark rootstock failing many. Goodfruit
Grower 44:(15) 21-24.
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Introduction:

Videos have become a way of life for the average American. Look around you and you
will see that most of the households in the United States already have VCR's. Good quality videos
are in demand from the general public as well as the fruit industry clientele. To meet this demand
for educating the consumer on fruit production, a video was produced in 1992-93 season by the
Penn State Cooperative Extension in Adams County, PA. The idea for the project came out of an
extension advisory board meeting, who saw a need for a project of this nature.

As a result of this production, many resources were tapped and developed to accomplish
the goal of a consumer educational video on fruit production. The purpose of this paper has been
to make known to other extension and research personnel the resources, techniques and equipment
to accomplish this task.

Materials and Methods:

Funding - Extension went to the Adams County Fruit Growers Association (ACFGA) Board of
Directors for support of this project. The video started as a $1500 production. After months of
discussion with people who produce videos, the production developed into an $8,000 project.
Extension presented a detailed budget for the production of the video to the ACFGA Board and
they eventually funded the entire video. Extension also contacted a number of other organizations
and companies to help fund the project. The Upper Adams Jaycees, Chemical Companies, and
other fruit industry organizations were willing to help fund the project. The ACFGA Board
decided to fund the entire project with no outside strings attached. After the production was
completed Penn State University College of Agricultural Sciences presented $4,500 to the ACFGA
Board to help with the production.

Script - The script was written by extension in approximately a 4 month period (March - June
1992). Adjustments were made to the script during the 12 month period of production. The
audience for the video was the general public or consumer. The prime audience was school age
children from 4th to 12th grade. The development of the script involved two parts, the video and
audio sections. A two column format was used with the video scenes iocated in the left column
a;xd the audio script to accompany the video scenes in the right hand column (Refer to script at end
of paper).

Video Production Companies - Bucher's Video/Sound Productions (1153 Biglerville Road,
Gettysburg, PA 17325. (717)334-0038. Owner: Jeff Bucher) was used to produce the video. He
provided cameras, microphones, and other equipment to shoot the different scenes. The music
was scored by Ed Horst, a friend of Jeff Buchers from Atlanta, Georgia.

Narrator - Wendal Woodbury from Woodbury Productions in Lancaster, PA. provided the
complete on-scene and off scene narration for the video. Wendall has a TV background who used
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to work with Channel 8 News, Lancaster, PA. Because of Wendall's television experience, he
also served as a consultant for directing the video.

Director/Coordinator - Extension served as the director/producer/coordinator for the video.
This involved lining up scenes and coordinating the entire script throughout the production.
Wendal Woodbury assisted in the direction of the video.

Editing Video - The editing took about 6 twelve-hour days to complete at Bucher's Video/Sound
Productions. Jeff Bucher, Wendall Woodbury and Bill Kleiner conducted the editing of the video.

Marketing of Video - The video is marketed by the ACFGA at a cost of $19.95. Marketing
flyers and labels were made by the ACFGA to send to all the school districts and other
organizations that might be interested. Articles were written by extension for the various trade

journals and newspapers. The video was also marketed by the ACFGA to local educational
channels.

Resulf 1 Di on:

The production resulted in a 27 minute video tape designed to educate the consumer on
apple production. An idea, which was born in extension's Fruit Advisory Board, became a reality.
The Adams County Fruit Growers Association supplied the $8,000 to complete the project. Penn
State University, after the project was completed, gave $4,500 toward the video production.

The average price to produce a good quality video is approximately $1,000/finished
minute. For example the video was 27 minutes long x $1,000/finished minute = $27,000 to
produce a typical video. This video only cost $8,000 to produce it due to a number of factors.
One of those factors was Jeff Bucher from Buchers Video/Sound Productions. He charged
$5,000 to shoot and edit the video. Buchers Video/Sound Productions is highly recommended for
the following reasons:

* Jeff was raised in Adams County and around the fruit industry, so he knows the fruit

people and industry to some degree.

* He presently has many orchard, processing company, and other fruit industry scenes that

would fit into any video related to fruit. Many of these scenes can be used in other videos

if permission is acquired by Knouse Foods Inc., Rice Fruit Co., Kimes Cider Mill,

ACFGA, and Jeff Bucher.

* Most importantly, if you have to get bids for a job, Bucher's will probably be the most

reasonable bid at $995/day for shooting and editing or you can work out a packaged deal

for $5,000/video depending on the time factor. He does travel to other States to produce
videos, so there might be some travel expense costs.

. J:,lff has an up-to-date video production business which adds allot of flexibility and quality

to the video.

The average price for a narrator was approximately $200 - $300/finished minute for a typical
video. Another words, the 27 minute video would have cost $5,400 (27 minutes x $200 =
$5,400). Wendal Woodbury from Woodbury Productions in Lancaster, PA. provided the
complete on-scene and off scene narration for the video. Wendall cost approximately
$110/finished minute. Wendall worked out to be about $250/day. Wendall had a lot of good
qualities that helped this video to be produced. He had 30 years of television experience, a witty
personality to keep things interesting and a nice deep, clear voice.
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The script was probably the most difficult to do beside the editing of the video. Even
though the video was written in approximately a 4 month period (March - June 1992), there were
many adjustments made to the script during the 12 month period of production. The audience has
to be defined in order to accomplish the goal of the video. The prime audience was school age
children from 4th to 12th grade. The development of the script involved two parts, the video and
audio sections. A two column format was used with the video scenes located in the left column
and the audio script to accompany the video scenes in the right hand column. The more organized
the script was with the video scenes the less expensive the video will be to produce. A well
produced video needs a well organized script with the video scenes and an organized
director/producer to get the job done.

The editing of the video is probably the most tedious and nerve-racking part of the entire
production. Jeff Bucher, Wendall Woodbury and Bill Kleiner edited the video in 6 twelve hour
days. Finishing touches were done by Jeff Bucher.

After the video was edited, a copy was sent to Ed Horst in Atlanta, Georgia. Ed, a native
of Biglerville, PA and friend of many of the fruit growers, scored the music to the tape. He
volunteered his time to the ACFGA to put the music to the scenes in the video. Ed has his own
company who does background music for many TV shows such as the 1992 Olympics, Ted
Turners CNN broadcast, various commercials, and the new TV show called In The Heat of the
Night starring Carrol O'Conner. He is willing to work with anyone in the production of videos.
Costs of his service are unknown at this time, but could be found out by calling his business in
Atlanta.

When a video is completed, another area that one must consider is the marketing of the
video. Now some Universities have a good video marketing system in place, but for those who
don't, many other avenues can be researched. This video was marketed by the ACFGA at a cost
of $19.95.  Marketing flyers and labels were made by the ACFGA to send to all the school districts
and other organizations that might be interested. Articles were written by extension for the various
trade journals and newspapers. The video was also marketed by the ACFGA 1o local educational
channels.

One thing to consider is who will actually own the video. This production is owned by the
ACFGA and the Penn State University. The selling of the video is done by the ACFGA at
$19.95/copy and the video is not copyrighted. If you are going to produce a video, make sure you
receive the funding directly to you, and handle the expenses through a special fund. If you ever
want to copyright the video, only one name can go onto the copyright.

Video Productions can be a valuable educational tool for extension and research. They can
be used to educate the public on your research station, show your research or extension program to
the fruit growers for a winter meeting, and many other ways. All of us in extension and research
should be taking advantage of this technology to get our message out to the growers and general
public. After all the majority of the people in the United States will have VCR's in their homes by
the year 2,000.

For more information on ordering the "All American Apple" video, please contact the
Adams County Fruit Growers Association at 717-677-7444 or write to the Adams County Fruit
Growers Association, 33 Musselman Avenue, P.O. Box 515, Biglerville, PA 17307. The All
American Apple Video cost $19.95 each plus $2.50 for shipping and handling.
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Video Scene

The All American Apple
by William C. Kleiner

Audio

P S O 1}

L, Apgle - Montage - Tight
shot of apple opening to an
orchard scene with Wendall

init.

T1-56:50

Music

2. T1-51:15 An orchard
scene during harvest with
Wendall looking over
apples on trees

T1-56:12 (T1 56:04)

Did you ever wonder how these beautiful jurcy apples are grown and.
where they come from?

Apples are one of the most popular, flavorful and healthful fruits in the
world. Three-fourth's of America's population, both young and old,
name apples as one of their favorite fruits for snacking.

NAT Sound -T2-1:24:10

3. T1-58:25 AppIe growing is an important industry in the United States.

‘Map of US The state of Washington ranks first in the number of bushels grown,
followed by New York, Michigan, California, Pennsylvania and various
other states,

4. Map of world Worlawide, the United States ranks second to Russia in apple production

3. Scenc with young mees | Lhe frst U.S. apple tees were planted by the pilgnms in the
~jin field Massachusetts Bay Colony. .
{8 T3T2537 Apple Queen | Apple Quecn reading boak - NALS
reading book on Johnny
Appleseed -
In the early 1800s John Chapman, better known as Johnny Appleseed,
Johnny Appleseed - scene traveled across the Ohio Valley carrying bags of apple seeds while
with him 1n orchard accomplishing his missionary duties.

Johnny was borm,....

7. Scene with newly
planted trees.

As he ventured westward, he planted seeds wherever he roamed to ensure
that settlers living in the western frontier would have nutritious apples to
eat.

8. Kimes Cider mill scene

Pennsylvania to get more from a cider mill.

When his supply ran out, he would make the long journey back to western
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APPLE (Malus domestica 'Golden Delicious’) K. S. Yoder, A. E. Cochran II,
Scab; Venturia inaequalis W. S. Royston and S. W. Kilmer
Powdery mildew; Podosphaera leucotricha Virginia Agricultural Experiment Station - Winchester
Sooty blotch: Gloeodes pomigena Virginia Polytechnic Institute and State University
Fly speck; Zvgophiala jamaicensis 2500 Valley Avenue
Rots Winchester, VA 22601
Fruit finish

DISEASE CONTROL BY CONCENTRATE APPLICATIONS OF EXPERIMENTAL AND REGISTERED
FUNGICIDES ON GOLDEN DELICIOUS APPLE, 1993: Experimental and registered compounds and
mixtures were compared for disease control and fruit finish effects on 21-yr-old trees at the VPI and SU
Research Farm near Winchester, VA. The test was conducted in a randomized block design with four single-
tree replicates separated by border trees in the row and by untreated border rows between treatment rows. Tree-
row-volume was determined to require a 400 gal/A dilute base for adequate spray coverage. Treatments were
applied to both sides of the tree on each application date with a Swanson Model DA-400 airblast sprayer at 100
gal/A as follows: 24 Apr (TC, tight cluster), 6 May (BI, bloom to petal fall); 1st through 5th covers (1C-5C),
respectively: 20 May, 7 Jun, 22 Jun, 8 Jul and 29 Jul. Other applications applied to the entire test block with
the same equipment included Ambush 2E, Dipel 2X, Agrimycin 17, Sevin XLR + NAA 800, Guthion 3F +
Lannate L, and Penncap-M + Lannate L. Calcium chloride 6 1b/A was included with the last five insecticide
applications 2 Jun, 17 Jun, 8 Jul, 29 Jul and 19 Aug. Cedar-apple rust galls, bramble canes infected with sooty
blotch and fly speck fungi, and bitter rot mummies were placed in baskets over each test tree. Foliar data
represent averages of counts of all leaves on 10 terminal shoots from each of four replicate trees 20-26 Jul. A
25-fruit sample from each replicate tree was harvested 22 Sep and rated after 4 wks storage at 2C.

The first treatments were applied 2 wks after the first light infection period. The second application
was one day after the first possible secondary infection period. Scab infection was light on foliage and
moderate on fruit. All treatments gave significant control. Scab control by fluazinam on foliage was somewhat
weak and erratic, possibly related to the degree of bud development under heavy inoculum during the earliest
infection period. Treatments involving RH-7592 and Nova gave excellent control of scab and powdery mildew
under moderate mildew pressure. All treatments significantly reduced mildew infections. In formulation
comparisons, Ziram 76 gave significantly stronger mildew control than Ziram Granuflo, but had a significantly
higher incidence of fly speck. No significant differences were detected between the two captan formulations
when tested alone, but at lower rates in combination with Nova (through 2C) and Topsin-M (3C-5C), Captan
S0W had fewer fruit infected with sooty blotch than Captan 75 WDG at equivalent active rates. The
combination of captan + ziram was also weaker for sooty blotch control but was significantly improved by the
addition of Nu-Film-17. Fluazinam gave good control of fruit rots and fair control of scoty blotch and fly
speck at the higher rate, but weakened significantly on sooty blotch at the lower rate. Overall, the treatment
involving Nova-Dithane DF through second cover followed by Captan S0W, third through fifth covers, resulted
in excellent summer disease control and fruit finish. RH-7592 75W also gave excellent control of sooty blotch,
fly speck and rots. Although there were significant differences in fruit russet between some treatments, none
caused a significant increase in russet compared to the untreated check and there were no significant
formulation differences in russet ratings between the two formulations of ziram, captan or RH-7592.



Table 1. Disease control by concentrate applications of experimental and registered fungicides on Golden Delicious apple

¢ —— 19poi

Mildew infection Sooty blotch Fly Fruit Russet

Scab incidence (%) % of % leaf % % speck rots rating
Treatment and rate/A Timing leaves fruit leaves area fruit area (%) (%) (0-5)*
No fungicide......covermecimeerissrerrnnemrnsssssssessessnsnsssese - 27.1c 53b 319¢g 148e 100 e 318¢c 97e 31b 3.0c
RH 7592 75W 2 oz + Latron B-1956 4 fl oz............... TC-5C O0a Oa 7.9 abc 1.8 ab O0a Oa O0a Oa 2.5bc
RH 7592 2F 6 fl oz + Latron B-1956 4 fl oz............... TC-5C 02a Oa 52ab L.la 10a 12a 6ab 0a 1.9 abe
Fluazinam 500 6.4 fl 0Z.......cccccomnecrinrsssssessrseerennanannas TC-5C 1.6 ab la 146cde 2.8abc 56d 63b 50d 3a 29¢
Fluazinam 500 12.8 fl oz................ TC-5C 7.7b %9a 219ef 49cd 17abc  0.8a 30 ad 6a 2.3 abc
TD 23232 752W6 1b vemseemeasarsssnsnsaseararas TC-5C 49ab 9a 20.0def 4.3 bed 3a 0.1a 4 ab Oa 2.0 abc
Captan 50W 6 b reermeeseasaersas TC-5C 16ab 2a 19.3def 4.2bcd Ja 0.1a 4 ab la 1.5ab
Captan 7SWDG 4 Ib “ TC-5C 3.1ab 7a 238f 63d Oa Oa 3ab O0a 13a
Nova 40W 5 oz + Captan 50W 3 Ib .....ceccrvvneenenncas TC-2C O0a Oa 23a 05a 12 ab 0.7a 12 abc Oa 1.5ab
Topsin-M 85WDG 8 oz + Captan 50W 3 1b 3C-5C
Nova 40W 5 oz + Captan 75WDG 2 b ......creeanenee TC-2C 02a 2a L.la 04a 42 cd 4.4 ab 33 bed O0a 2.1abc
Topsin-M 85WDG 8 oz + Captan 75WDG 2 1b
Ziram 76 6 1b. .- TC-5C 1.7ab 7a 6.0 ab 13a 39bcd 39ab 39cd 2a 1.8 abc
Ziram Granuflo 76DF 6 Ib...........cccviivunnnnnrnnineccn TC-5C 68ab 9a 222ef 4.4 bed 26abc  2.0ab 24 abc la 1.6 ab
Nova 40W 5 oz TC
Nova 40W 3.5 oz + Dithane 75DF 3 Ib.........ccccoueennn BI-2C 03a la 16a 07a la 0la Oa Oa 1.2a
Captan 50W 6 Ib 3C-5C
Captan 50W 3 1b + Ziram 76 3 Ib TC-5C 1.2ab 2a 90bcd 1.8ab 55d 5.0ab 50d 2a 1.9 abc
Captan 50W 3 Ib + Ziram 76 3 Ib + Nu-Film-17 1 pt TC-5C 2.8ab 12a 125abc  29abc 26abc  42ab 28 a-d 0a 2.2 abc

Counts of leaves on 10 terminal shoots from each of four single-tree replicates 20-26 Jul.
Mean separation by Duncan's Multiple Range Test (p = 0.05).
*Rated on a scale of 0-5 (0 = perfect finish; 5 = severe russet).
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APPLE (Malus domestica 'Stayman Winesap, K. S. Yoder, A. E. Cochran I,
'Idared’, 'GingerGold') W. S. .Royston and S. W. Kilmer
Scab; Venturia inaequalis Virginia Agricultural Experiment Station - Winchester
_Powdery mildew; Podosphaera leucotricha Virginia Polytechnic Institute and State University
Sooty blotch; Gloeodes pomigena 2500 Valley Avenue
Fly speck; Zygophiala jamaicensis Winchester, VA 22601
Brooks spot; Mycosphaerella pomi
Fruit finish

DISEASE CONTROL BY STEROL-INHIBITING AND PROTECTANT FUNGICIDES ON STAYMAN,
IDARED AND GINGERGOLD APPLES, 1993: Twelve combination fungicide schedules were compared on
seven-yr-old trees in a test conducted in a randomized block design with four three-cultivar replicate tree sets
separated by untreated border rows. Treatment rows had not been treated with fungicides in 1992 to encourage
heavy mildew inoculum pressure. Tree-row-volume was determined to require a 400 gal/A dilute base for
adequate coverage. Treatments were applied at 100 gallons per acre from both sides of the tree on each
application date with a Swanson Model DA-400 sprayer as follows: 20 Apr (tight cluster); 29 Apr (pink-
bloom); 10 May (petal fall); 21 May (Ist cover); 7 Jun (2nd cover). All treatment trees except "no fungicide"
covered with Ziram 76 6 Ib/A 22 Jun, 7 Jul, 23 Jul and 19 Aug (3C-6C, 3rd-6th covers). Insecticides applied
separately to the entire test block with the same equipment included: Ambush 2E, Dipel 2X, Sevin XLR,
Guthion 3F, Lannate L, and Penncap-M. Calcium chloride 6 Ib/A was included with the last five insecticide
sprays 2 Jun, 17 Jun, 6 Jul, 23 Jul and 19 Aug. Wild blackberry canes infected with sooty blotch and fly speck
fungi and bitter rot mummies were placed in baskets over the Stayman tree of each three-cultivar tree set.
Foliar data represent averages of counts of all leaves on 10 terminal shoots from each of four replicates 12-19
Jul (Stayman), 14 Jul (Idared) or 27 Jul (GingerGold). A 25-fruit sample from each Stayman and Idared
replicate tree was harvested 23 Sep and rated after 4 wks storage at 2C. GingerGold fruit were not harvested or
evaluated due to small sample size.

The first fungicide application was delayed until 11 days after the first scab infection period. The second set of
treatments was applied 6 days before the first possible secondary infection period. Scab incidence on foliage
was light on Idared and moderate on Stayman and GingerGold. Under light to moderate scab pressure Rubigan
9 ] oz + Dithane DF or Polyram, Nova 4.5 0z and Nova 4.5 oz + Polyram 3 Ib all gave good control of scab on
foliage and the only significantly weaker treatments were the lowest rates of PCC 520. A stronger scab control
test was evident on fruit, particularly on Idared where Rubigan 9 fl oz gave significantly weaker control than
Nova 4.5 oz and the lowest rate of Rubigan + Polyram was significantly weaker than the low rate of Nova +
Polyram. The addition of Polyram to Rubigan 9 fl oz significantly improved fruit scab control. Powdery
mildew pressure was high on foliage of all three cultivars. Nova 4.5 oz gave significantly better mildew
control than Rubigan 9 fl oz and PCC 520 (all rates) on Idared and GingerGold. Russet presumed to be caused
by mildew was moderate on untreated Idared fruit and was significantly reduced by all treatments. Incidence of
the summer diseases sooty blotch, fly speck, and Brooks spot also reached moderate levels by late season. With
all treatments covered by ziram after 22 Jun, the only observed treatment differences were with Brooks spot on
Idared where addition of Polyram to Nova 4.5 oz significantly improved control compared to Nova alone and a
significant weakness by the lowest rate of Rubigan + Polyram was evident. All treatments gave significant
control of Brooks spot compared to the untreated check. No treatment caused a significant, deleterious fruit
finish effect compared to the untreated check.
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Table 2. Control of scab and powdery mildew by sterol-inhibiting and protectant fungicides

Scab incidence (%) Powdery mildew infection
Ginger Stayman Idared GingerGold

Treatment and rate/A Stayman Idared Gold % % leaf % % % % % leaf
through 2nd cover* leaves  fruit leaves  fruit leaves leaves  area leaves area fruit leaves area
No fungicide 283d S50b 124b 60d 430c 609f 7850 64.4h 90.3d 29b 634h 86.5
Rubigan 1E 9 fl oz + Dithane 75DF 3 Ib 06a 4a 0.la 8abc 0.6a 14.8¢ 35a 16.9 cd 52ab 4a 16.3b 45
Nova 40W 4.5 oz + Polyram 80DF 3 Ib 0.l1a Oa 00a 3a 05a 39ab 12a 9.0 ab 29ab 2a 8.7a 26
Nova 40W 1.13 oz + Polyram 80DF 12 oz 25ab 1la 05a 5ab 30a 80ab 19a 13.0bc 3.6ab 5a 12.7a 34
Rubigan IE 9 fl oz + Polyram 80DF 3 Ib 05a 2a 0.la 3a 1.82a 114bc 22a 15.3 bed 3.6ab Sa 17.3b 4.8
Rubigan 1E 4.5 fl oz + Polyram 80DF 1.5 Ib 38ab 3a 03a 10abc 4.0a 137¢ 33a 22.9 def 6.3 ab 0a 26.1d 8.6
Rubigan IE 2.25 f] oz + Polyram 80DF 12 oz 3.0ab 9a 08a 18c 6.7 ab 262e 62a 25.0 efg 109b 9a 309g 11.6
Rubigan IE9 fl oz 39ab 10a 06a 19c 31a 96ab 22a 19.4 cde 5.0ab 6a 16.4b 55
Nova 40W 4.5 oz 00a Oa 00a 4ab 0.7a l4a 04a 28a I.0a 3a 52a 1.5
Polyram 80DF 3 Ib 37ab 4a 08a 12abc 6.1ab 13.8¢c 33a 25.5efg 5.5ab 7a 266¢ 9.2
PCC52070.5W3.51b 23ab 5a 02a 4ab 6.4 ab 95ab 25a 19.5 cde 5.5ab 4a 208¢c 6.1
PCC 520 70.5W 1.75 Ib 59b 7a 1.3a 16bc 46a 166cd 4.5a 3l4g 18.5¢ %9a 29.5fF 16.0
PCC 520 70.5W 14 oz 10.7¢ 8a 02a 9abc 119b 242de 54a 298 fg 9.5b 7a 284 f 13.8

Averages of leaves from 10 terminal shoots 12-19 Jul (Stayman), 14 Jul (Idared), 27 Jul (GingerGold) or 25 fruit from each of four replicate trees 20 Oct (Stayman), 21 Oct (Idared).
Mean separation by Duncan’s Multiple Range Test (p = 0.05).
* All treatments except "no fungicide" covered with Ziram 76 6 Ib/A 22 Jun, 7 Jul, 23 Jul and 19 Aug.
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Table 3. Summer diseases and fruit finish following SI-protectant fungicide schedules
Fruit disease incidence (%) Fruit finish rating (0-5)*

Treatment and rate/A through 2nd cover sooty blotch fly speck Brooks spot russet opalescence
and 3rd-6th cover Stayman  ldared Stayman Idared Stayman Idared Stayman Idared Stayman Idared
No fungicide .....cccococreeee.ee 52b 52b 47b 49b 8b 26d 1.5a 1.3a 15a 1.6 ab
Rubigan 1E 9 fl oz + Dithane 75DF 3 1b

Ziram 76 6 1b 3C-6C......ccccvvecncriarisaernnns 4a 3a 8a 4a O0a Oa 15a 15a 15a 13a
Nova 40W 4.5 oz + Polyram 80DF 3 Ib

Ziram 76 6 1b 3C-6C.........oocerrieriranne 2a la 9a la Oa Oa 1.7a 16a 1.7a 1.5ab
Nova 40W 1.13 oz + Polyram 80DF 12 oz

Ziram 76 6 1b 3C-6C......oooeerecrcicrnnennnn 4a S5a 17a 5a O0a 2ab 22a 13a 20a 1.8 ab
Rubigan 1E 9 fl oz + Polyram 80DF 3 Ib

Ziram 76 6 Ib 3C-6C......ccconveniernerenes 4a Oa 9a 10a 0a 0a 1.7a 1.5a 19a 1.6 ab
Rubigan 1E 4.5 fl oz + Polyram 80DF 1.5 Ib

Ziram 76 6 1b 3C-6C.. Ta 9a 9a 15a O0a O0a 1.7a 1.0a 1.7a 1.4 ab
Rubigan 1E 2.25 fl oz + Polyram 80DF 12 oz

Ziram 76 6 1b 3C-6C.....oorecreceecrccrrannens 4a 4a 10a 6a O0a ¢ 13a 15a 18a 190
Rubigan 1E § fl oz

Ziram 76 6 1b 3C-6C.........oorcrrcrriirianes 6a 6a 2la 7a O0a 6abc 16a 15a 19a 13a
Nova 40W 4.5 oz

Ziram 76 6 Ib 3C-6C.....ccoveerreccracrcamcens 4a 5a 9a 10a O0a 9bc 16a 1.6a 20a 1.7 ab
Polyram 80DF 3 1b

Ziram 76 6 Ib 3C-6C.......cocevrenrrnvrnnrrnene 6a 4a 5a 7a la 1ab 1.6a 15a 15a 1.8 ab
PCC 52070.5W351b

Ziram 76 6 1b 3C-6C.....coneececeecrnerennne 5a 3a 14a 5a Oa Oa 15a 15a 1.7a 20b
PCC 520 70.5W 1.75 b

Ziram 76 6 [b 3C-6C......coerveccrmrrecrcineas 5a 3a 8a 8a 0a S5abc 1.7a 16a 20a 1.8 ab
PCC 520 70.5W 14 0z

Ziram 76 6 Ib 3C-6C..........oevrvrirecrenernnces 9a 9a 12a 15a la 7abc 2la 14a 22a 1.6 ab

Averages of 25 fruit from each of four replicate trees 20 Oct (Stayman) and 21 Oct (Idared).
Mean separation by Duncan's Multiple Range Test (p = 0.05).
*Rated on a scale of 0-5 excluding presumed mildew russet (0 = perfect finish; 5 = severe russet or opalescence).
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APPLE (Malus domestica 'Nittany') K. S. Yoder, A. E. Cochran II, W. S. Royston
Scab; Venturia inaequalis and S. W. Kilmer
Powdery mildew; Podosphacra leucotricha Virginia Agricultural Experiment Station - Winchester
Fruit finish Virginia Polytechnic Institute and State University
2500 Valley Avenue

Winchester, VA 22601

EARLY SEASON DISEASE CONTROL AND FRUIT FINISH EFFECTS BY COPPER FORMULATIONS
ON NITTANY APPLE, 1993: Seven copper formulations were compared for early season disease control and
fruit finish effects when applied at 1/2" green stage and twice during bloom applications. Rates of six formulations
(indicated by asterisk below) were calculated to deliver 25.2 oz per acre of metallic copper in the 1/2" green
application 15 Apr and 3.2 oz of copper per acre in applications 30 Apr (early bloom), and 7 May (late bloom). The
test was conducted in a randomized block design with four single-tree replicates with border rows between test
rows. Tree-row-volume was determined to require a 400 gal/A dilute base for adequate spray coverage. Treatments
were applied to both sides of the tree on each application date with a Swanson Model DA-400 airblast sprayer at
100 gal/A. No other fungicides were applied until mid-summer when Ziram 76 6 1b/A was applied to all treatment
trees (not the untreated trees) 7 Jul, 22 Jul and 19 Aug. Insecticides, applied separately to the entire test block with
the same equipment with indicated rates/A included Ambush 2E 12 fl oz + oil 6 gal/A (9 Apr); Dipel 2X 16 0z (3
May); Sevin XLR 2.8 pt + NAA 1 fl oz + Tween 20 8 fl oz (as thinner 14 May); Guthion 3F 1.5 pt + Lannate L15
pt (21 May, 2 Jun, and 17 Jun); Guthion 3F 1.5 pt + Lannate L 3 pt (6 Jul); Penncap-M 2.5 pt + Lannate L 3 pt (22
Jul and 19 Aug). Calcium chloride 6 Ib/A was included in the last five insecticide sprays. Fruit were harvested 13
Sep and rated 21 Sep.

The first ten terminal leaves (1-10) were rated separately as an indicator of fungicidal activity before the first
secondary scab infection period. Compared to untreated trees, equivalent copper rates of the registered formulations
gave significant (p = 0.05) control of scab on foliage and all of the copper treatments, supplemented by the three
late-season ziram applications, gave significant control of scab on fruit. Kocide, Copper Count-N, Champ, Tenn-
Cop and Tenn-Cop + Nu-Film-17 reduced early season incidence of powdery mildew on terminal leaves 1-10.
Tenn-Cop + Nu-Film-17 significantly reduced mildew incidence in overall terminal shoot ratings. Basicop, Copper
Count-N, Champ, Tenn-Cop and Tenn-Cop + Nu-Film-17 significantly reduced the percent area affected by
mildew. The only treatments which did not significantly increase either the percent of fruit with russet or the mean
percent fruit area russetted were COCS and the reduced copper rate of GX-306.
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Table 4. Early season disease control and fruit finish effects by copper formulations on Nittany apple

Scab (%) Mildew, % lvs inf Russet
30 Apr& terminal  all terminal  all Mildew % %
15 Apr 7 May leaves terminal leaves terminal % area of fruit
Treatment* (12"G) (Bloom period) 1-10 leaves fruit 1-10 leaves infected fruit area
No fungicide - - 838b 8.7b 20b 95b 112b 26b 13a 04a
*Kocide 40DF 63.0 0z 790z 10a I.la la 33a 58ab 1.5ab 40 a-d 5.9 bed
*Basicop S3W 472 0z 590z 23a 24a Ja 28ab 4.4 ab 1.1a 44 bed 4.6 bc
GX-306 35% 63.0 0z 790z 45ab 6.0 ab 6a 7.8 ab 9.0ab 2.0ab 56 bed 7.6 cde
GX-306 35% 4720z 590z 38ab 4.0ab Ja 6.8 ab 8.5ab 1.8 ab 32 abc 25ab
*COCS 50WDG 50.4 oz 63 0z 23a 1.8a Ja 53ab 7.7ab  2.1ab 28 ab 3.0ab
*Copper Count-N 2.0 gal 1.0qt 1.0a 10a 2a 28a 5.1ab l.1a 53 bed 6.2bcd
*Champ 2.3F 1340floz 16.8floz 03a 06a 1a 33a 5.8ab 13a 64d 8.3 de
Champ 2.3F 67.0floz 8.4floz 28a 43 ab Ja 28a 49ab 1.2a 56 cd 10.7¢
*Tenn-Cop 5E 394.0floz 493 floz 3.0a 26a la 3.0a 4.6 ab 12a 47 bed 6.0 be
*Tenn-Cop 5E + 3940floz 493 floz+ 23a 33a 4a 35a 37a 09a 40 a-d 4.9 bed

Nu-film-17 +16.0floz 16.0floz

Averages of leaves on ten shoots (29-30 Jun) or 25 fruit (21 Sep) from each of four replicate trees.

Mean separation by Duncan's Multiple Range Test (p = 0.05).

*Rates of treatments marked by an asterisk were calculated to deliver 25.2 oz active Cu per acre at 1/2" green (15 Apr) and 3.2 oz in
applications at early bloom (30 Apr) and late bloom (7 May). Ziram 76 6 Ib/A applied to all reatment trees (not the untreated trees)
7 Jul, 22 Jul and 19 Aug.
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APPLE (Malus domestica 'Rome Beauty’, K. S. Yoder, A. E. Cochran II, W. S. Royston,
‘Golden Delicious') S. W. Kilmer
Fireblight; Erwinia amvlovora Virginia Agricultural Experiment Station - Winchester
Fruit finish Virginia Polytechnic Institute and State University
2500 Valley Avenue
Winchester, VA 22601

EFFECTS OF PRE-INOCULATION OR POST-INOCULATION TREATMENTS ON FIREBLIGHT SHOOT
INFECTION ON TWO APPLE CULTIVARS, 1993: Seven treatments involving streptomycin or Tenn-Cop
in combination with adjuvants were tested for effectiveness when applied as protectants one day before shoot
inoculation or as one-day post-inoculation treatments. Treatments were applied to pairs of adjacent 21-yr-old
trees of each cultivar in four randomized blocks. Initial treatments were applied at blcom (4 May) with a
Swanson Model DA-400 airblast sprayer at 100 gal/A. The indicated pink treatment was applied 30 Apr.
Attempted inoculation by spraying 1 X 10* E, amylovora cells/ml into 10 Rome blossom clusters per tree

5 May failed to produce any infection. Repeat treatments indicated for 1 Jun were applied dilute to the point of
runoff with a single nozzle handgun at 200 psi. On 31 May and 2 Jun 10 actively growing shoots per tree were
inoculated into the last leaf node at the shoot tip with a No. 25 hypodermic syringe and one droplet of a
bacterial suspension of 1 X 108 celis/ml. Shoot infections were assessed 15-16 Jun (Rome) and 16 Jun (Golden
Delicious) and all inoculated shoots were removed. Treatments were repeated 17 Jun to test their effect on
secondary blight spread but only a few additional strikes were observed. Fruit finish was based on a 25-fruit
harvest sample from each test tree.

Generally, pre-inoculation treatments more effectively reduced the percent shoots infected and mean canker
length on both cultivars. Under more severe pressure on Rome, all pre-inoculation treatments involving Agri-
mycin significantly reduced % infection, with Agri-mycin 8 oz + Regulaid being the most effective. Post-
inoculation treatments were comparatively less effective. Only Agri-mycin 8 oz significantly reduced percent
infection. When all inoculated Rome shoots were considered, the addition of LI-700 or Regulaid to Agri-mycin
4 oz significantly reduced mean canker length compared to Agri-mycin 4 oz alone. Considering only infected
Rome shoots, no treatments significantly reduced mean canker length. Tenn-Cop treatments initially included
to observe their effect on blossom infection, did not have a significant effect on percent Rome shoots infected
or mean canker length. Shoot blight infection was lower on Golden Delicious and all pre-inoculation
treatments, including Tenn-Cop, gave significant control. Post-inoculation treatments of Agri-mycin 8 oz,
Agri-mycin 8 oz + Regulaid and Agri-mycin 4 oz + LI-700 significantly reduced percent Golden Delicious
shoots infected. When considering infected shoots only, no treatments significantly reduced mean canker
length. When all inoculated shoots were considered, mean canker length was reduced by all pre-inoculation
treatments and by post-inoculation treatments of Agri-mycin 8 oz, Agri-mycin 8 oz + Regulaid and Agri-mycin
4 0z + L1-700. Compared to untreated fruit, USDA fruit finish grade was significantly reduced by Agri-mycin
8 oz and Agri-mycin 4 oz + LI-700 on Rome. Some powdery mildew was present on the Rome trees and may
have interfered with fruit finish assessment.
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Table 5. Effect of pre-inoculation or post-inoculation treatments on fireblight shoot infection on Rome Beauty apple
Mean canker length (cm), Mean canker length (cm), Fruit russet**
Dilute % shoots infected infected shoots only all inoculated shoots % Extra

Bloom treatment/A rate/100 gal pre-inoc post-inoc pre-inoc post-inoc pre-inoc post-inoc Fancy and %
(4 May) (1 Jun)* treatment  treatment treatment treatment treatment treatment Fancy Utility
No treatment No treatment 944d 969 b 16.5a 224a 156¢ 21.7a 93a 2a
Agri-Mycin 17 16 oz Agri-Mycin 17 8 oz 550ab 782 a 144 a 204a 7.9 ab 163 a 66¢c 13b
Agri-Mycin 17 8 0z Agri-Mycin 17 4 oz 77.6 be 88.8 ab 144 a 202a 11.2bc 18.0a 85 abc 6 ab
Agri-Mycin 17 8 oz + Agri-Mycin 4 oz + 65.9 ab 81.1ab 13.6a 180a 65a 154a 80 abc 6 ab
Regulaid 1 pt Regulaid 1 pt
Agri-Mycin 17 8 0z + Agri-Mycin 1740z+  56.9ab 86.0 ab 11.0a 18.2a 3.7a 154a 71 be 6 ab
L1-700 1 pt LI-700 1 pt
Tenn-Cop SE 3 pt Tenn-Cop 5E 12 fl oz 939d 92.6 ab 138a 20.5a 129¢ 185a 86 ab 2a
Tenn-Cop SE3 pt + Tenn-Cop SE 12 floz+ 89.7 cd 95.0ab 13.6a 195a 12.2be 18.6a 87 ab 2a
Nu-Film-17 1 pt Nu-Film-17 4 floz
Agri-Mycin 17 16 oz Agri-Mycin 1780z+  468a 87.5ab 142a 200a 6.6a 17.6a 88 ab 2a

(pink)

Regulaid 1 pt

Based on ten shoots on each of four replicate trees for both inoculation dates.
Mean separation of Duncan's Multiple Range Test (p = 0.05).
* Applied before or after shoot inoculations 31 May and 2 Jun.

** Percentage of fruit in indicated USDA grades after down-grading by russet.
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Table 6. Effect of pre-inoculation or post-inoculation treatments on fireblight shoot infection on Golden Delicious apple

Mean canker length (cm), Mean canker length (cm), Fruit russet*
% shoots infected infected shoots only all inoculated shoots % Extra
Bloom treatment/A Rate/100 gal pre-inoc post-inoc pre-inoc post-inoc pre-inoc post-inoc Fancy and %
(4 May) (1 Jun) treatment  treatment treatment treatment treatment treatment Fancy Utility
No treatment No treatment 5490 629d 239a 258 a 129b 16.2b 66 ab 4a
Agri-Mycin 17 16 0z Agri-Mycin 17 8 0z 125a 29.2 abc 194a 238a 32a 6.7a 79 ab 2a
Agri-Mycin 17 8 0z Agri-Mycin 174 0z 15.0a 38.9a-d 100a 27.1a 3.1a 10.5 ab 82a Ja
Agri-Mycin 17 8 0z + Agri-Mycin 4 oz + 8.1a 41.7 bed 11.5a 236a 12a 10.4 ab 62 ab 10a
Regulaid 1 pt Regulaid | pt
Agri-Mycin 17 8 0z + Agri-Mycin 174 oz + 50a 239ab 115a 155a 12a 45a 61 ab 6a
LI-700 1 pt LI-700 1 pt
Tenn-Cop SE 3 pt Tenn-Cop SE 12 floz 3062 50.3 cd 228a 215a 6.7a 109 ab 44 ab 16a
Tenn-Cop SE3 pt + Tenn-Cop SE 12 floz + 25.0a 41.9 bed 164a 253a 59a 10.7 ab 33b 16a
Nu-Film-17 1 pt Nu-Film-17 4 fl oz
Agri-Mycin 17 16 0z Apgri-Mycin 17 8 0z + 125a 14.0a 10.6a 218a 28a 42a 61 ab 8a
(pink) Regulaid | pt
Based on ten shoots on each of four replicate trees for both inoculation dates.
Mean separation of Duncan's Multiple Range Test (p = 0.05).
* Applied before or after shoot inoculations 31 May and 2 Jun.
** Percentage of fruit in indicated USDA grades after down-grading by russet.
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APPLE (Malus domestica 'Golden Delicious') K. S. Yoder, A. E. Cochran II,
Blue mold; Penicillium expansum. W. S. Royston, and S. W. Kilmer
Bitter rot; Colletotrichum spp. Virginia Agricultural Experiment Station - Winchester
Virginia Polytechnic Institute and State University
2500 Valley Avenue

Winchester, VA 22601

POSTHARVEST TREATMENTS FOR CONTROL OF PENICILLIUM BLUE MOLD AND LATENT
BITTER ROT, 1992-93: Fruit grown under a commercial spray schedule with captan as the fungicide were
picked 29 Sep and stored in bins 12 wk in a commercial cold storage. Fruit indicated as chlorine pre-treatment
(chlor pre-trt) were then dipped 60 sec in 200 ppm sedium hypochlorite and rinsed with clean tap water the day
before fungicide treatments were applied. Fruit were selected for uniform size, firmness, and maturity and
randomized into four replicates for each treatment. Each fruit was uniformly wounded in three locations by
piercing the skin with a 4 mm-diam nail point to a depth of 5 mm. Individual replicates of 25 fruit were dipped
30 sec in the fungicide treatment, placed on fiber trays with the wounded surface up following treatment and
allowed to dry. All trays were then bagged in polyethylene bags. Sets of fruit were inoculated by atomizing a
suspension containing 20,000 benzimidazole-sensitive P, expansum conidia/ml onto the treated, dried, wounded
surface. Fruit were then returned to the commercial storage (1 C) for 43 days, removed from cold storage and
evaluated after six and nine days at 19 C. Test fruit were not specifically inoculated with the bitter rot fungus
but mummified fruit were present in the trees from which test fruit were harvested. No bitter rot was evident on
the fruit selected for the test following the initial 12-wk cold storage period.

Inoculation increased the blue mold incidence on untreated fruit and fruit treated with weaker
treatments. Incidence also increased with extended incubation. On inoculated fruit, incidence was generally
greater on fungicide-treated fruit that had not been pre-treated with chlorine than on fruit that had been pre-
treated. However, inoculated fruit pre-treated with chlorine followed by the CaCl, treatment had significantly
more blue mold than those pre-treated with chlorine and the water control, an effect not observed on fruit which
were not pre-treated with chlorine. On inoculated fruit without chlorine pre-treatment all test treatments gave a
significant (p = 0.05) reduction in blue mold incidence compared to the water dip treatment. The most
consistently effective treatments were those involving Rovral and the combination of Mertect with Rovral or
with captan. Bitter rot began to appear after test fruit were removed from cold storage and incubated at 65 F for
rot assessment. The following treatments significantly inhibited the development of bitter rot after either the 6-
day or the 9-day 65 F incubation period whether fruit were pre-treated with chlorine or not: Aliette, Aliette +
Rovral, Rovral + Captan. The following treatments did not inhibit bitter rot development: Rovral, Mertect,
Mertect + Rovral.



Table 7. Control of Penicillium blue mold and latent bitter rot by postharvest treatments on Golden Delicious

Penicillium blue mold incidence (%)

Z1 -- 19poj

Bitter rot incidence (%) on non-
inoculated fruit after indicated incubation

Six days at 19C after cold storage Nine days at 19C after cold storage period afier cold storage

P. exp inoculated no inoculation P. exp inoculated no inoculation Six days at 19C Nine days at 19C
Treatrnent and rate Chlor. No Chlor. No Chlor. No Chlor.  No Chlor. No Chlor. No
per 100 gallons pre-trt pre-trt pre-trt  pre-trt pre-trt  pre-trt pre-trt  pre-trt pre-trt  pre-trt pre-tit  pre-trt
Water dip only 18 ¢ 45f 4a 8b 26 be 63e 5b 10b 21b 14 be 30cd 28b
Aliette 80W 5 1b 8ab 16 cd la Oa 18b 24 cd 3ab Oa 4a 3a 10abc 13a
Aliette 80W 5 1b + Oa 3ab Oa Oa 0a Ja O0a Oa 4a 3a 9 ab 14 ab
Rovral 4SC 1 pt
Rovral 4SC 1 pt Oa la la Oa Oa la 1 ab 0a 18ab  9abe 28bcd  19ab
Rovral 4SC 1 pt + la Oa Oa Oa la 0a 0a 0a 3a 5ab S5a 1la
Captan 50W 1 1b
Mertect 340F 1 pt + Oa Jab O0a Oa Oa 4ab Oa Ia l4ab  8abc 24ad 1la
Captan SOW 1 Ib
Mertect 340F 1 pt + 4a 6 abc Oa la 6a 15 abe Oa la 13 ab 16¢ 21ad 19ab
Rovral 4SC 1 pt
Mertect 340F 1 pt ODa 15 bed Oa 4 ab 3a 23 bed 1ab 16¢c 14 ab 14 be 31d 18 ab
Captan 50W 1 1b 15bc 5abc Oa la 24b 10 ab Oa la 4a 6ab 14a-d 16ab
Stopit 6 1.35 gal 23c 26 de Oa 4 ab 35¢ 35d 1ab S5a S5a 5ab 25a-d 14ab
CaCl, flake 2.15 Ib 35d 30e Oa 3ab 45d 40d Oa 3a 6 ab 5ab 15a-d 1la

Averages of four replications, 25 fruit/replication. Mean separation by Duncan's Multiple Range Test (p = 0.05).
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APPLE (Malus domestica) K.S. Yoder, R. E. Byers, A. E. Cochran II,
Cedar-apple rust; W. S. Royston, M. A. Stambaugh and S. W. Kilmer
Gymnosporangium juniperi-virginianae Virginia Agricultural Experiment Station - Winchester
Powdery mildew; Podosphaera leucotricha Virginia Polytechnic Institute and State University
2500 Valley Avenue

Winchester, VA 22601

SUSCEPTIBILITY OF SCAB-RESISTANT APPLE CULTIVARS TO CEDAR-APPLE RUST AND
POWDERY MILDEW, 1992-93: Scab-resistant apple cultivars and selections considered to have potential for the
mid-Atlantic processing market were planted at the Virginia Tech Ag. Research and Extension Center near
Winchester, VA in 1990. The long-term objective is to study susceptibility of these cultivars to other diseases,
particularly powdery mildew, the rusts and summer diseases. The planting was established on M27 rootstock in
four randomized blocks in two rows spaced at 30 ft. In-row spacing of the resistant cultivars is 10 ft. Two of the
blocks were interplanted with Jonagold/M26 or GingerGold/M26 in 1991 to help stabilize mildew inoculum
pressure. The test planting receives dormant copper sprays and streptomycin bloom sprays for fireblight control and
routine insecticides, but has not had a fungicide during the growing season since planting. Disease developed from
inoculum naturally present for mildew in the test area both test years and for rust in 1992. Rust galls were placed
around each test tree in 1993. Disease ratings were conducted 13-14 Jul 92 and 9 Aug 93 by evaluating all the
leaves on four terminal shoots from each replicate tree.

Under moderate rust inoculum pressure, the cultivars Redfree, Liberty and Williams Pride and several
unnamed selections were highly resistant to foliar infection. Jonafree, Co-op 25, and Co-op 31 were moderately
susceptible to foliar rust infection. Redfree, Jonafree, Williams Pride, Dayton and Enterprise were relatively
resistant to mildew infection, but Co-op 29 and selections CLR13T40, CLR13T45, HFR31T91 and PAR9T70 were
quite susceptible to foliar mildew infection. Dayton, Enterprise, HFR19T127, and PAR23T209 from the Purdue
collection have had 10% or less of the leaves infected with cedar apple rust or powdery mildew in 1992 and 1993.
Named cultivars or Co-op selections which had 20% or more of the leaves infected with powdery mildew in 1992 or
1993 were Liberty, Williams Pride, Co-op 25, Co-op 27, Co-op 29 and Co-op 31. The trees began to fruit in 1993
and, without artificial summer disease inoculum in the test area, no unusual susceptibilities to rots, sooty blotch or
fly speck were recognized. Fruit susceptibility to these diseases will continue to be evaluated as the trees produce

more fruit.
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Table 8. Evaluation of scab-resistant apple cultivars for rust and mildew susceptibility

Leaves with infection (%) Mildew
cedar-apple rust mildew % leaf area affected

Cultivar/selection 1992 1993 1992 1993 1992 1993
1 HFR19T127 Oa Oa 10 abe 3a 3a la
2 HFRI7T96 Oa Oa 12 abe 11 ab 2a 2a
3 Redfree Da Oa 7a 15ab 2a 2a
4  HCR23TI113 Oa 0a 6a 20 abc 2a 2a
5  Jonaftee 11 b-f 7 ab 4a 2a 2a la
6 Co-0p27 6 a-¢ O0a 11 abe 28 a-f 4a 7a
7  CLRI3T45 Da Oa 31cde 55g Ila 60c
8 HFR31T91 la Oa 24 a-d 521fg 19 ab 46 be
9  Liberty Oa Oa 18 abc 21l a-d 4a 2a
10 HF Row 34 14 def Oa 12 abc 34 b-g 4a 10a
11  Williams Pride la Oa 8a 20 abc 2a 3a
12 ORS53T43 14 def 16d 12 abc 26 a-e 4a 8a
13 HERA4TI6 13 ¢-f 11 bed 18 abc 47d-g 9a 33 abc
14 Co-0p29 la Da 47e 45¢c-g 39b 22 ab
15 Co-0p25 18 11 bed 11 abc 28 a-f Ja 8a
16 Co-op31 13 c-f 9bc 9 abc 33bg 3a 24 ab
17 PAR23T209 7 a-e 7 ab 7a Oa 2a Oa
18 PARST70 15 ef 14 cd 30b-e 48 efg 24 ab 33abc
19 Dayton 4 abc Oa S5a 4a la la
20 CLRI3T40 7 a-e 14 ¢d 38de 24 a-e 360 3a
21  Enterprise (Co-op30) 1la Oa 8ab 9ab 2a 2a
22 PWR36T242 3ab Oa 8ab 28 a-f 3a 11a
25 HCR23T113 5ad Oa 15 abe 10 ab 7a la
26 73334-35 la Oa 12 abc 24 a-e 2a 5a
27 NY 75413-30 la Oa 9 ab 21 ad 2a 4a

Averages of all leaves on four shoots from two-four single tree replicates 13-14 Jul 92 and 9 Aug 93.
Mean separation by Duncan's Mutiple Range Test (p = 0.05).
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APPLE (Malus domestica 'Golden Delicious") K. S. Yoder, A. E. Cochran I,
Sooty blotch; Gloeodes pomigena W. S. Royston and S. W. Kilmer
Fly speck; Zygophiala jamaicensis Virginia Agr Experiment Station - Winchester
Bitter rot; Colletotrichum spp. Virginia Polytechnic Institute and
White rot; Botryosphaeria dothidea State University
2500 Valley Avenue
Winchester, VA 22601

EFFECT OF REDUCED EBDC FUNGICIDE SCHEDULES AND ALTERNATIVES ON SUMMER
DISEASE AND POSTHARVEST ROT DEVELOPMENT ON GOLDEN DELICIOUS, 1992-93:
Fungicide mixtures and schedules involving EBDC's and possible alternatives to EBDC fungicides were
compared for disease control and fruit finish effects on 20-yr-old trees at the VPI and SU Research Farm near
Winchester, VA. The test was conducted in a randomized block design with four single-tree replicates
separated by border trees in the row and by untreated border rows between treatment rows. Tree-row-volume
was determined to require a 400 gal/A dilute base for adequate spray coverage. Treatments were applied to
both sides of the tree on each application date with a Swanson Model DA-400 airblast sprayer at 100 gal/A as
follows: 23 Apr (P, pink); 4 May (PF, petal fall); 1st through 6th covers (1C-6C), respectively: 13 May, 27
May, 10 Jun, 26 Jun, 10 Jul and 28 Jul. Other applications applied to the entire test block with the same
equipment included Supracide 2E 3 qt + oil 6 gal/A, 10 Apr; Streptomycin 100 ppm dilute, 28 Apr; Lannate 3
pt + Guthion 3F 2 pt, 13 May; NAA 10 ppm + Tween 20 8.0 fl oz, 21 May; Lannate 3 pt + Guthion 3F 2 pt +
Calcium chloride 6 1b/A, 28 May, 10 Jun, 25 Jun, 8 Jul, 25 Jul, 7 Aug and 25 Aug. Bramble canes infected
with sooty blotch and fly speck fungi, and bitter rot mummies were placed in baskets over each test tree. A 25-
fruit sample from each replicate tree was harvested 28 Sep and rated for sooty blotch and fly speck after 4 wks
storage at 2C. Rot incidence was evaluated after 133 days at 2C and 14 days at 19C.

Under heavy sooty blotch and fly speck pressure all treatments except Captan 50W significantly reduced sooty
blotch incidence and all treatments reduced percent area affected. Ziram, Captan 75 WDG and a combination
of ziram + Captan 50W more effectively controlled sooty blotch than Captan 50W alone. Initial rot counts
made after 4 wks cold storage showed that all treatments gave significant control of rots and early rot
symptoms, at that time presumed to be Botryosphaeria (white) rot. Counts after 19 wks cold storage and 2 wks
incubation at 19C showed the rots to be mostly a mixture of bitter rot and white rot and that some of the bitter
rot was probably latent at the time of the first evaluation. Following the warm incubation period the only
treatment which gave significant control of bitter rot, white rot and total rots combined was Captan S0W +
ziram + Nu-Film-17. The only other treatment which gave significant rot control was the season-long schedule
of Captan 50W 6 Ib/A which controlled white rot and reduced total {combined) rots.
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Table 9. Effect of reduced EBDC fungicide schedules and alternatives on summer disease and
postharvest rot development on Golden Delicious, 1992-93

Socoty blotch (%)

Flyspeck (%)

Postharvest rots (%)

Treatment, rate/A and timing fruit

area

fruit

area

total

rots

bitter

rot

white

rot

0 No fungicide 100 e

| Nova 40W $ oz (pink) 77 abe
Nova40W 3.5 0z +
Dithane 75DF 3 1b (PF-4C)
Captan 50W 6 Ib (5C, 6C)

2 Rubigan IE 8 fl oz (pink) 97 de
Rubigan IE8 floz +
Dithane 75DF 3 Ib (PF-2C)
Captan 50W 6 1b (3C-6C)

3 Nova 40W 4 oz (pink) 78 a-d
Nova40W 4 oz +
Dithane 75DF 3 b (PF-2C)
Captan 50W 6 Ib (3C-6C)

4 Syllit 65W 1.5 Ib (pink) 85 bed
Rubigan 1E 8 floz +
Polyram 80W 3 Ib (PF-2C)
Captan 50W 6 1b (3C-6C)

5 Rubigan 1E 6 floz + 75 ab
Captan 75WDG 2 Ib (P-2C)
Topsin-M 85WDG 8 oz +
Captan 75WDG 2 Ib (3C-6C)

6 Rubigan 1E 6 fl oz + 55 ab
Captan 50W 3 Ib (P-2C)
Topsin-M 85WDG 8 oz +
Captan 75WDG 3 1b (3C-6C)
7 Captan 75WDG 4 Ib (P-6C) 70 ab
8 Captan 50W 6 1b (P-6C) 94 cde
9 Ziram 76 6 b (P-6C 52a

10  Captan SOW 3 lb+ 73 ab
Ziram 76 3 1b (P-6C)

11 Captan 50W3 Ib+Ziram 763 1b+ 67ab
Nu-Film 17 1 pt (P-6C)

12 Captan SOW 3 Ib + 75 ab
Dithane 75DF 3 Ib (P-2C)
Captan 50W 6 Ib (3C-6C)

59¢

14 ab

25b

18 ab

18 ab

14 ab

12a

15 ab
26b

10a

17 ab

100 ¢

7a

95 be

73a

87ab

66 a

62a

67a

89 ab

67a

62a

69 a

74a

28¢c

4a

13b

6a

9 ab

Sa

5a

6a

9ab

7a

6a

6a

7 ab

55¢

25 abe

38 abc

29 abe

41 abc

47 be

27 abc

39 abc
17 ab
Slc

40 abe

10a

27 abc

47b

22 ab

28 ab

26 ab

34 ab

40

24 ab

36ab

17 ab

46b

38ab

10a

22 ab

14 ¢

3ab

12 be

5 abc

10 abc

6 abc

6 abc

S abe

0a

12 be

4 abc

la

7 abc

Averages of four single-tree replicates. Mean separation by Duncan's Multiple Range Test (P = 0.05).

.3

]




3

-

3 T3 13 3

3 T4

Yoder -- 17

NECTARINE (Prupus persica var. nectarina K. S. Yoder, A. E. Cochran II, W. S. Royston,
'Redgold") and S. W. Kilmer
PEACH (Prunus persica 'Loring’) Virginia Agricultural Experiment Station - Winchester
Brown rot; Monilinia fructicola Virginia Polytechnic Institute and State University
Rhizopus rot 2500 Valley Avenue
Winchester, VA 22601

DISEASE CONTROL ON REDGOLD NECTARINE AND REDHAVEN PEACH, 1993: Experimental and
registered fungicides were tested on pairs of adjacent 14-yr-old peach and nectarine trees. The peach trees had
not been treated with fungicides in 1992 to encourage carry-over scab inoculum. To standardize brown rot
inoculum, three mummified fruit were placed in each tree before bloom. Dilute treatments were applied to the
point of run-off (approximately 200 gal/A) with a single nozzle handgun at 200 psi in a randomized block
design with four replicate pairs of trees as follows: 30 Mar (BS, bud swell); 14 Apr (P, pink); 20 Apr (bloom);
27 Apr (PF, petal fall); 11 May (SS, shuck split); 25 May, 9 Jun, 23 Jun (1C-3C, 1st-3rd covers for both
Redhaven and Redgold). Preharvest applications for Redhaven were 12 Jul (1PH, 31 days pre-harvest); 23 Jul
(2PH, 20 days pre-harvest); and 9 Aug (3PH, 3 days pre-harvest). Redgold received a 4th cover spray (4C) 12
Jul and pre-harvest applications 9 Aug (1PH, 17 days pre-harvest), 18 Aug (2PH, 8 days pre-harvest); and 23
Aug (3PH, 3 days pre-harvest). Commercial insecticides were applied at 2 wk intervals to the entire test block
with a commercial airblast sprayer. After harvest (12 Aug, Redhaven; 26 Aug, Redgold) 25 apparently rot-free
fruit per replicate tree were selected for uniform ripeness, placed on fiber trays, and misted with de-ionized
water (indicated as no postharvest inoculation) or inoculated with a suspension containing 10,000 M. fructicola
conidia’ml. All were incubated in polyethylene bags at ambient temperature (20-26C, Redhaven; 22-27C
Redgold) for the indicated interval before assessing rot development.

Pre-harvest brown rot was relatively light and postharvest inoculation increased disease pressure on both peach
and nectarine. All treatments gave significant control. RH-7592 2F + Latron B-1956 and Rovral 4SC + Latron
CS-7 provided the most residual post harvest brown rot control overall. EXP 10370A, RH-7592 75W and Orbit
were effective on non-inoculated fruit but were somewhat less effective under heavy inoculum conditions.
Nova was significantly weaker than RH-7592 2F on inoculated fruit. Rhizopus rot appeared on "non-
inoculated" fruit and was significantly suppressed by Rovral, EXP 10370A, Captan 50W, Nova, RH-7592 2F
and Orbit. Leaf curl and scab incidence were light and variable and data are not included.



Table 10. Disease control on Redhaven peach after indicated postharvest incubation period

Brown rot (%), No postharvest inoculation

Treatment and rate/ postharvest inoculation brown rot % Rhizopus %
100 gal dilute Timing 4 days 5 days 8 days 4 days 5 days 8 days 8 days
No fungicide - 39b 65¢c 86¢c 26b 43b 78b 10b
Ziram 76 2 Ib BS
TD 2323-2752W31b P-3PH 5a 18 ab 40 ab ia Ta 12a 6 ab
Rovral 4SC 1 pt + Latron CS-7 1 pt SS,1C, 1PH-3PH 0Oa la 11a Oa Oa O0a Oa
Captan 50W 2 1b P-PF, 2C-3C
EXP 10370A 50WG 1 1b + Latron CS-7 1 pt SS,1C, IPH-3PH  2a 12 ab 24 ab O0a O0a 3a la
Captan S0W 2 b P-PF, 2C-3C
Captan 50W 2 Ib P-3PH la 19 ab 4] ab O0a 4a 12a la
Captan 75WDG 1.33 Ib P-3PH 7a 19 ab 21ab 0a 6a 17a 5ab
Nova 40W 2.5 oz P-3PH 7a 28b 51 ab O0a 4a 17a 2a
RH-7592 75W 1 oz + P-3PH 4a 18 ab 31ab Oa 2a 12a 4ab
Latron B-1956 4 fl oz
RH-75922F 3 floz + P-3PH 0a Oa 11a 0a Oa 2a la
Latron B-1956 4 fl oz
Orbit 3.6E 2 fl oz P-3PH Oa 8ab 33 ab Oa Oa 4a Oa
Averages of four single-tree replicates. Mean separation by Duncan's Multiple Range Test (p = 0.05).
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Table 11. Brown rot control on Redgold nectarine
Brown rot (%) after indicated incubation period

Treatment and rate postharvest inoculation no postharvest inoculation
100 gal dilute Timing 4 days 5 days 7 days 4 days 5 days 7 days
No fungicide - 45b Tdc %4c 27b 63b 88c
Ziram7621b BS

TD 2323-2752W31b P-3PH la 8 ab 35ab 0a 3a 13 ab
Rovral 4SC 1 pt + Latron CS-7 1 pt SS,I1C, IPH-3PH 2a 7 ab 27 ab 0a la 5a
Captan 50W 2 Ib P-PF, 2C-4C

EXP 10370A 50WG 1 Ib + Latron CS-7 1 pt SS,IC,1IPH-3PH  3a 17b 30 ab Oa 0a 3a
Captan 50W 2 1b P-PF, 2C-4C

Captan 50W 2 Ib P-3PH 4a 12 ab 31ab la la 13 ab
Captan 75WDG 1.33 Ib P-3PH 3a 15 ab 44b 0a 4a 20 ab
Nova 40W 2.5 oz P-3PH 7a 19b 45b 5a 10a 28b
RH-7592 75W 1 oz + P-3PH 3a 3ab 19 ab Oa 2a 6a
Latron B-1956 4 fl oz

RH-75922F 3 floz + P-3PH Da Oa 8a O0a 0a Oa
Latron B-1956 4 fl oz

Orbit 3.6E 2 fl 0z P-3PH 5a 14 ab 31ab Oa 2a 8a

Averages of four single-tree replicates. Mean separation by Duncan's Multiple Range Test (p = 0.05).

6T —-— 29pox



—3 T3 73 T3 T3 T3 T3 T3 T =

—3

1

h—*‘g r—-—g ——3

3

3

—

7

1993 PRE-HARVEST FUNGICIDE TRIAL FOR CONTROL OF PEACH BROWN ROT

William Anthony Watson and R. W. Miller,
Area agent and Extension Specialist,
Clemson University Extension System,
Edgfield County Extension Office

P.O. Box 509

Edgefield ,S.C. 29824

(803) 637-3161

The 1993 Ridge area fungicide trial was established in a
commercial orchard on Theo Williams' farm near Edgefield S.C.
The purpose of the trial was to evaluate the.efficacy of several
fungicides and various sequential applications for the control of
peach brown rot caused by Monilinia fructicola. A block of
approximately twelve year old 'Coronet' trees was used for the
test. Single tree plots were replicated ten times in a random
complete block design; nine treatments were included in the test.

Bloom and cover sprays were conducted according to Clemson
University Extension Information Card 72 (1993 Commercial Peach
Spray Guide). The commercial spray schedule consisted of a bloom
spray of chlorothalonil and cover sprays consisting of either
sulfur or captan plus an insecticide. Cover sprays were applied
at 7 to 10 day intervals, depending on weather conditions, using
a commercial FMC sprayer calibrated to deliver 100 gallons per
acre until preharvest sprays were initiated on 6-24-93. Due to
rains during bloom some blossom blight was present in the
orchard. It was estimated that four or five blighted blossoms
were present on each tree. Decayiny fruit could be found
throughout the orchard. Trees abgent of either blighted blossoms
or infected fruit were inoculated by inserting a needle into
healthy fruit and injecting a conidial suspension of M.
fructicola prior to applying preharvest treatments. Disease
pressure, however, was light prior to harvest due to drought.

All preharvest fungicide applications were made by using a
handgun calibrated at approximately 120 psi to deliver one (1)
gallon of spray per minute. Each tree was sprayed for one
minute.

Preharvest sprays were initiated using historical harvest
data. Harvest in 1993 was approximately two weeks late,
consequently, spray intervals were adjusted using IPM practices.
Hence, preharvest spray intervals were lengthened.

Forty fruit per tree were harvested on 6-24-93 and placed
in fiber apple trays so that individual fruit would not be in
contact with adjacent fruit. Trays contained twenty fruit each.
Each set of forty fruit were marked so individual replications
could be identified for recording data.

Following the harvest on 6-24 fruit were evaluated for
infection by M. fructicola on 7-1-93 and 7-7-93. Data reported
for 7-7-93 is the total brown rot for the season. Note that
table 1 is the mean number of infected fruit (per 40 fruit)
for both dates and is not the percentage of infected fruit.
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TREATMENTS
———————————— Fungicide per application —————————————

Date of application.

5-28-93 6—-8-93 6-21~-93
(1) White Funginex Orbit Orbit
(2) Orange Funginex orbit Gel Orbit Gel
(3) Yellow Ronilan Ronilan Funginex
(4) Red Elite Elite Elite
(5) Blue RH-7592 RH-7592 RH-7592
(6) Black Stripe Funginex Funginex Funginex
(7) Orange Stripe Rovral Rovral Rovral
(8) Blue Stripe Benlate Ronilan Orbit

(9) Red Stripe Orbit - Rovral Orbit

Rate (formulation) per acre.

Abbreviation.
Oorbit 4.0 oz. Oorb.
orbit Gel 4.0 oz. OrbG.
Funginex 32.0 oz. Fun.
Ronilan 2.0 1bs. Ron.
Rovral 2.0 lbs. Rov.
Elite 6.0 oz. Elt.
RH-7592 6.0 oz. RH-7.
Benlate 1.0 1b. Ben.
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Table 1. Mean number infected fruit.

Treatment

description. % infected *
# rotten fruit

Fun., Orb., Orb. 2.5 a 12.5
Rov., Rov., Rov, 1.7 ab 8.5
Fun., Fun., Fun. 1.6 ab 8.0
Elt., Elt., Elt. 1.3 bc 6.5
Ron., Ron., Fun. 1.25 bc 6.5
Ben., Ron., Orb. 1.05 bc 5.25
Orb., Rov., Orb. . 1.05 be 5.25
Fun., OrbG., OrbG. 0.85 bc 4.0
RH-7.,RH-7., RH-7. 0.55 c 2.75

Treatments with the same letter are not significantly
different, LSM (p=.05).

* Percentages are the result of cumulative number of rotten
fruit as of 7-7-93.

Note also that there were no significant differences between
treatments on 7-1, seven days postharvest.  Differences were
noted on 7-7, fourteen days postharvest.

Overall RH-7592 outperformed other treatments. The Orbit
treatments were not significantly different, although, the gel
formulation performed slightly better.

It must be noted that the final data was taken 17 days after the
last preharvest spray was applied. This interval was longer than
normal due to the dry season and may not reflect the efficacy of
the different materials as well as it may reflect the
persistence. Such persistence may be due to factors as
resistance to UV light degradation.
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NATURE AND CONTROL OF THE RED SPOT DISEASE
OF PEACHES IN THE COASTAL PLAINS OF SOUTH CAROLINA

E. I. Zehr and R. W. Miller
Department of Plant Pathology and Physiology
Clemson University, Clemson, SC 29634-0377

Introduction. A new disease of peach fruits has become
an increasingly urgent problem for peach growers in the
Coastal Plains of South Carolina in recent years. The disease
is characterized by numerous small (1-2 mm diameter),
superficial, bright red spots scattered over the surface of
affected fruits. The symptoms are similar to those induced on
fruit by white peach scale, but no insects have been
associated with the problem. The red spots often seem to be
centered over stomata. Fruit size and eating quality are not
affected, but the spots are so prominent that only a dozen or
so are sufficient to affect USDA grade for market. The effect
is to greatly reduce the market value of the crop. When the
problem appears, it often affects almost all of the fruit in
the orchard, so economic losses have been severe for those
whose crop is affected.

The disease usually appears suddenly over a wide area in
early to mid-June, affecting green fruits as well as those in
the ripening phase of development. An Alternaria species has
been isolated consistently from the red spots, but unaffected
fruits and healthy tissues from affected fruits also yielded
the same Alternaria species. Bacteria are not consistently
associated with the problem. Using scanning electron
microscopy, fungal hyphae sometimes were observed entering
through stomata of affected fruits.

The sudden appearance of the problem over a wide area
often coincides with stagnant air masses, leading us to
suspect that an air quality problem might be the cause of the
disorder. We therefore reasoned that coating materials to
reduce the rate of gas exchange might be beneficial. We
established two field experiments, including Vapor Guard, Nu-
Film 17, and Crop Life as coating materials, two fungicides
that might have potential for Alternaria control (Rovral and
Ziram), and a bactericide (Mycoshield).

MATERIALS AND METHODS

Two experiments were established in commercial orchards
in Allendale and Orangeburg Counties, respectively, where red
spot was a serious problem in 1992. Each was designed as a
randomized complete block replicated four times, single trees
per replicate. Cultivars were Winblo in the Allendale
location and Cresthaven at the Orangeburg site. Applications
were made by handgun to runoff, ca. 2.0 gallons per tree,
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using a plot sprayer, on 18 and 31 May and 15 June at both
locations. The test trees also were oversprayed with grower's
regular maintenance schedule (sulfur and captan plus an
insecticide. Evaluations of performance were made by counting -
the number of affected fruits per 100 at random per tree on 30
July at the Orangeburg site only.

RESULTS AND DISCUSSION

Weather at both locations was very dry through most of ™
the growing season. Very 1little symptom development was .
observed at the Allendale location and no data on performance
were collected. Some symptoms developed at the Orangeburg
location (Table 1), but the number of fruits affected was less ﬁ

than in recent years.

None of the coating materials tested or Mycoshield 7
reduced the number of fruits affected relative to the grower -
standard program (Table 1). Crop Life appeared to increase

the number of fruits having symptoms. However, very or no ™
little symptom development was found on fruits sprayed with
either 2Ziram or Rovral. The absence of symptoms there
suggests that Alternaria may indeed be the cause of the red -

spot problem on peaches. Larsen et al. (1) described a
similar problem on apricots caused by Alternaria alternata, in
which invasion of fruits resulted in small red spots with
necrotic tan to brown centers. One of us (Miller) has
sometimes seen necrosis associated with the problem in South
Carolina, but necrosis is unusual. Other symptoms that Larsen
et al. reported are almost identical to those we observed. o

Based on the performance of Rovral and Ziram in
suppressing this problem, the association of an Alternaria sp.
with the disease, and the report of a similar problem on
apricots, we shall investigate the Alternaria species
associated with the problem to determine its identity and try
to induce the symptoms in the field by inoculation of fruit T
with this fungus. Since both Rovral and Ziram are registered
for use on peaches, there may be an option for immediate
suppression of economic losses to red spot. Although results ™
of a single experiment on disease suppression may be |
misleading, we expect to advise growers in the Coastal Plains -
to adjust their spray schedules in 1994 to accommodate the = _
potential value of these fungicides to control red spot. il

- -3
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l. Larsen, H. J., R. P. Covey, Jr., and W. R. Fischer.
1980. A red spot fruit blemish in apricots. -
Phytopathology 70:139-142.
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Table 1. Control of peach red spot disease on Cresthaven

peach in 1993.

Treatment and rate

% fruits affected

per acre 7/30/93
Vapor Guard 1 gallon® 2.2
Vapor Cuard 1 gallon;

Nu-Film 17 1 pint 6.5
Nu-Film 17 1 pint 2.5
Crop-Life 1 ggllon 16.5
Rovral 2.0 1lb d 0.7
2iram 76W 4.0 1b d 0.0
Mycoshield 1.5 1lb 4.2
Check (grower standard) 5.2
L.S.D. 0.05 5.3

Applled May 18 only.

Vapor Guard applied May 18, Nu-Film 17 on May 31.

¢ pplied May 18 and 31.
Applied May 18, 31, and June 15.
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CONTROL OF SCAB AND BROWN ROT ON NECTARINES
WITH THE FUNGICIDE, BRC 519, IN 1993

E. I. Zehr, G. W. Kirby, and R. C. Powell
Department of Plant Pathology and Physiology
Clemson University, Clemson, SC 29634-0377

Seven-yr-old Redgold Nectarine trees were sprayed with
five rates of the experimental fungicide, BRC 519, to test its
effectiveness for control of scab (Cladosporium carpophilum)
and brown rot (Monilinia fructicola). The trees, located at
the S. C. Agricultural Experiment Station, Pendleton, sprayed
to runoff with a handgun at 250 psi, 1.5 - 2 gallons per tree.
Single~-tree plots were replicated four times in a randomized
complete block design. Application began at shuck split (16
Apr) and continued on 26 Apr, 11 and 25 May, 23 June, and 7,
16, and 23 July. Asana insecticide, 8 o0z per acre, was
applied separately by airblast sprayer on 30 April, 14 and 28
May, and 5 July. Carzol, B8 oz per acre, was applied during
bloom to control thrips. At maturity (29 July), the
percentage fruits per tree infected with M. fructicola was
estimated. On 30 July, 100 fruits per tree were harvested,
examined for scab, packed in fiber trays which then were
placed in boxes and stored at 22 C in an air-conditioned room.
Weather conditions were dry throughout much of the growing
season -- rainfall totals were 3.34, 3.51, 0.80, and 1.60
inches for the April to July period. To encourage brown rot
development, overhead irrigation (4-5 mm/hr) was applied twice
for 15 hr each during the preharvest period.

Scab control was unsatisfactory even with the captan
standard (Table 1), presumably as a result of equipment
malfunction in the midseason cover sprays. BRC 519 at rates
above 14.8 0z per acre was superior to captan for scab
control, and was equal or superior to the Funginex standard
for brown rot control at the three highest rates. Rates above
22.2 oz per acre did not improve brown rot control. No
phytotoxicity was observed.



Table 1.

experimental fungicide, BRC 519.

Control of scab and brown rot on nectarine with the

% postharvest brown rot at:

Treatment and rate per acre % scab 0 days 4 days 7 days
BRC 519 50WDG 1.5 oz 96.5 15.2 31.0 67.8
BRC 519 50WDG 2.9 oz 93.5 14.0 17.0 46.2
BRC 519 5S0WDG 4.4 oz 69.3 4.0 5.3 24.3
BRC 519 50WDG 5.8 oz 79.2 6.5 13.5 32.2
BRC 519 50WDG 7.4 oz 61.0 2.2 9.0 24.8
Captan 50W 4.0 1b cover

sprays; Funginex 1.6E

24 oz preharvest 95.8 14.0 13.8 63.8
Check (insecticide only) 100.0 98.0 56.3 80.7
L.s.0. 0.05 12.4  15.3  16.3 33.2
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FIELD TEST FOR CONTROL OF BLOSSOM BLIGHT
IN PEACH, 1993

E.I. ZEHR, G.W. KIRBY, AND R.C. POWELL
DEPARTMENT OF PLANT PATHOLOGY AND PHYSIOLOGY
CLEMSON UNIVERSITY
CLEMSON, S C 29634-0377

Seven-yr-old Redskin peach trees at the S.C. Agricultural
Experiment Station were sprayed in bloom for control of
blossom blight caused by Monilinia fructicola. The test was
established as a randomized complete block of single trees
replicated four times. Sprays were applied to runoff using a
handgun at 250 psi, approximately 1.5 gallons per tree. Dates
of application were 24 March (20% bloom) and 30 March (full
bloom). Numbers of infected flowers per tree were counted on
28 April.

Measureable rainfall was recorded on five days (4.10
inches) during the bloom period up to full bloon. All
fungicides tested reduced the amount of blossom blight in this
experiment. Orbit, Funginex, Rovral, and RH7592 were the most
effective materials; Bravo (especially the dry flowable
formulation) and Fluazinam were less effective than the Rovral
standard, which had no blossom blight at all.

TABLE 1. Control of blossom blight on Redskin peach trees
sprayed at 20% and full bloom

No. blighted
Treatment and rate per acre blossoms/tree

Rovral SOW 1.5 1b. 0.0
RH7592 2F 6.0 fl oz 0.2
Oorbit 3.6E 4.0 fl oz 2.5
Orbit 3.6 GL 4.0 fl oz 1.2
Funginex 1.6E 24.0 fl oz 2.8
Bravo 720F 3.125 pt 3.8
Bravo 825 DF 2.85 1b 7.2
Fluazinam 500F 12.8 fl oz 4.0
Check (no fungicide) 14.8
L.S.D. 0.05 3.4
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CONTROL OF BACTERIAL SPOT IN A FIELD TEST IN 1993

Eldon I. Zehr, G. W. Kirby, and R. C. Powell
Department of Plant Pathology and Physiology
Clemson University, Clemson, SC 29634-0377

Four-yr-old Summer Pearl peach trees were used in a test
for control of bacterial spot caused by Xanthomonas campestris
pv. pruni. Treatments were arranged in a randomized complete
block design, four replicates of one tree each. Treatments
were applied by handgun, spraying trees to runoff,
approximately 1 gallon per tree, (less for the copper
treatment applied before bud break). Dates of application
were 4 and 11 March (Kocide only), 7 April (petal fall), 15
April (shuck split), 23 April (shuck fall), 4 and 17 May, 1,
14, and 29 June, and 13 July. Asana, 8 o0z per acre, was
applied separately by airblast sprayer for insect control on
19 and 30 April, and 14 and 28 May, Sevin 50W, 4 lb per acre,
was applied 19 July. Irrigation was applied by overhead
sprinklers at the rate of 4-5 mm per hour from 2 p.m. until 6
a.m. the following day once or twice weekly during dry periods
in late April and May to encourage disease development. At
maturity (3 August), 100 fruits per tree were harvested, and
examined for scab and bacterial spot. On 4 August, 15 shoots
per tree were collected, the number of leaves counted, percent
defoliation determined, and numbers of spots per leaf were
recorded.

Rainfall was light, especially late in the season --
totals of 3.34, 3.51, 0.80, and 1.60 inches in the April to
July period. However, rains in the early season and the
supplemental irrigation provided resulted in considerable
bacterial spot. All treatments except 2Ziram and Syllit
reduced the amount of fruit infection. Mycoshield applied
full season was not superior to Kocide applied in two sprays
at late dormancy for control of fruit infection. Mycoshield
following Kocide only slightly improved the level of control
relative to either antibiotic alone. Captan added to ziram or
Syllit improved bacterial spot control on fruit. All
treatments reduced the number of lesions per leaf and all
except ziram decreased the amount of defoliation. Treatments
containing captan controlled scab, but the others were less
effective. However, captan plus Syllit resulted in many small
necrotic lesions on leaves that were barely distinguishable
from bacterial spot. Similar evidence of injury was not seen
on fruit in this treatment.
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Table 1. Control of bacterial spot and scab on Summ

£
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er Pearl peach in 1993.

Treatment and rate Number % Number % fruit %
per acre leaves defoliated spots/leaf infected scab
Kocide 101 8 1b (2 sprays) 1099 10.8 0.8 10.0 --
Kocide 101 8 1b (2 sprays);

Mycoshield 1.5 1b from

petal fall 1038 16.5 0.4 7.8 --
Ziram 76W 4.0 1b 1112 21.2 1.2 22.0 92.2
Ziram 4 1b + sulfur 6 1b 1033 20.2 0.8 27.2 30.8
Mycoshield 1.5 1b

full season 1152 15.8 0.4 10.2 --
Mycoshield 1.5 1b

1st 4 sprays only 1076 16.5 0.8 10.5 -
Syllit 2.0 1b 1086 17.5 0.8 31.0 29.0
Syllit 2.0 1b + 'a

Captan 50W 4.0 1b 1081 17.5 - 15.0 6.2
Ziram 76W 4.0 1lb +

Captan 50W 4.0 1b 13118 15.0 0.8 12.5 16.8
Check 1161 26.5 2.2 30.2 100.0
L.S.D. 0.05 8.8 0.8 14.5 12.5

°Bacterial spot obscured by numerous similar leaf spots, presumably chemical injury.
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FIELD TEST FOR CONTROL OF PEACH SCAB
AND BROWN ROT, 1993
E. I. 2ehr, G. W. Kirby, and R. C. Powell
Department of Plant Pathology & Physiology
Clemson University, Clemson, SC 29634-0377

The purpose of this experiment was to compare two
formulations of Bravo for scab control and several other
fungicides in preharvest sprays to control brown rot. Bravo
720 (flowable) and Bravo 825 (dry flowable) were applied at
shuck split (19 Apr) and shuck fall (30 Apr), with additional
cover sprays of wettable sulfur on 14 and 28 May. All other
treatments received wettable sulfur in all cover sprays.
Dates of preharvest applications were 7, 14, and 20 July.
Treatments were applied by handgun (approximately 250 psi) to
runoff (1.5 to 2.0 gallons per tree) on 7-yr-old Redglobe
trees. Experimental design was a randomized complete block
replicated four times, one tree per replicate. Asana, 4
0z/100 gallons, was applied separately by airblast sprayer for
insect control on 19 and 30 Apr., 14 and 28 May, and 5 July.
At maturity (22 Jul), 100 fruits per tree were harvested at
random, examined for scab, packed in trays which were placed
in cardboard boxes, and stored at 22C in an air-conditioned

room.

Rainfall was light during most of the growing season--
3.34, 3.51, 0.80, and 1.60 inches in April, May, June, and
July, respectively. Only a few light showers were recorded
during the preharvest period. Although inoculum arising from
infected flowers was present in the orchard, little brown rot
was observed at harvest, and amounts postharvest were
relatively light. Fluazinam appeared to be less effective for
brown rot control than Orbit or Funginex. Gel and EC
formulations of Orbit were comparable for brown rot control
and no benefit of adding captan to Orbit was observed. Scab
control was not satisfactory, presumably because an equipment
failure occurred in the cover sprays after shuck fall. No

phytotoxicity was observed.
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Table 1. Fungicide test on Redglobe peach for scab and brown rot control
i'l 1993 -

% postharveot

Treatment and rate brown rot 57
per acre % scab 4 days 7 days
Bravo 720 F i

.

4.125 pt shuck split, ehuck fall;
wettable sulfur 12 1lb cover;

Funginex 24 oz preharvest 59.0 2.0 7.5 -
Bravo 825 DF 3.75 1lb (echedule for r?
other eprays as above) 71.5 2.0 6.0
Wettable sulfur 12 lb; WW
Fluazinam 26 oz preharvest 90.2 5.0 17.5
Wettable sulfur 12 1b; -
Fluazinam 26 oz +
Nu=FLlm 17 8 oz preharvest 90.0 2.0 12.8
Wettable sulfur 12 lb;
Nova 6 oz preharvest - 1.5 9.8 M
|
Wettable sulfur 12 1b; '
Orblit EC 4 oz preharvest - 2,5 5.5 -
Wettable sulfurxr 12 1lb; %
Orbit GL 4 oz preharvest - 3.2 7.5
Wettable sulfur 12 1b; =
Orbit EC 4 o0z + ’
Captan 50W 4 1lb preharvest - 4.0 9.0
Check
{shuck eplit and ehuck fall
sprays omltted) 93.5 8.5 29.0
L.S.D, 0.05 16.2 4.5 8.9
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Differential suppression of plant parasitic nematodes by rapeseed cultivars.

G. N. Jing and J. M. Halbrendt ----1
PSU Fruit Research Laboratory
Biglerville, PA 17307-0309

INTRODUCTION
A number of studies have indicated that cruciferous plants (oilseed rape, mustards, canola,
rapeseed, henceforth referred to here as rapeseed) can be used to control plant parasitic
nematodes (Mojtahedi et al., 1991; Johnson et al., 1992). In these studies rapeseed cultivars
were selected either on availability or knowledge of toxic compounds known to be present in
these plants. These compounds known as glucosinoloates (GS) are thioglycosides which are
separated in the intact plant from the endogenous enzyme thioglucosidase (myrosinase, EC
3.2.1). Hydrolysis of GS by myrosinase produces toxic by-products. About 100 different
forms of GS are found in the plant Brassicaceae. ‘The chemical structure of GS indicates that
nematode toxic by products are produced only by some GS. This study presents data which
shows the variation in GS concentration in different rapeseed plants and their toxic effects on
nematodes.

Glucosinolates in rapeseed.

The total GS in rapeseed was quantifigd for seeds and four week-old-plants (foliage and roots)
of selected rapeseed cultivars. GS-containing extracts were prepared by a method for
glucosinolate extraction (Buchner, 1987). Chopped plant parts were heated in hot 80%
methanol-water mixture for 10 minutes. Extracts were prepared from these material by
grinding the tissue, centrifuging at 3000 x g for 10 minutes and concentrating the supernatant
by heating below 40 C on a hot plate. Volume of extract was adjusted to 1ml /g of tissue used.
Two hundred and fifty microliters of each extract each were then pipetted into two clean test
tubes. Five hundred microliters of 50 mM sodium citrate (pH 5.5) were added to each test
tube. Fifty microliter of a commercial preparation of myrosinase was added to one test tube
while 50 pl of buffer was added to the other. Tubes were then incubated in a water bath at 37
C for 30 minutes. Each tube was analyzed for total glucose by using a glucose specific test
(Sigma Chemical Company, 510-A). In this test 200 pl of the contents of each tube were
added to 1800 pl of distilled water in separate clean test tubes and vortexed. Two hundred
microliters of a glucose standard solution (27.78 mmol/L in .1% benzoic acid solution) were
used for comaparison while 2 ml of distilled water were used as the blank for reference. One
milliliter of barium hydroxide and zinc sulfate were then added sequentially and vortexed after
each addition. Samples were centrifuged to precipitate any solid materials. Five hundred
microliters of the supernatant of each tube were transferred 1o clean test tubes. To each tube 5
ml of Combined Enzyme-Colored Reagents solution (100 ml of PGO enzymes and 1.6 ml of
Colored Reagent Solution, Sigma Chemical Company) were added. All tubes were then
incubated at 37 C for 30 minutes. At the end of incubation period, all tubes were removed
from bath. The absorbance [A] of the standard (glucose standard) and test were read at 450 nm
using the blank as a reference. All readings were completed within 30 minutes. A new blank
and standard were prepared each time the test was done. Extracts not treated with myrosinase
accounted for background glucose level. Glucose concentration released from GS was

calculated as follows:
Glucose (mg/dL) = Arest/ Astandard x 100
and
glucose (mM/L) = Glucose (mg/dL)/ 18.

[A] is directly proportional to the concentration of glucose for a glucose concentration of 0-30
mg/l.

The concentration of glucose in each extract was equivalent'to the concentration of GS
because they react in equimolar amounts. The concentration of GS g-1 tissue was therefore
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determined by taking into account the dilution factor for volume of extract used to
. determine glucose concentration, the total volume of extract and the weight of the plant
tissue used.

Nematode Bioassay:

Mixed stages of the plant parasitic nematode, Xiphinema americanum were used to
bioassay extracts. The tests were performed in autoanalysis cups (1 ml) with 10 nematodes
per cup and eight cups per concentration. Four of the replicate treatment cups received 50
pl of 10 mg/ml of myrosinase while the others were not treated. Concentrations ranging
from one where all nematodes were alive regardless of treatment with myrosinase to one
where all nematodes died after addition of myrosinase but were alive with no addition. At
least six concentrations were used within this range and nematodes were incubated in the
dark for a maximum of twenty four hours. At the end of the incubation period, dead
nematodes were counted in each of the cups. Death was defined as total lack of movement
in response to a probing needle. Controls included buffer alone and buffer plus
thioglucosidase. Mortality data were analyzed using a POLO - PC program (LeOra
Software, Berkeley California) that converts dosage response data to probits. The lethal
dose that killed 50 % of the nematodes (LDsg) and slopes of the dosage response curves
were then compared for each nematode and extract used in the bioassay. Extracts of 4
cultivars were selected and bioassayed with C. elegans following the same procedure.
Results of the X. americanum and C. elegans bioassays were compared.

Greenhouse Soil Amendment Test:

Based on the results of the bioassay, two rapeseed cultivars (Brassica napus cv. Humus
and B. campestris cv. Parkland) were selected and used in a greenhouse soil amendment
test. Other plants included in this study were sudangrass and wheat . Controls included
two nematicides (vydate and Busan 1020) and a fallow treatment. Plants were grown on a
sterilized soil mix and fertilized according to recommendations. After six weeks, plants
were harvested at the soil line and chopped into 3-5 ¢cm pieces. One hundred grams of each
plant were placed in alternate layers with 1200 g of naturally infested soil with Pratylenchus
penetrans as the predominant nematode (187 / 100 cc soil). Treatments were arranged in a
completely randomized design with 6 replicates. Pots were covered with two sheets of
folded paper towels and mist watered every other day. One hundregd grams of soil were
taken from each pot every week for extraction and counting of nematodes.

RESULTS
Total Glucosinolate: '
Total GS content of rapeseed varied widely (Table 1). Seeds of all cultivars tested had the
higher GS concentrations than four-week-old foliage and roots (fresh weight). However,
on adry weight basis, the foliage of cv Ochre, Ceres and Rangi Rape had the higher
concentrations relative to seeds and roots (fresh weight only). There was not enough root
mass to measure dry weight but apparently the dry weight values were higher than the fresh

weight.. Roots of four week old plants had a higher level of GS than foliage on a fresh
weight basis.

Nematode bioassay:

Extracts treated with myrosinase caused nematode mortality in excess of that found in the
control within a concentration that ranged from 0% to 100% mortality. Toxicity of extracts
from cultivars tested could be separated into three categories based on the relative toxicity
of each extract compared to extracts from cv Tobin, considered the most potent: Relative
toxicity of , 0.14-0.15 (Humus, Westar, Parkland, Cutlass, Ceres and Dwarf Essex) 0.2-
0.22 (Rangi Rape, Swede, Forge, and Rondo Turnip) 0.5-1 (wild mustard, Tobin.
Liborius, Ochre). There were no significant differences among the slopes.
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There were big differences in the response of the plant parasitic nematodes X. americanwn
and the free living nematode C. elegans to dilutions of extracts treated with myrosinase
(Table 3). The lethal dose that killed 50% of the nematodes in the test (LDsg) was
consistently higher for C. elegans compared to X. americanum. Whereas an increase in
concentration of extracts did not affect the way the plant parasitic nematode responded for
all the cultivars tested, there was a marked difference in the way C. elegans responded to
increases in dosage as evident from the significant difference in slopes (Table 3).

Soil amendment: '

Figure 1 shows a decline in nematode numbers from week one to week six on all
treatments except the fallow which remained high. The decline was occured during the first
week but nematode numbers remained relatively constant thereafter, The order of
nematode suppression was wheat < sudangrass < B. campestris cv Parkland < B. napus cv
Humus < vydate < Busan 1020. Nematode suppression in monocot amended soil was
significantly less than for the two rapeseed cultivars and chemical treatment. Cultivar
Parkland was less suppressive than cv. Humus. The latter was however not significantly
different from the two chemical treatment by the second week. Although the plant parasitic
nematode population was decreased, there was-a large increase in the population of free
living nematodes (data not presented). This increase in the free living nematode population
was greater in rapeseed treated pots than pots amended with sudangrass or wheat.

DISCUSSIONS
These data show variation in the level of GS in different rapeseed plants. Levels of up to
75-100 pmoles g-1 of GS within seeds collected from the wild have been reported. Indian
mustard (cv. Cutlass) and Humus have levels within this range. Humus was bred for a
high glucosinolate content but this information was not available for cv. Cutlass. The very
low levels of GS in some of the cultivars was the result of rape breeding programs
throughout the last two decades aimed at reducing GS levels in the seeds. Cultivars Tobin,
Parkland and Liborius are canola varieties that are used for the productions of almost
glucosinolate-free oil. Thus the breeding program reduced their glusosinolate levels to as
low as 3.2 to 6 pmole g1 as obtained in this study.

‘These data demonstrate an in vitro nematicidal action of toxic by products obtained from

enzymatic hydrolysis of extracts from various rapeseed plants (Table 2). The LDs is the
concentration of extracts required to kill 50% of the nematodes under test while the slope of
the dosage response curve is the nematode inhibiting properties of the extracts under
congditions of changing dosage. A small LDsg and a steep slope indicates a very potent
extract. These two parameters have no correlation with total gluocsinolate concentration in
the extracts. Over 100 different GS are known to exist in cruciferous plants. Production
of toxic by products is determined by their chemical structure. In this study cv. Tobin with
a very small LDsg ironically has a very small GS concentration in the seeds comapared to
cv. Cutlass. This must be due to the nature of GS present in the plant. Not all GS have
structures that will favor the production of toxic by products u%on degradation. In a study
with purified GS, Lazzeri er al (1993) showed that only some GS can produce toxic
metabolites. Although a high level of GS is important when selecting cultivars for possible
management strategies, toxicity of the individual GS is very important.

The differences in sensitivity to the toxins observed between X. americanum and C.
elegans shows variation in the nematodes' tolerance. Isothiocyanates, the major toxic by
product, produced after enzymatic degradation is very toxic and has general biocidal
properties as a result of interaction with proteins (Wood, 1975, Kawakishi and Kaneko,
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1987). It may be postulated that C. elegans can detoxify these compounds or in some other
way escape their effect. -

The greater decline in' nematode population amended with rapeseed shoots relative to the
two grasses can be linked to GS degradation. Because the grasses also reduced the number
of nematodes, other nematode reducing agents other than GS may be involved.
Stimulation of nematode biocontrol agents is a possibility. Surprisingly, the level of free
living nematodes in the amendment, especially with rapeseed amended soils surged. Free
living nematodes feed on bacteria and incorporation of plant material would increase the
bacterial population thus increasing the food source for these nematodes, The effect of
glucosinolate degradation products on the free living nematode should be very mild as
evident from the data presented. Adoption of glucosinolate containing plants as part of
integrated pest management strategy should be environmentally sound because populations
of the free living nematodes which are involved in nutrient cycling will increase while the
population of the plant parasitic nematodes will decline.

CONCLUSION
Our data show that planting rapeseed as a cover crop should play an important role in
reducing the impact of nematodes in orchards. Better still, planting and subsequent
incorporation of rapeseed into the soil as a green manure source will not only provide
greater nematode control than a rotation alone but will add to the organic matter of the
orchard. Such a practice should integrate well with other management practices when
starting a new orchard or replanting an old one. Choice of cultivar to be used must be
based on knowledge of the GS level in the plant and the degree of toxicity upon
degradation of the GS. :
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Tablel. Glucosinolate concentration (umoles) per gram of Brassica tissue

Four-wk-old Four-wk-old , Four-wks;old

Cultivar foliage (FW) foliage (DW) roots (FW) Seeds
RondoTumip 14%.03 1512 4730£.10 33.6£20 %
WildMustard 3.6 % .09 29.77 - 33.6 £ 1.0
Humus 21%.1 20.5 24.6 + .30 78.4 £ 2.5
Westar 43+ .90 36.9 9.40 + .01 25.6 £ 1.0
Parkland - ' - - 6.4+.70
Tobin - . 6.40 = 3 3.2+ .02
Liborius 2.6+ .50 25.63 7.40 £ 4 3.2%.02
Rangi Rape 5.1+.30 56.96 16.5 £ .10 4321 1.0
Swede 1.5+ .04 15.66 202 % 1.0 54.4 £ 3.1
Cutlass 2.1%.30 23.65 3.40 £ .20 99.2 + 3.4
Dwarf Essex 4.6 £.60 53.26 13.99 + 10 64.0 £ 1.9
Ceres 2.1+.07 22,77 12.6 + .90 16.0 + .98
Ochre 258 +2 242.3 17.01 £ 2 480121
Forge 6.2 .10 59.4 110%.1 64.0 £ 3.3

Results are the averages of two trials with two replications per trial.
FW =Fresh weight; DW = Dry weight.

T Standard deviation
- Glucosinolate level

was to0 small to be determined with precision
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Table 2. Glucosinolate (GS) concentration of Brassica seeds and their lethal effects on
Xiphinema americanum

. GS / gram seed LD 50 ppm. Slope (+/- S.E)

Cultivar (umoles) (95 % C.L)

Rondo Turnip 33.6% 1.930 (1.16-2.70) 3.00a (0.47)
Wild Mustard 33.6 0.202 (0.10-0.30) 2.60a (0.41)
Humus 78.4 1.320 (1.05-1.59) 2.79a (0.36)
Westar 25.6 1.350 (0.82-1.88) 2.89a (0.42)
Parkland 6.4 1.340 (1.08-1.16) 3.73a (0.61)
Tobin 32 0.188 (0.08-0.30) 2.15a (0.29)
Liborius 3.2 0.193 (0.14-0.24) 2.75a (0.31)
Rangi Rape 43.2 0.854 (0.66-1.05) 3.03a (0.48)
Swede 544 0.880 (0.63-1.13) 2.38a (0.25)
Cutlass 99.2 1.360 (0.87-1.85) 2.06a (0.34)
Dwarf Essex 64.0 2.020 (1.21-2.83) 2.44a (0.34)
Ceres 16.0 1.360 (0.91-1.81) 2.72a (0.39)
Ochre 48.0 0.387 (0.31-0.47) 2.78a (0.32)
Forge 64.0 1.071 (0.79-1.35) 2.78a (0.32)

“Results are the averages of two tials with four replicanons each with 10 nematodes.
T Slopes followed by the same letter are not significantly different (P<0.05) from each

other according to the Tukey-Kramer Test.
240 nematodes were tested for each cultivar
Control mortality out of 40 nematodes ranged from 0-2.

3
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Table 3. Glucosinolate (GS) concentration of Brassica seeds and their lethal effects on
Xiphinema americanum and Caenorhabditis elegans

LD 50 gpm Slopet
(95 % C.L.) (+/- S.E)
GS /g seed
Cultivar (pmoles) X. amer. C.elegans  X. amer. C. elegans
Humus 78.40 1.33 4.00 2.70ab 11.78d
(1.05-1.63) (3.65-4.29) (0.36) (1.53)
Tobin 3.20 0.19 2.59 2.15a . 5.81bc
(0.08-0.33) (1.52-3.32) (0.29) (0.89)
Cutlass 99.20 1.37 481 2.06a - 8.34cd
(0.87-1.98) (4.20-5.41) 0.27) (1.07)
Ochre 48.00 0.39 - 3.52 2.78ab 6.02bc
(0.31-0.48) (3.04-3.98) (0.36) (0.74)

Results are the averages of two trials with four replications each with 10 nematodes.

t Slopes followed by the same letter are not significantly different (P<0.05) from each
other according to the Tukey-Kramer Test..

240 nematodes were tested for each cultivar

Control mortality out of 40 nematodes ranged from 0-2.
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APPLE: Malus domesgtica ('Rome Beauty') K. D. Hickey, J. May, and E. McGlaughlin
Apple scab; ¥Ventuxia i i PSU Fruit Research Laboratory
Powdery mildew; Podosphaera leucotxricha Biglerville, PA 17307-0309

Sooty blotch; Gloeodes pomigena
Fly speck; Zygophiala jamaicensis

DISEASE INCIDENCE ON FUNGICIDE PROGRAMS APPLIED AT 55 AND 66 PERCENT TRV RATES, 1993: Fungicide programs applied
with an airblast sprayer were evaluated when rates were adjusted to match specific tree size and recommended amounts.
Specific fungicides or combinations were applied during various tree phenophases when infections of different pathogens
occurred. The test oxchard was composed of mature well-pruned trees of 'Rome Beauty'/seedlings planted 25 x 30 ft and
pruned to a height of 12 ft. Trees were 18 ft wide and the calculated tree-row volume (TRV) was 313,632 ft3 or 55% of a
standard orchard (trees 18 ft high, 22 ft wide, and planted 30 ft between rows, TRV 574,992 ft3). Fungicide rates used
were adjusted at 55% of standard recommended rates for Pennsylvania in six fungicide programs and at 66% in six
additional identical treatments. Test plots consisted of double trees arranged in a randomized complete block design
with four replicates bordered by nontreated plots between and adjacent to the treated trees. The fungicides were
applied as concentrate sprays at 50 gals/A with a commercial orchard airblast sprayer (Metters Model 36) operated at 2.5
mph with a manifold pressure of 200 psi. Sprays were applied under still air and low evaporation conditions to minimize
spray drift and improve coverage. The treatments were applied as complete protective sprays at 5-8 da intervals between
half-inch green and first cover phenophases and at 12-14 da intervals during the cover sprays, except in programs where
the third and fourth cover sprays were omitted. The interval between the last spray (seventh cover) and harvest (18
Oct) was 63 da. Apple scab and powdery mildew inoculum levels were moderate to high in the test orchard and
environmental conditions were favorable for high disease incidence. There were 11 primary apple scab infection periods
that occurred between 16 Apr (1/4" Green) and 1 Jul (fourth cover) as determined by a Neogen apple scab predictor using
the Modified Mills Predictive model. Five infections occurred before first cover. A2 dry period between 4 Jul and 28
Jul (0.59 in of rainfall) was unfavorable for disease development. The return of above normal rainfall and warm
temperatures (means 70.8° F) in Aug and Sep was favorable for development of sooty blotch and fly speck on fruit. Scab
and mildew incidence on terminal leaves was determined by observing all leaves on 10 vegetative terminals/tree on 28-30
Jun. Vegetative terminals observed were flagged and the youngest unfolded leaf marked on 25 May to distinguish the
periods up to and after first cover. Disease incidence on fruit was determined by observing 100 fruits/replicate at
harvest on 18 Oct. All data obtained were analyzed by analysis of variance using appropriate transformations and the
Tukey-Kramer HSD test for significance (P < 0.05).

Scab incidence was relatively high under the favorable rainy conditions that occurred during Apr and May.
Nontreated terminal leaves showed 85% infection by the first cover period (25 May) with additional infections occurring
through the third cover. Most fungicide programs provided fair to good scab control at TRV rates of 55 and 66% of
recommended rates. There was no significant difference in scab control between the two rates among the six programs on
leaves and fruit. The weakest programs for scab and mildew was the mancozeb plus Topsin-M. This failure was probably
due to the presence in the test orchard of a strain of Venturia inaequalis resistant to the benzimidazoles. The program
containing ziram as the protectant with Nova provided fair control of scab. Mildew control was commercially adequate on
all treatments of either Nova or Rubigan, but the level of control was significantly higher on some of the Nova
treatments., Fruit scab levels were higher than desirable on most treatments, but all would likely provide acceptable
commercial control under low inoculum conditions. Sooty blotch and fly speck incidence was relatively high on the
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Table 1. Disease Incidence on 'Rome Beauty' Sprayed with Seasonal Fungicide Programs Applied Concentrate at Tree Row
Volume Rates of 55 Percent in 1993. Penn State Fruit Research Laboratory. Biglerville, PA.
~Percent Disease Incidence
Apple Scab B. mildew Exuit

55% TRV Rates Applic __ Terminal Leaves =~ Fruit at Terxm. lvs. Sooty Fly
Fungicides and Rate/A* Timing GT -1C 2C - 3C GT - 3C Harvest GT - 3C blotch  speck
Syllit 65W 9.9 oz +

Spray 0il 6E 2.75 gal 1/2"-Green
Nova 40W 2.2 oz +

Syllit 65W 9.9%oz Open-cluster
Nova 40W 2.2 oz Bloom
Nova 40W 2.2 oz +

Polyram 80W 1.6 1b PF, 1C, 2C
Captan S50W 3.3 1b 6C, 7C .ieveicennn . 6.3a** 2.4a 5.1a 6.3a 1.7ab 2.0a ?.8a
Dithane 7S5DF 1.6 lb +

Spray 0il 6E 2.75 gal 1/2"-Green
Nova 40W 2.2 oz +

Dithane 75DF 1.6 1lb oc, B, PF, 1C, 2C
Captan 50W 3.3 1b sc, 6C, 1C......... ~ 9:.:9ab 1.%a 7.8ab 6.3a 3.6abc 20.0a 7.0a
Penncozeb 75DF 1.6 lb +

Spray 0il 6E 2.75 gal 1/2"-Green
Topsin-M B85WDG 3.3 oz +

Penncozeb 75DF 1.6 1lb oc, B, PF, 1C, 2C
Ziram 76W 3.3 1lb 5C, 6C, 7C ....... .. 31.5e 14.0cd 27.1e 21.3a 24.4e 0.5a 5.0a
Syllit 65W 9.9 oz +

Spray Oil 6E 2.75 gal 1/2"-Green
Rubigan 1E 4.4 f1l oz +

Syllit 65W 9.9 oz oc
Rubigan 1lE 4.4 fl oz +

Polyram 80W 1.6 1lb B, PF, 1C, 2C
Ziram 76W 3.3 1lb 6C, 7C ... .o 7.9ab 2.4a 6.6ab 7.8a 11.4d 1.3a 5.0a
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S2% TRV Rates
Fungicides and Rate/A*

Applic
Timing

Percent Disease Incidence

Apple Scah P. _mildew Fruit

— Terminal leaves ~~ Fruit at Term, lvs, Sooty Fly
GT -1C 2C - 3C GT - 3C Harvest GT - 3C blotch speck

Z2iram 76W 1.6 lb +
Spray 0il 6E 2.75 gal
Ziram 76W 1.6 1b +
Nova 40W 2.2 oz
Captec 4F 13.2 f1 oz
Captan 50W 1.6 1lb +
Benlate 50W 1.6 1b

Nontreated

1/2"-Green

oc, B, PF, 1C, 2C
5C

............

19.7¢ 7.2a-d 16.4bcd 20.3a 3.3a-d 0.0a 2.8a

85.1¢f 76.2e 82.8f 86.5b 48.0f 27.0b 44.8b

* Rates adjusted to 55% of recommended amounts
concentrate (airblast) in complete sprays at 5-8 day intervals through petal-fall and 14 day intervals during cover

sprays.

based on tree row volume of 313,632 ft3 and applied at S0 GPA

** Means followed by the same letter(s) are not significantly different according to Tukey-Kramer HSD (P< 0.05).

.31 1 -1 -3 13
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Table 2. Disease Incidence on 'Rome Beauty' Sprayed with Seasonal Fungicide Programs Applied Concentrate
at Tree Row Volume Rates of 66 Perxcent of Recommended Amounts in 1993. Penn State Fruit Research
Laboratory. Biglerville, PA
Percent Disease Incidence .
Apple Scab P. mildew Fruit

Ratea at 66% of Recommendatiops  Applic — — Terminal Leaves ~  Fruit at JTemm. lvs. Sooty Fly
Fungicides and Rate/A* Timing GT -1C 2C - 3C GT - 3C Harvest GT - 3C blotch  speck
Syllit 65W 11.9 oz +

Spray 0il 6E 3.3 gal 1/2"~-Green
Nova 40W 3.3 oz +

Syllit 65W 11.9%o0z Open—-cluster
Nova 40W 3.3 oz Bloom
Nova 40W 3.3 oz +

Polyram 80W 2.0 1b PF, 1C, 2C
Captan 50W 4.0 1b 6C, 7C .......... 6.8ab** 3.6ab 6.1la 6.0a 1.8a 4.2a 9.5a
Dithane 75DF 2.0 1b +

Spray 0il 6E 3.3 gal 1/2"-Green
Nova 40W 3.3 oz +

Dithane 75DF 2.0 lb oc, B, PF, 1C, 2C
Captan 50W 4.0 1b SC, 6C, 7C....... ~ 8.5ab 2.3a 7.lab 7.0a 2.9abc 1.3a 6.3a
Penncozeb 75DF 2.0 lb +

Spray 0il 6E 3.3 gal 1/2"-Green
Topsin-M 85WDG 6.6 oz +

Penncozeb 75DF 2.0 1lb oCc, B, PF, 1C, 2C
Ziram 76W 4.0 1b 5C, 6C, 7C....... 29. 6de 11.Sbcd 25.3de 13.0a 26.9% 0.0a 1.8a
Syllit 65W 11.9 oz +

Spray 0il 6E 3.3 gal 1/2"-Green
Rubigan 1E ' 5.0 £l oz +

Syllit 65W 11.9 oz oC
Rubigan 1E 5.0 fl oz +

Polyram 80W 2.0 1b B, PF, 1C, 2C
Ziram 76W 4.0 1b 6C, 7C ..ccvennn.. 10.2ab 4.0a~d 8.8ab 10.3a 7.0bcd 1l.5a 3.8a
Polyram 80W 2.0 1lb +

Spray 0il 6E 3.3 gal 1/2"-Green
Rubigan 1E 6.6 fl1 oz +

Polyram 80W 2.0 1b oc, B, PF, 1C, 2C
Captec 4F 26.4 fl oz 5C

Captec 4F 26.4 £l oz +
Topsin-M 85WDG 7.9 oz 6C, 7C.ccvvvennnen 6.6a 3.3a-d 5.8a 11.5a 8.3cd 0.3a 2.5a
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Percent Disease Incidence

Apple Scab P. mildew Fruit

Rateg at 66% of Recommendations Applic e Texminal Leaves __ ___ Fruit at Terxm. lvs. Sooty Fly
Fungicides and Rate/A* Timing GT -1C 2C - 3C GT - 3C Harvest GT - 3C blotch speck
Ziram 76W 2.0 1lb +

Spray 0il 6E 3.3 gal 1/2"-Green
Ziram 76W 2.0 1lb +

Nova 40W 3.3 oz oCc, B, PF, 1C, 2C
Captec 4F 26.4 fl1 oz 5C
Captan 50W 2.0 1b +
Benlate 50W 2.0 1lb 6C, 7C ......... 21.5¢cd 14.3d 19.8cde 21.0a 7.4a-d 0.0a 1.3a
Nontreated =@ L ieiaiicenan 85.1f 76.2e 82 .8f 86.5b 48.0f 27.0b 44.8b

* Rates adjusted to 66% of recommended amounts commonly used in Pennsylvania orchards and applied at 50 GPA
concentrate (airblast) in complete sprays at 5-8 days intervals through petal-fall and l4-day intervals during cover

sprays.
** Means followed by the same letter(s) are not significantly different according to Tukey-Kramer HSD (P< 0.05).

J -3 -3 -3 -3 .3 _3 -1 .31 1 3 -3 -3 .31 3 _1 3 3
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APPLE: Malus domeatica ('Golden Delicious', 'Red pelicious’, 'Commander York') K. D. Hickey, J. May, and E. McGlaughlin
Scab; Venturia inaequalis PSU Fruit Research Laboratory

Powdery mildew:; Podosphaera leucotricha Biglerville, PA 17307
Sooty blotch; Gloeodes pomigena
Fly speck; Zygophiala jamaicensis

EVALUATION OF FUNGICIDES AT TRV RATES IN HIGH DENSITY APPLE PLANTINGS, 1993: Tree-row volume rates of fungicides

applied in a seasonal spray program for control of apple scab, sooty blotch, and fly speck were evaluated under
favorable conditions for disease development. Two recommended rates of Nova 40W (4.0 and 6.0 oz/A), used in combination
with Dithane 75DF (3.0 lbs/A) for scab control and two rates of Captan S50W (3.0 and 4.0 lbs/A) combined with Topsin-M
85WDG (12.0 oz/A) during the summer sprays for sooty blotch and fly speck control were evaluated. The two fungicide
programs were applied in a 16-year old high density experimental oxchard which consisted of 10 one-half acre plots of 5
tree~-planting systems (2 replicated blocks of each system). One or two entire rows of trees in each half~acre block was
not sprayed for the entire season and served as the nontreated control. The randomized half-acre plots of each planting
system served as five replicates for each of the treatments. Each plot was planted to 'Commander York', 'Red Chief
Delicious', and 'Golden Delicious' which were well-pruned and the oxchard floor well managed. Fungicide rates were
adjusted to match tree size and were applied as concentrate sprays from alternate-row middles with a conventional
orchard airblast sprayer (Metters Model 36) adjusted at a manifold pressure of 200 psi. Eighteen alternate-side
applications (one side only) were made between 15 Apr (1/4" green) and 24 Aug (7th cover, 2nd half) at 4-7 da intervals
(mean 6.3 da). The sprayer was calibrated to deliver 50 gal/A (both sides) when operated at a ground speed of 2.5 mph.
Adjustments in manifold pressure or nozzle size were made when necessary to change delivery rate to match variable tree
row spacing among the half-acre plots in order to provide for the proper amount in each plot. Tree-row volume of the
five systems varied somewhat, but all were approximately 227,952 £t3 requiring 40% of recommended amounts. The
incidence and severity of apple scab was determined on each of the cultivars. Incidence of infection on cluster leaves
of 'Delicious' was determined on 27-28 May by observing all leaves on five non-fruiting spurs (clusters) on each of 10
single trees/plot. Infection on terminal leaves was determined by observing on 23-26 Jul ('Delicious') and 12-13 Aug
(*York') all leaves on five terminals from each of 10 trees/plot (same trees used for cluster counts, 'Delicious').
Incidence of scab on fruit was determined by observing 500 fruits on each of five replicates (50 fruits/tree on 10
trees) on 29 Sep ('Delicious') and 25-26 Oct ('York'). Disease counts on 'Golden Delicious' and the nontreated rows of
each plot was on 200 fruits/replicate. Scab severity per fruit was determined by counting all lesions on 20 of the most
severely infected fruits/replicate. Sooty blotch and fly speck incidence on 'Golden Deliciovus' was obtained on the same
fruit sample used for scab observations. All disease observation data collected were analyzed for significance between
treatments by utilizing the T-test comparison (P=0.05).

The fungicide programs evaluated provided fair to good control of apple scab under moderately high disease pressure.

Sooty blotch and fly speck incidence was low on the nontreated trees and the treatments provided near complete control.
Differences in control of all diseases between the two programs were not significant. The level of scab control was
below that acceptable by commercial apple producers, but the disease pressure was much higher than in commercial
orchards. Scab level differences between the two Nova 40W rates among the five planting systems having variable tree
rows/plot (5-9) were not significant. Scab incidence was higher on three of the planting systems receiving the higher
rate. Scab levels were higher in this orchard in 1993 than on similar programs applied in 1992 under lower disease
pressure.
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Disease Incidence on Apple Treated with Fungicide Spray Programs Applied Concentrate at Tree Row Volume Rates in a High

Densgity Orchard in 1993.

Penn State Fruit Research laboratory.

Percent Disease

____ Percent Apple Scab Incidence : on 'G. Del®

Nova 40W 2.4 oz** +
Dithane 75DF 19.2 oz
Nova 40W 2.4 oz

TC,0C, B, PF, 1C, 2C

Application Cluster Lvs Terminal Lvs Fruit Sooty Fly
Fungicide and Rate/A Timing "Delicious’ '‘Del' 'York' 'Del' 'York' 'G. Del? blotch speck
IRY Rates at 40% of Recommendations
Dithane 75DF 19.2 oz +
Spray 0il 6E 2.0 gal 1/2"-Green
Nova 40W 1.6 oz +
Dithane 75DF 19.2 oz TC,0C,B,PF,1C,2C
Nova 40W 1.6 oz 3C
Captan 50W 19.2 oz 5C
Captan 50w 19.2 oz +
Topsin~M 85WDG 4.8 oz 6C,7C ...... . 16.8a* 6.7a 6.6a 7.8a 2.9a 5.9 0.3a 0.2a
Dithane 75DF 19.2 oz +
Spray Oil 6E 2.4 gal** 1/2"-Green

Captan 50W 25.6 oz** 5C
Captan 50W 25.6 oz +
Topsin-M 85WDG 4.8 oz 6C,7C ....... 18.0a 7.6a 2.4a 12.3a2 2.2a 6.7a 0.9%a ‘0.5a
Nontreated @ ... RN 32.2b 51.0b 83.2b 65.6b 24.1b 50.0b 23.2b 16.2b
Means within columns followed by the same letter(s) do not differ signficantly, T-test Comparison (P=0.05).
** Rate calculated from recommended rates of 6.0 gal Superior 0il, 6.0 oz Nova 40W and 4.0 lb Captan 50W.
.1 -3 1 -1 -3 3 1 -y 3 -3 .33 .3 _1 .3 .3 3 ] 3
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APPLE: (Malus domestica 'Rome Beauty', 'Golden Delicious', 'Delicious’, K. D. Hickey, J. May, and E. McGlaughlin
'Stayman', 'Cortland!) PSU Fruit Research Laboratory

Scab; Yenturia inaequalis Biglerville, PA 17307
Powdery mildew; Podosphaera leucotricha

Sooty blotch; Gloeodes pomigena

Fly speck; Zygophiala jamaicensis

APPLE DISEASE CONTROL WITH REDUCED TRV FUNGICIDE RATES APPLIED AS COMPLETE OR ALTERNATE-SIDE SPRAYS, 1993:
Efficacy of fungicide programs applied seasonally as protective concentrate sprays was determined in an 8-year old semi-
dwarf orchard. The experimental orchard, five acres in size, was divided into four S5-row sections which were treated
separately. Each section contained 20 plots, each consisting of one tree of each of five cultivars planted 3 m apart in
sequence along the row separated by a 15 m space between plots. Spacing between tree rows was 9 m which allowed for a
minimum of spray drift. The inoculum level for the apple scab pathogen was high and environmental conditions were
highly favorable for infection with 11 primary infection periods between 16 Apr and 1 Jul. Favorable conditions for
powdery mildew incidence was moderate to light because of low density tree canopy, low inoculum levels, and only
moderately favorable environmental conditions. The fungicide treatments consisted of two rates of a fungicide program
commonly used in Pennsylvania which were applied in complete sprays from both sides of the tree or in alternate-side
applications. One rate was calculated to match the tree row volume of the test orchard which was determined to be
186,686 f£t3 or 32% of the standard recommended rates. This rate was compared to rates calculated to be 50% of the
standard recommendations. All fungicide treatments were applied at 50 gals/A (both sides) with a Metters Model 36
airblast sprayer operated at 2.5 mph and a manifold pressure of 200 psi. One half of the treatments were applied from
alternate sides with only one side of the sprayer in operation. These applications were made at more frequent intervals
than the complete sprays applied from both sides. Application dates and phenological stages for the treatments applied
as complete sprays were: 15 Apr (1/2" green), 24 Apr (tight—cluster), 4 May (pink), 10 May (bloom), 18 May (petal-fall)
28 May (1st cover), 12 Jun (2nd cover), 24 Jun (3rd cover), 4th cover omitted, 23 Jul (5th cover), S5 Aug (6th cover),
and 19 Aug (7th cover). Intervals between sprays were 6-10 da from 1/2" green through petal-fall and 13-15 days between
covers, except for the omission of the 4th cover producing a 29 da interval. Spray applications from alternate sides
were made at 4-8 da intervals through the entire season except for a 21 da interval between the 3rd and 5th covers.
Disease incidence was measured on both leaves and fruit of 3-5 cultivars. Apple scab incidence during the pre-bloom
period was determined on cluster leaves of 'Stayman' by observing all leaves on 20 nonfruiting spurs (clusters) per tree
(5 reps/treatment) on 24-26 May. Incidence was also recorded on 10 vegetative terminals/single tree on 16-19 Jul (‘'Rome
Beauty'), 2 Aug ('Golden Delicious'), and 18-19 Aug (*Delicious*’). Powdery mildew incidence on 'Rome Beauty' was also
recorded when scab counts were made. Scab incidence on fruit was determined at harvest by examining 100
fruits/replicate on 1 Sep ('Delicious'), 6 Oct ('Stayman'), 14 Oct ('Cortland'}, 5 Oct ('Golden Delicious*®) and 24 Oct
(‘Rome'), respectively. Scab severity was determined by counting all lesions on 10 of the most severely infected
fruit/replicate. Presence of sooty blotch and fly speck was also recorded on 'Golden Delicious'. All data collected
were analyzed for significance between disease incident means by utilizing the T-test comparisons (P= 0.05).
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Because of high inoculum levels and favorable environmental conditions scab incidence on all nontreated cultivars
ranged between 61 and 98% on leaves and 61 and 90% on fruit ('Cortland' not shown in Table). The fungicide programs
applied in alternate-side sprays (4-8 da intervals) at TRV rates 32% of standard recommendations was significantly
inferior for scab control on fruit to the same program applied in complete sprays (6-10 da, pre-petal fall and 13-15 da
in cover sprays). The most effective treatment was the fungicide program applied in complete sprays at the 50% of
recommended rates. This treatment was significantly superior to the TRV 32% rates {(complete sprays) on the fruit of
'"Delicious’ and the terminal leaves of 'Delicious® and ‘Rome!. The mean number of lesiona on the most severely infected
fruit was 2-13 on treated trees compared to 19-94 on nontreated trees. Differences in lesion numbers were generally not
significant among fungicide treatments. Incidence of sooty blotch and fly speck was 25.5% and 33% for nontreated trees,
respectively. All treatments allowed less than 1.0% infection.

Incidence of Scab and Powdery Mildew on Apple lLeaves Treated with Seasonal Fungicide Programs Applied Concentrate as
Alternate-Side (AS) or Complete (BS) Sprays at Reduced Tree Row Volume Rates in 1993. Penn State Fruit Research Farm,
5C Block, BiglerviLle, PA :

Percent Apple Scab Incidence % P. mildew
— Application  Cluster Lvs Temminal Lvs Fruit Term. Lvs
Fungicide and Rate/A Timing Method ‘Stayman’' 'Del' '‘Rome! 'Del' ‘Stayman' 'Rome' "Rome'
IRV Rates at 32% of Recommendations
Syllit 65W 5.8 oz +
Spray 0il 6E 1.6 gal 1/2"~-Green AS
Syllit 65W 5.8 oz Tight-cluster as
Syllit 65W 5.8 oz +
Nova 40w 1.6 oz Open-cluster AS
Nova 40W 1.6 oz +
Dithane 75DF 15.4 oz P,B,PF,1C,2C AS
Dithane 75DF 15.4 oz 3xd Cover AS
Captan 50W 20.5 oz + AS
Topsin-M 85WDG 3.8 oz 5C,6C,7C = iieeie... 40.4b* 22.3¢ 10.7b 51.8d 44 . 4¢c 9.2b 7.1ab
Syllit 65W 5.8 oz +
Spray Oil 6E 1.6 gal 1/2"-Green BS
Syllit 65W 5.8 oz +
Nova 40W 1.6 oz Tight-cluster BS
Nova 40W 1.6 oz +
Dithane 75DF 15.4 oz P,B,PF,1C,2C BS
Dithane 75DF 15.4 oz 3C BS
Captan 50%W 20.5 oz 5C, 6C,7C BS..... 25.6ab 8.7b €.6b 21.0b 19.6ab 6.4ab 2.%a
B 3 .3 __3 | _.3 1 13 3 3 N | 3 —1 .3 ._3
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Table - continued
- Percent Apple Scab Incidence % P. mildew
—Application =~ Cluster Lvs Terminal Lvs Exuit Term. Lvs
Fungicide and Rate/A Timing Method 'Stayman’ '‘Del' 'Rome' 'Del' ‘'Stayman' ‘Rome’ 'Rome '
Bate at 50% of Recommendations
Syllit 65W 9.0 oz +
Spray 0Oil 6E 2.5 gal 1/2"-Green AS
Syllit 65W 9.0 oz Tight-cluster AS
Syllit 65W 9.0 oz +
Nova 40W 2.5 oz Open-cluster AS
Nova 40W 2.5 oz +
Dithane 75DF 24.0 oz P,B,PF,1C,2C AS
Dithane 75DF 24.0 oz 3C AS
Captan 50W 32.0 oz +
Topsin-M 85WDG 6.0 oz 5¢, 6¢,7C AS.... 26.4ab 5.9ab 7.0b 33.2¢ 29.6b 7.4b 2.1la
Syllit 65W 9.0 oz +
Spray 0il 6E 2.5 gal 1/2"-Green BS
Syllit 65W 9.0 oz +
Nova 40W 2.5 oz Tight-cluster BS
Nova 40W 2.5 oz +
Dithane 75DF 24.0 oz P,B,PF,1C,2C BS
Dithane 75DF 24.0 oz 3C BS
Captan 50W 32.0 oz +
Topsin-M 85WDG 6.0 oz 5¢C, 6C,7C BS.... 13.1a 2.3a 1.7a 7.0a 6.0a 2.4ab 1.4a
Nontreated.......icerieemrennneoonesonnsoncoasansens 79.6c 97.8d 86.4c 89.5¢c 81.64 82.6¢c 20.5b

* Means within columns followed by the same letter(s) do not differ signficantly,

T-test Comparison (P = 0.05).
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APPLE: Malus domestica ('Golden Delicious', 'Red Delicious', ‘Rome Beauty') K. D. Hickey, J. May, and E. McGlaughlin
Scab; Venturia jinaequalis PSU Fruit Research Laboratory
Powdery mildew; Podosphaera leucotricha Biglerville, PA 17307-0309

Sooty blotch; Gloeodes pomigena
Fly speck; Zygophiala jamaicensis

EFFICACY OF SEASONALLY APPLIED DILUTE FUNGICIDE SPRAYS, 1993: The efficacy of seasonal fungicide spray programs in
reducing apple disease incidence was measured under favorable environmental conditions for disease development.
Inoculum for apple scab was heavy and frequent early-season rain periods resulted in 11 primary scab infection periods
between 16 Apr and 1 Jul. Rain continued into July with three additional secondary infections on 5, 17, and 19 Jul.
Overwintering powdery mildew was light coupled with relatively cool temperatures through petal-fall resulted in low
mildew infections. Sooty blotch and fly speck was favored by rain periods in August and September. The experimental
site was a mature block of semi-dwarf trees planted 30 x 35 ft and pruned to a height of 10~12 ft. Each plot consisted
of three trees, one of each cultivar planted in a group at each tree site. The treatments were arranged in a randomized
complete block design with four replicates. Treatments to developing leaves and fruit were applied as protective dilute
sprays timed at 6-8 day intervals from half-inch green through petal-fall and at 12-15 days during the post-bloom
period. Sprays were applied to the point of "complete wetness" with a high pressure sprayer operated at 400 psi and
equipped with a 9-nozzle boom which delivered 2.8 gal/tree (280 gal/A). Application dates and phenological stages of
leaf development were: 19 Apr (1/2" green), 26 Apr (open-cluster), 4 May (bloom), 11 May (petal-fall), 1lst through 6th
Cover sprays on 24 May, 7 and 21 Jun, 6 and 19 Jul, and 2 Aug, respectively. Scab development on early-season leaves
was recorded on 'Starking Delicious' cluster leaves by observing on 3-4 Jun all leaves on 20 non-fruiting
clusters/replicate tree. Total scab and mildew incidence on leaves was obtained on 'Rome Beauty' by observing on 13-14
Jun all leaves on 15 vegetative terminals/ tree. Disease incidence on fruit was recorded at harvest on 100
fruit/replicate. To measure the protectiveness of fungicide residues for sooty blotch and fly speck control, the
interval between last application and observation date was 53 days. Scab severity was measured by counting total
lesions on up to 10 of the most severily infected fruit per replicate sample. Fruit russet on 'Golden Delicious' was
determined by the Horsfall-Barratt rating scale using 20 fruits/replicate. All data obtained were analyzed by analysis
of variance using appropriate transformations and significance between means was determined by the Tukey-Kramer HSD test
(P < = 0.05).

Scab incidence on leaves and fruit was moderate to high on non-treated trees. All fungicide treatments provided
good to excellent control and differences among treatments were generally small. TD-2323 provided good control of scab
but the level was somewhat lower, but not significantly different, from the sterol-inhibitors plus protectant
treatments. Fluazinam used alone or in combination with Nova provided excellent control. The mean number of scab
lesions/fruit on the most severely infected fruits was 26 for the nontreated and ranged between 3.9 and 14.2 among
treatments and was not significantly different. The level of sooty blotch and fly speck control obtained can be
attributed to the fungicides used during the 5th and 6th cover sprays. Several treatments utilized either Benlate or
Topsin-M during this period, thus, incident levels were not greatly different. Fluazinam appeared to be very effective.
Fruit russet on 'Golden Delicious' was very low on all treated plots averaging 4.2% of the surface affected on non-
treated fruit and ranged between 1.2 and 2.8% among the treatments. Only the TD-2323 treatments used alone were
significantly better than the check.

3 31 ] 3o 3 3 1 .1 -3 1 .1 -3 .13 3 .3 .3 .1 1 __1
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Disease Incidence on Apple Treated with Fungicides Applied as Protective Dilute Sprays in 1993. Penn State Fruit
Research Laboratory. Biglerville, PA

p ¢ Di Incid

Apple Scab Summer Diseases P. mildew
Application Cluster Terminal Sooty Fly Terminal
Fungicide and Rate/100 gal Timing Lvs Inf  Fruit Lvs inf Fruit blotch  speck lvs
TD 2323~2 75.2W 21.0 oz 1/2°-Green thru 6C....... 8.0bc* 3.5a 9.3abc 1.0ab 10.0a 37.%ab 8.5a-d
TD-2323-2 75.2W 32.0 oz 1/2"~Green thru 6C....... 10.1c 4.3a 8.5abc 1.6ab 3.4a2 20.5ab 10.3b-e
TD-2323-2 75.2W 21.0 oz + .
LI 203-542 8.0 £f1 oz 1/2"-Green thru 6C....... 8.6bc 5.0a 15.6bc 0.5ab 8.2a 32.0ab 10.9cde
Nova 40W 1.67 oz + 1/2"-Green thru 2C
.Dithane 75DF 1.0 1lb B,PF,1C,2C
Captan 50W 1.5 1lb 3C,4cC
Topsin-M 85WDG 4.0 oz +
Captan 50W 1.0 1b LT o o 8.1lbc 1.8a 2.3a 0.8ab 11.5a 48.5bc 2.2ab
Nova 40W 1.3 oz +
Dithane 75DF 1.0 1lb 1/2*-G,0C,B,PF,1C,2C
Captan 50W 1.5 1b 3C, 4C
Topsin-M 85WDG 4.0 oz + :
Captan S0W 1.0 1b BC,BC. .. iiitciiiannns .. 1.7ab 1.3a 2.7a 0.3ab 17.0a 47.3bc 4.9abe
Captan 50w 2.0 1b 1/2"-G,0C,1C,2C
Aliette B80W 26.7 oz B,PF
Captan 50W 1.5 1b 3C, 4C
Benlate 50W 4.0 oz +
Captan 50W 1.0 1b SC,6C. ... ennn, Ceeeeeas 8.1bc 8.0a 22.0c 3.0ab 14.7a 31.8ab 15.3de
Rubigan 1B 3.0 £f1 oz +
Captan 50W 1.0 lb 1/2*-G,0C,1C,2C
Aliette B80W 13.3 oz B, PF
Captan 50W 1.5 1b 3c, 4C

Benlate 50W 4.0 oz +
Captan 50w 1.0 1lb Lo Y o2 2.7abc 1.6a 10. 6abc i.3ab 8.6a 28.2ab 5.3abc
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Percent Disease Incidence
Apple Scab Summer. Diseases P, mildew
Application Cluster Terminal Sooty Fly Terminal
Fungicide and Rate/100 gal Timing Lvs Inf Fruit Lvs inf Fruit blotch speck 1lvs
Fluazinam 500F 12.8 £l oz 1/2¥-G thru 6C...... ee... 4.9c 4.2a 2.9ab i.2ab 3.0a 17.7ab 9.6b-e
Fluazinam 500F 12.8 f1 oz + 1/2"-G thru 6C
Nova 40W 1.3 oz 1/2"-G,0C,B,PF,1C,2C
Benlate 50W 4.0 oz LT o T o 2.0ab 2.5a 2.3a 0.0a 1.8a 6.8a 2.2ab
Fluazinam 500F 6.4 fl oz + 1/2"-G thru 6C
Nova 40W 1.3 oz 1/2"-G,0¢C,B,PF,1C, 2C
Benlate 50W 4.0 oz 5C,6C. . i iinnanaaanas 0.0a 0.8a 2.1a 0.0a 0.8a 10.3a 2.5a
Rubigan 1E 3.0 f1 oz +
Captan 50W 1.0 1b 1/2»-G,0C,B,PF,1C, 2C
Captan 50w 1.5 1lb 3C,4C
Benlate 50W 4.0 oz +
Captan 50W.1.0 1b 5 o o 5.3bc 4.2a 8.0abc 0.3ab 4.6a 23.Bab 6.7a-d
NONELEALEA. ¢ o et v v verennecnenasascosasosssoenecasnasnnsons 47 .34 68.8b 75.1d 53.3c 90.8b 96.0c 20.3e
* Means within columns followed by the same letter(s) do not differ significantly, Tukey-Kramer HSD (P<0.05).
3 a 1 21 T i .3y .3 ..2»¥ __3 ..y .3y .3y 3 .3 ._.3 .3 .3 __13
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Hickey —- 15
APPLE: Malus domestica ('Golden Delicious', 'Red Delicious', 'Rome Beauty') K. D. Hickey, J. May, and E. McGlaughlin
Scab; Venturia jnaequalis PSU Fruit Research Laboratory
Powdery mildew; Podosphaera leucotricha Biglerville, PA 17307-0309

Sooty blotch; Gloeodes pomigena
Fly speck; Zygophiala jamaicensis

EVALUATION OF THE EFFECT OF FUNGICIDE FORMULATION OR THE ADDITION OF A SURFACTANT ON DISEASE CONTROL, 1993: <The
effect of Captan formulation or the combination of the surfactant LI 203-542 with either captan or ziram was evaluated
under favorable environmental conditions for scab and summer disease development in an experimental block having heavy
scab inoculum. The fungicide treatments were applied as dilute sprays to trees in a mature block of semi-dwarf trees
planted 20 x 35 ft and pruned to a height of 10-12 ft. Experimental plots consisted of three trees, one of each
cultivar planted in a group at each tree site. The experimental design was a randomized complete block with four
replicates. Treatments were applied to the point of "complete wetness” with a high pressure sprayer operated at 400 psi
and equipped with a 9-nozzle boom which delivered 2.8 gal/tree (280 gal/A). Applications were made on: 15 Apr (1/2"
green), 21 Apr (tight-cluster), 28 Apr (open-cluster), 6 May (bloom), 13 May (petal-fall), 1lst through 6th cover sprays
on 25 May, 7, 22 Jun, 7, 20 Jul, and 3 BAug, respectively. Intervals ranged from 6-8 days before petal-fall and 12-15
days during the cover sprays. Scab incidence during the period through petal-fall was determined on 6 Jun on cluster
leaves of 'Delicious' by observing all leaves on 25 non-fruiting clusters/replicate. Terminal leaves infected with scab
and powdery mildew was determined on 20-21 Jul by observing all leaves on 15 vegetative terminals/tree. Scab, sooty
blotch, and fly speck incidence on fruit was obtained by observing 100 frult at harvest on 27 Sep ('G. Delicious'), 2
Oct (‘Del'), and 20 Oct ('Rome'). Scab severity was checked by counting all lesions on the 10 most severely infected
fruits/treatment sample. Fruit finish on 'Golden Delicious' at harvest was determined by the Horsfall-Barratt rating
scale for percent surface affected with russet. Data obtained were analyzed by analysis of variance using appropriate
transformations and significance between means was determined by the Tukey-Kramer HSD(PL 0.05).

- All of the fungicide treatments provided highly significant control of scab on leaves and fruit under conditions
highly favorable for scab development. Frequent rains resulting in 11 primary infection periods provided ample pressure
for the protective treatments. Ziram 76W 2.0 1bs/100 gal allowed significantly more scab to develop on terminal leaves,
but the level on cluster leaves and fruit was not significantly different from other treatments. All treatments
provided equal control of fruit scab. The mean number of lesions on the most severely infected fruit was 40 for the
nontreated 'Delicious' fruit and ranged between 1.5 and 7.5 among treatments. Differences among treatments were not
significant. Differences in control of sooty blotch and fly speck were not significant among the treatments. The
incidence level on nontreated fruit was 84 and 97% for sooty blotch and fly speck, respectively. The incidence of fly
speck on most treatments was somewhat higher than that of sooty blotch in this test. The interval between the last
application and observations at harvest was 55 days which contributed to the poor performance for late season disease
control. There appeared to be no difference in performance of the two captan formulations and the addition of LI 203-
542 spray adjuvant did not improve the performance of captan or ziram. Fruit russet on 'Golden Delicious' was only 2.3%
of the surface affected on the nontreated check which was higher than any of the treatments.
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Incidence of Disease on Apple Treated with Dilute Fungicide Protective Sprays in 1993.

Laboratory. Biglerville, PA.

Percent Disease Incidence

Penn State Fruit Research

Apple Scab

P. mildew Summex Diseases

__W_m;mma__am__muma—.

Application Terminal Cluster Texminal Sooty Fly
Fungicide and Rate/100 gal Timing Lvs Inf Fruit Lvs Inf  Fruit Lvs Inf blotch speck

Ziram 76w 2.0 1b 1/2"-Green thru 6C....... 15.7¢c* 3.3a 9.3a 6.8a 28.1b 9.0ab 31l.8a
Captan 50W 2.0 1b 1/2"-Green thru 6C....... 3.5a 1.3a 10.5a 11.8a 18.5p " 29.2b 59.4ab
Captan 75WDG 1.33 1lb 1/2"-Green thru 6C....... 5.1ab 1.Ca 14.5a 7.1a 24.7b 14.7ab 54.2ab
Captan 50w 1.0 1b + 1/2~-G,0C, B, PF, 5C, 6C

Nova 40W 1.3 o=z 1/2*-G,0C,B,PF
Captan 50W 1.5 1b 1C,2¢C,3¢C, 4C
Topsin-M 85WDG 4.0 oz SC,B6C. . i iitiiiiiieane 1.7a 0.5a 6.0a 0.7a 5.8a 5.7ab 25.3a
Captan 75WDG 10.7 oz + 1/2*-G,0C, B, PF, 5C, 6C

Nova 40W 1.3 oz 1/2»-G,0C,B,PF
Captan 75WDG 1.0 1lb 1¢,2¢C,3C,4C
Topsin-M 85WDG 4.0 oz 5C,6C. ...t iieiiiannnn . 2.1a 0.3a 11.2a 3.8a 5.8a S5.6ab 20.5a
Captan S0W 2.0 1b i/2»-G,0C,B,PF, 1C, 5C, 6C
LI 203-542 8.0 £l oz 1/2°-G thru 6C
Captan 50W 1.5 1b 2C,3C,4C. ..t iieiie i 3.9a 1.5a 14.0a 4.9%a 15.2ab 2i.6ab 57.5ab
Ziram 76W 2.0 1b 1/2"-G,0C,B,PF,1C,5C, 6C
LI 203-542 8.0 f1 oz 1/2"-G thru 6C
Ziram 76W 1.5 1b 2C,3C,4C. ... h... ee--. 13.7bc 3.8a 15.0a 11.8a 20.5b 4.3a 20.0a
Nontreated ........ccieiiiennncoancnnssosnons tiecessannan 70.5d 58.8b 73.0b 86.8b 24.6b 83.8c 96.8b

* Means within columns followed by the same letter(s) do not differ significantly, Tukey-Kramer HSD (P<0.05).
2 -1 .3 .31 13 3 .1 - 3 __13 3 ] 3 i .3
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APPLE: (Malus domestica ‘Rome Beauty') K. D. Hickey, G. G. Clarke, J. May, and E. McGlaughlin
Fire Blight; Erwinia amylovora PSU Fruit Research Laboratory
Biglerville, PA 17307-0309

EVALUATION OF BACTERICIDES FOR CONTROL OF FIRE BLIGHT BLOSSOM INFECTIONS, 1992-93: The efficacy of bactericidal
sprays applied during bloom for preventing fire blight blossom blight was evaluated in two experiments in 1992 and 1993
in a block of mature ‘Rome Beauty® trees located near Fairfield, PA. Fire blight occurred annually in this block
previously for five or more years. Trees were heavily pruned during dormancy to remove previously infected branches.
Treatment units consisted of 2-tree plots arranged in a randomized complete block design with four or five replicates.
Bactéericides were suspended in water and applied to the point of "complete wetting™ at 3.0 gallons/tree (300 gpa) with a
single-nozzle spray gun at 400 psi. Blossom inoculations were made 24 (1993) and 48 (1992) hours after the last
application and consisted of swabbing all open blossoms in each of five (1992) or 10 (1993) blossoming clusters/tree
with a suspension of E. amylovora. Inoculum was prepared by suspending cells from l-day old cultures grown on nutrient

agar into phosphate buffer and adjusting to 1 X 102 cfu/ml in 1992 and 1 X 10% in 1993. Blossom clusters were
terminally located and marked for easy identification. The percentage of inoculated blossoms which developed typical
blight symptoms was determined 2-3 weeks after inoculation. The length of blighted stem area resulting from
inoculations was determined 28 (1992) and 40 (1993) days after inoculation. Treatments were applied in 1992 on 23 Apr
(open—cluster), 28 Apr (pink), and 4 May (full-bloom), 17, 8, and 2 days before inoculations, respectively.
Applications in 1993 were made on 1 May (pink) and 5 May (full-bloom), 6 and 1 days before inoculations, respectively.
A determination of the number of naturally occurring blossom infections on each tree in each of the two experiments was
made on 2 Jul (1992) and 14 Jun (1993). BAll data were subjected to the analysis of variance using appropriate
transformations and differences between means were tested using Tukey-Kramer HSD {P < 0.05).

In Experiment 1, temperatures during the blossoming period were generally below 60° F, but two rain periods

favorable for blight development with temperatures 65° F or above occurred during late-bloom on 13 and 15-17 May.
Natural blossom blight infections on nontreated trees in 1992 were low with only 1.0 infection/tree. In this
experiment, 85% of the nontreated inoculated blossom clusters became infected. The percent blighted blossom clusters on
Aliette 80W treated trees (78-81%) was not significantly different from nontreated trees, while only 12.5% of the
inoculated clusters blighted in trees treated with streptomycin. The length of the blighted area on shoots treated with
three sprays of Aliette at 20 0z/100 gal was significantly less than on the nontreated shoots. Blossom development in
1993 was very rapid with only five days between and pink and full-bloom stages. Petal-fall was evident on some of the
blossoms during inoculation which was only six days after the pink spray was applied. A highly favorable fireblight
infection period occurred on 5 May, starting three hours after the full-bloom application was finished and one day
before inoculation. Temperatures ranged from 65-79° F during the 24 hour period following blossom inoculation. Even
though favorable conditions occurred, only a mean of 1.0 natural infections/tree occurred. Only 22.5% of nontreated
inoculated blossoms showed shoot infection. Infections from inoculated clusters on treated trees were not significantly
different from the check. The length of the blighted area on infected shoots was not significantly different among the
treatments in 1993. Results obtained in these tests during two seasons strongly suggest that Aliette had no significant
effect in preventing blossom infections and subsequent colonization of shoots when used in two or three blossom
applications. Inoculum levels used were optimum in 1992 and marxginal for blossom infection in 1993. Natural infection
was light during both seasons, and inadequate to evaluate treatments effects on natural field inoculum levels.
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Incidence of Fire Blight on 'Rome Beauty' Apple Trees Sprayed with Blossom Treatiment in 1992-93. Penn State
Fruit Research Laboratory.

Experiment 1 (1992)

Application _% Cluster Infected Length of
Bactericide and Rate/100 Gal Timing Inoculated? Natural blight (cm)?
Aliette BOW 10.0 OZ .uvvvvvrernrnnnennnannannncans P, B 80.5b° 1.1a 4.2abc
Aliette B0W 20.0 0z .......... Cecteceasescasasananennenas P, B 80.5b 0.9a 2.9ab
Aliette BOW 20.0 0Z ...c.vierervenncnencacans Ceeaaene cen oc, P, B 77.5b 0.6a 2.1a
Agri-Mycin 17 8.0 oz ...... feceescanes Ceesccscescasnceans P, B 12.5a 0.% 4.3abc
Nontreated ........cecevecncescssnsosescss e ceen 85.0b 1.0a 4.8bc
Experiment 2 (1993)
Aliette BOW 10.0 0Z .....cuovrvreeioacnannaanns ceeenans e P 28.8a 0.5a 11.8a
Aliette B80W 20.0 02 ....ciiiiiciretrocscnencnanonaana e P, B 37.5a 1l.4a 12.6a
Aliette B0W 20.0 oz ..... ceeeraann ceceescacancnasensanas P 32.5a l.4a 10.1a
Agri-Mycin 17 8.0 0Z ....ccieieeansannosensancnsansenses P, B 42.5a 1.0a 12.7a
Water Sprayed ...viverecrvrcnivonssscnnans Cecereseresnons P, B 22,.5a 1.0a 10.1a
1 Applied at phenological stages: open-cluster (OC), pink (P}, and full-bloom (B).
2 Blossom cluster inoculated by swabbing E. amylovora onto open blossoms.
3 Total number of blighted shoots per tree.
4 Length of blighted stem area 28 days (1992) and 40 days (1993) after inoculation.
5 Means followed by the same letter(s) are not significantly different, Tukey-Kramer HSD (P=<0.05).

3 .3 -3 .3 .1 .3 .31 3% .31 ..y 3y .3+ 3y 3 __3 3 3 __13
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APPLE: Malus domestica ('Red Delicious', ‘'Rome Beauty') K. D. Hickey, J. May, and E. McGlaughlin
Apple scab; Venturia inaegualis PSU Fruit Research Laboratory

Biglerville, PA 17307-030G9

EVALUATION OF THREE PREDICTIVE APPLE SCAB MODELS FOR TIMING POST-INFECTION FUNGICIDE SPRAYS IN 1992-93. The
effectiveness of post-infection sprays of Nova 40W plus Captan 50W when applied as directed by three apple scab infeclLion
models were evaluated in the same orchard in 1992 and 1993. The experiment was conducted in a mature block of trees planted
30 X 36 ft and well-pruned to a height of 15 ft. Each tree was grafted to each of Lhree cultivars which composad
approximately 1/3 of the tree. Treatments were arranged in a randomized complete block design with four 3-tree replicates
{each with the three cultivars). The fungicide treatments were applied as dilute sprays to the point of “"complete wetness"®
with a high pressure sprayer operated at 400 psi and equipped with a 9-nozzle boom which delivered 2.8 gal/tree (280 gal/A).
The three apple scab models were built into the Neogen Envirocaster and were as follows: Standard Mills (Mills 1951), based
on temperature and length of leaf wetness; Modified Mills (Jones, 1980), based on temperature, wetness, and relative
humidity; and Revised Mills (MacHardy, 1989), same as Modified except wetting periods that began during the nocturnal period
{2100-0500 hr) were not counted in wetness duration. The Nova 40W rate was determined by the level of scab severity
predicted by each model and was used at 1.5 0z/100 gal when infection periods were low to moderate, and was increased to 2.0
02/100 gal when the infection periods were high. The scab inoculum level was high in the experimental orchard and
environmental conditions were favorable for scab infections. 1In 1992 eight infection periods occurred from 1/2° green thru
5th cover and all but two were rated high. 1In 1993, five post-infection sprays were applied to cover for nine infectin
periods that occured from 1/2* green thru 3rd cover and the Nova 40W rate was 1.25 0z/100 gal in three of the five
applications. Application timing ranged form 40 to 125 hours from the beginning of the infection period, but most sprays
were applied at 70-98 hours post-infection. Infectins that occurred within five days following an application were
considered protected against by the previous spray. Protective fungicide treatments were applied for the remainder of the
season. Scab incidence on leaves and fruit was determined to measure both the efficacy of post-infection applications and
seasonal differences in the models. Incidence on cluster leaves of 'Delicious' was determined on 15 (1992) or 25 (1993)
non-fruiting spurs by examining all leaves on 9 Jun (1992) or 21-23 Jun (1993). Scab incidence on terminal leaves of 'Rome
Beauty' was determined on 15 vegetative terminals/tree on 5 Aug (1992) and 30 Jul (1993). Fruit infection at harvest with
scab was determined by observing 100 fruit/tree on: ‘*Delicious', 10 Sep (1892) and 7 Oct (1993); ‘*Rome Beauty', 10 Sep
{1992) and 19 Oct {1993). 1Incidence of scab on leaves and fruit treated with a protective spray schedule of Nova plus
captan was determined in an adjacent orchard for comparison between the two programs. The data were analyzed by analysis of
variance using appropriate transformations and significance between means was determined by the Tukey-Kramer HSD tests (P =
< 0.05).

Scab incidence on leaves and fruit was similar for the three scab models. In 1992 all models predicted the same level
of infection at each infection period except one period on 20 Jul (5th cover when the Standard Mills predicted a moderate
infection and the Modified and Revised Mills predicted a high infection. Differences in scab control among the models were
not significant. Scab infection periods in 1993 were less severe with only two rated as high. Only five post-infection
applications were applied thru 3rd cover and Nova 40W 1.25 oz plus Captan 50W 1.0 1lb was used in all post-infection
applications except two. Scab control on cluster leaves of 'Delicious' was poor ranging from 20.3 to 42.5% infection among
the models. The level of terminal leaf infection on 'Rome Beauty' was similar to 1992. Differences on 'Rome Beauty' fruit
were not significant and the level of control was acceptable considering the high inoculum level in the test orchard. The
level on ‘'Delicicus‘ was higher than on 'Rome Beauty'. Nova 40W used along in post-infection applications provided scab
control that was significantly lower than when combined with Captan 50W. The incidence of scab on terminal leaves and fruil
of ‘Pome Beauty' in an adjacent orchard treated with a protective program of Nova 40W plus a preotectant at similar rates in
seven applications was 2.1% and 0.3%, respectively. With a similar program in 1992 using nine protective sprays, scab
incidence on terminal leaves and fruit on ‘Rome Beauty' was 3.4 and 1.3%, respectively. The results in these experiments
show that differences among the chree apple scab models in predicting infection periods were seldomly differeut and
generally not significant.
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Scab Incidence on Apple Treated with Post-Infection Sprays of Nova 40W Plus Captan 50W Timed with a Neogen Envirocaster
Equipped with Three Predictive Apple Scab Infections Models in 1992-93. Penn State Fruit Resarch Laboratory.
Biglerville, PA.

Percent Scab Incidence

Scab Models Clustexr LVs Terminal Lvs Fruit
__Rate/100 agal for Predicted ‘Delicious' 'Rome’ ‘Delicious’ 'Rome*
Fungicide 1992* 1993** Sprays*** 1992 1993 1992 1993 1992 1993 1992 1993
Nontreated - - - 80.0b 69.5c 98.9b 77.1c 100.04 99.8d 100.0b 88.8c
Nova 40W + 2.0 oz 1.25 oz
Captan 50W 1.0 1b 1.0 1b Standard 1.5a 42.5bc 12.4a 9.9ab 16.0ab 18.0ab 22.0a 8.0a
Nova 40W + 2.0 oz 1.25 oz
Captan 50W 1.0 1b 1.0 1b Modified 3.0a 20.3a 13.2a 4.4a 13.8a 11.0a 24.5a 8.5%a
Nova 40W + 2.0 oz 1.25 oz
Captan 50W 1.0 1b 1.0 1b Revised 5.3a 40.5ab 9.5a 9.7ab 31.8bc 24.5b 19.3a 7.0a
Nova 40w 2.0 oz 1.25 oz Modified 1.8a 42.0bc 21.7a 21.5b 43.8c 59.0c 34.8a 26.3b
* Nova 40W 1.25 oz was applied when predicted infection periods were rated moderate or low on 29 May (lst cover and

20 Jul (5th cover).

*k Nova 40W 2.0 oz was applied on 7 May (bloom) and 20 May (petal-fall) when a high and moderate infection period
occurred, respectively.

*** gSeab infection models used were: Standard Mills, based on temperature and length of leaf wetting; Modified Mills,
based on temperature, wetting, and relative humidity; and Revised Mills, same as Modified Mills except wetting
periods that began during the nocturnal period (2100-0500 hours) were note counted in duration of leaf wetness.
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PEACH: (Brunus persica 'Redhaven’', 'Sunhigh') K. D. Hickey, J. May and E. McGlaughlin
NECTARINE: (Rrupus persica var nectarina 'Summer Beaut') PSU Fruit Research Laboratory
Brown rot; Monilipia fructicola Biglerville, PA 17307-0309

Rhizopus rot; Rhizopus sp.

FRUIT DECAY INCIDENCE ON PEACH AND NECTARINE TREATED WITH FUNGICIDE SPRAYS, 1993: Fungicide treatments were
evaluated for control of brown rot and Rhizopus rot when applied as dilute sprays. Treatments were applied to well-
pruned 7 year old trees planted 30 ft between rows in an experimental planting consisting of 3-tree plots (one of each
cultivar of 'Redhaven' and 'Sunhigh' peach and one ‘Sumnmer Beaut' nectarine). Trees were spaced 10 ft in the row with
the nectarine planted between the two peach. Natural inoculum was light, but Monilipia fructicola conidia (2 x 105
conidia/ml) were atomized on open blossoms of all plots in late bloom on 5 May. Fungicides were applied as dilute
sprays to the point of "complete wetness"™ using two gallons/tree (200 gal/A) with a high pressure sprayer equipped with
a 6-nozzle boom and operated at 400 psi. Some treatments were made in 12 spray applications, while others were applied
at critical times for brown rot development at pink (24 Apr), bloom (29 Apr), petal-fall (5 May), 7 da (3 Aug,
'Redhaven' and 17 Aug ('Sunhigh') and 1 da (9 Aug, 'Redhaven' and 24 Aug, 'Sunhigh') before harvest. Sulfur 90W 5.0
1bs/100 gal was applied during the cover period after petal-fall on plots receiving limited applications. Incidence of
brown rot and Rhizopus rot was determined on separate fruit samples of "firm ripe™ fruit at harvest. Two sets of 20
uniformly ripe fruit/replicate were harvested on 10 Bug ('Redhaven' and 'Summer Beaut') and 25 Aug ('Sunhigh') and
Placed stem-end down on paper packing trays and located in separate holding areas. Fruit samples from all plots were
inoculated with each of the brown rot and Rhizopus pathogens. Conidia of Monilinia fructicola were removed from frozen
peach halves previously inoculated with an isolate sensitive to the test fungicides, suspended in deionized water at 6 x
10% conidia/ml, and uniformly atomized over all fruit samples. Rhizopus inoculum was collected from sporulating fruit
previously inoculated with a local culture and prepared similarly and applied at 1 x 105 conidia/ml. Inoculated fruit
were incubated under polyethylene tarp at 74-83° F (mean 78° F) and RH 82-100% (mean 90%) before incidence readings
were made at 2, 4, and 6 da for brown rot and 4, 6, and 9 da for Rhizopus. Infected fruit showing sporulation were
removed after each observation to prevent additional inoculations and spread. The data were subjected to analysis of
variance using appropriate transformations and the significance among means was determined by the Tukey-Kramer HSD test
(P< 0.05).

Only a few brown rot blossom blight infections were found on all trees in the test orchard, although the rain period
following inoculation on 5 May was 24 hours duration at 60° F. On fruit, brown rot developed progressively between
observations made on the 2nd, 4th, and 6th da after inoculation. Disease levels were somewhat similar for the three
cultivars. At 2 da (not shown for 'Redhaven’ and 'Summer Beaut'), incidence was low on all treatments including the
nontreated check. Differences among treatments at 4 and 6 da were not significant on 'Redhaven’. Captan 50W, Rovral
4F, Botran 75WDG, and the combination of Botran plus captan performed poorly on the 'Sunhigh' with differences among
means being not significant from the nontreated check. These treatments, however, provided significant reduction in
brown rot on the ‘Summer Beaut' nectarine. Orbit 41.8 Gel, and RH-7592 provided the highest level of brown rot control
and was the most consistent in performance across the three cultivars. There was no treatment effect against Rhizopus
on the 'Sunhigh' samples. Significantly lower incidence of Rhizopus at 6 da incubation occurred on 'Redhaven' treated
with Orbit, RH-7592, and Rovral and all treatments were better than the check 9 da after inoculation.
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Brown Rot and Rhizopus Rot on Peach/Nectarine Fruit Treated with Fungicide Spray Programs Applied Dilute in 1993. Penn
State Fruit Research Laboratory. Biglerville, PA.

— Pexcent Fruit Decay Following Variable Incubation Periods (Rays)

Brown Rot Rhizopus Rot
lBedhanant ls“me: Bga“t ] 1] 4 T lsnnh]' ghl 1] Bedhﬁllen'
Fungicide and Amt/100 gal 4 da 6 da 4 da 6 da 3 da 6 da 3 da 6 da 6 da 9 da

Orbit 41.8 Gel 2.0 fl ozl
Sulfur 90w 5.0 1b2..... teeeeeesn-... 4.0a% 12.0a 7.0a 12.0abc 3.0abc 20.0ab 29.0a 85.0a 9.0a 21.0a
RH-7592 2F 3.0 f1 oz +

Latron B-1956 3.0 f1 oz3....... .. 1.0a 5.0a 1.0a 2.0ab 0.0a 13.0a 9.0a 63.0a 0.0a 9.0a
RH-7592 75W 1.0 oz +

Latron B-1956 3.0 f1 oz3......... 1.0a 4.0a 1.0a 1.0a 1.0ab 14.0a 13.0a 67.0a 2.0a 13.0a
Botran 75WDG 1.3 1bl

Sulfur 90W 5.0 1b2%................ 13.0ab 21.0ab 19.0a 31.0¢c 12.04 49.0bc 6.0a 79.0a 10.0ab 35.0a

Botran 75WDG 12.0 oz +
Captan 75WDG 12.0 ozl
Sulfur 90W 5.0 1b2................. 15.0ab 23.0ab 22.0a 34.0cd 11.0cd 64.0c 13.0a 84.0a 13.0ab 27.0a

Rovral 4F 8.0 fl oz +
CS-7 4.0 f1 oz!

Sulfur 90W 5.0 1b2...... creceteeeen 9.0ab 17.0ab 15.0a 24.0bc 15.04d 56.0c 13.0a 62.0a 9.0a 32.0a
Captan 50W 2.0 1b3..... ceesesiesans 2.0a 13.0a 25.0a 32.0¢c 8.0bcd 45.0bc 10.0a 55.0a 12.0ab 39.0a
Nontreated........... et eetaeaean 36.0b 55.0b 68.0b 72.0d 24,04 73.0c 10.0a 75.0a 36.0b 81.0b

Fungicide treatment applied at the pink, bloom, and petal-fall stages and at 7 and 1 da before harvest.
Fungicide treatment applied at the shuck-split, shuck-fall, and five cover sprays.

Fungicide treatment applied for entire season in 12 applications from pink through one day of harvest.

Means followed by the same letter(s) are not significantly different according to the Tukey-Kramer HSD (P<0.05).
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CHERRY: (RED TART Prunus ceraus ‘Montmorency’) K. D. Hickey, J. May and E. McGlaughlin
Brown rot; Monilinia fructicola PSU Fruit Research Laboratory
Cherry leaf spot; Coccomvces hiemalis Biglerville, PA 17307-0309

Powdery mildew; Podosphaera clandestipa

BROWN ROT, LEAF SPOT, AND POWDERY MILDEW CONTROL ON TART CHERRY WITH FUNGICIDE TREATMENTS, 1993: Fungicide
treatments applied seasonally in nine applications were evaluated for control of brown rot, leaf spot, and cherry
powdery mildew. Environmental conditions were moderate to highly favorable for disease development during the growing
season. Inoculum levels were moderately high in the experimental orchard which consisted of a lé4-year old block
planted 30 x 30 ft and well-pruned to a height of 12 ft. Fungicide treatments were applied to single trees arranged
in a randomized complete block design with four replicates. Applications were made as seasonal protective dilute
sprays applied to "complete wetness" with a high pressure (400 psi) sprayer equipped with a 9~nozzle boom which
delivered 2.8 gals/tree (280 gal/A). Spray dates and corresponding phenological stages were as follows: 28 Apr
{white-bud), 4 May {(full-bloom), 12 May (petal-fall), 21 May (1lst cover), 2 Jun (2nd cover), 14 Jun (3rd cover), 30
Jun (4th cover), 8 Jul (harvest), and 23 Jul (post-harvest). Brown rot incidence on fruit at harvest from natural
inoculum was determined on 8-9 Jul by observing all fruit on 10 small branches/tree (100-282 fruits/tree observed).
Additionally, a random sample of 100 fruits/tree was harvested 1-hr after the harvest spray was applied (8 Jul).
Fruits were placed stem-end down on paper plates and inoculated with Monilinia fructicola conidia atomized at 2 x 105
conidia/ml. After inoculation fruit were incubated at 67-100° F (mean 81.0° F) and 50-100% RH (mean 78%) for 4-11 da
(first day under polyethylene tarp). The percent soluble solids in fruit juice taken from a separate 50-fruit
sample/tree was determined with a Atago PR-1 refractometer at harvest. Cherry leaf spots and powdery mildew incidence
on leaves was determined in Jun, Jul, and Aug by observing all leaves on 10 vegetative terminals/replicate.
Determination of the level of defoliation from leaf spot was made on 19 Oct by observing the same vegetative terminals
used in incidence readings. All data obtained were subjected to an analysis of variance using appropriate
transformations and significance between means was determined by the Tukey-Kramer HSD test (P < 0.05).

Natural brown rot incidence on blossoms was not evident, but nontreated fruit at harvest showed 37% infection.
All treatments were significantly better than the nontreated, but brown rot incidence on trees treated with Nova was
significantly higher than other treatments. Brown rot on inoculated nontreated fruit ranged from 3.3% at 4 da to 75%
at 11 da after inoculation. RH-7592, Orbit, and Rovral provided excellent control even after 11 da incubation. The
Nova and Benlate plus captan treatments were not significantly different from the nontreated. All fungicides tested
provided good to excellent control of leaf spot through the harvest period, but differences were apparent on 18 Aug.
Rovral treated trees at this date had 49.5% leaf infection which was significantly higher than the Orbit or RH-7592
treatments and in the same range with Nova and Benlate plus captan. Leaf defoliation on 19 Oct caused by leaf spot
was 98-100% on trees receiving Rovral, Benlate plus captan, and nontreated treatments. Only 3.0% defoliation occurred
on the RH-7592 treated trees and 43% and B83% defoliation was observed on the Nova and Orbit treatments, respectively.
Nova and Orbit provided the best control of powdery mildew with RH-7592 providing a slightly lower level but not
significantly different. Rcvral and Benlate plus captan were not significantly from the nontreated check.
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Brown Rot, Leaf Spot, and Powdery mildew Incidence on Montmorency Cherxy Sprayed with Dilute Fungicide Treatments in
1993. Penn State Fruit Research Laboratory.

Biglerville, PA.

__Percent Brown Rot on Fruit
__ . Inoculated at harvest =~ _ Percent leafspot __ Defol-
Non-inoc.____ Incubatjop Days Incidence Jdation _3 P, mildew
Fungicide and Rate/100 Gal @ harv, 4 6 8 11 24 Jun 15 Jul 18 Aug 19 Oct 24 Jul 15 Jul
Nova 40W 2.0 0Z...ccvvvvvacocns 16.4b* 5.0b 25.8¢c 41.0c S4.0bc 1.5a 13.0a 28.2ab 43.0ab 15.2a 22.2a
RH-7592 2F 2.5 £1 oz +
Latron B-1956 2.5 f1l oz...... 0.5 0.0a 0.3a 0.3a 0.3a 0.9a 7.1a 21.2a 3.3a 30.7bc 36.5b
Orbit 41.8 Gel 2.0 £f1 oz....... 0.8a 0.0a 0.0a 0.3a 0.8a 1.0a 8.3a 21.7a 82.5bc 21.2ab 3i.1lab
Rovral 4F 8.0 fl oz +
CS-7 4.0 £1 0Z..vvncnnnnns 1.5a 0.3ab 2.8ab 4.8ab 5.0a 1.6a 19.0a 49.5b 100.0c 44.1d 51.8¢c
Bravo 720 16.0 f1 oz**
Benlate 50W 2.0 oz +
Captan 50W 1.5 1lb....... ceenne 1.9a 1.0abc 14.5bc 25.8bc 35.3b 1.0a 1l.1a 33.0ab 98.0c 42.6cd 51.3c
Nontreated.....c.cereveasveccnonn 36.6¢C 3.3bc  24.0c 55.3¢c 75.0c¢ 3.8b 99.1b 99.8¢c 100.90c¢ 50.14 56.7c

*

* &

a3

.3

w3

N

Means followed by the same letter(s) are not significantly different according to the Tukey-Kramer HSD (P<0.05).
Applied in the bloom and petal-fall sprays only.
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D. A. Rosenberger, F. W. Meyer, and C. A. Engle
NYS Agricultural Experiment Station
Hudson Valley Lab, Highland, NY 12528

APPLE (Malus domestica 'Jerseymac',Redcort’,'Smoothee")
Scab; Venturia inaequalis
Powdery mildew; Podosphaera Jeucotricha
Cedar apple rust; Gymnosporangium juniperi-virginianae
Fly speck; Zygophiala jamaicensis
Fruit finish

EFFECTS OF VARIOUS FUNGICIDES AND FUNGICIDE FORMULATIONS ON APPLE
DISEASES AND MITE POPULATIONS, 1993. Treatments were replicated four times in an 8-yr-old
orchard on M.9 rootstock. Each plot contained one tree of each cultivar. Plots within rows were
separated by cedar trees which provided inoculum for cedar apple rust. A buffer row was
maintained between each row of trees receiving treatments. The buffer row was sprayed 12 May
with Benlate 5S0W 3 oz plus Captan 50W 1 Ib and again on 3 June with Benlate S0W 4 oz plus
Captan 50W 2 Ib. Fungicide trcatments were sprayed to runoff using a handgun on 24 Apr (tight
cluster on Jerseymac), 3 May (king bloom), 12 May (petal fall), 24 May, 8, 25 Jun, 15 Jul, and 6
Aug. Moderate levels of apple scab inoculum were present from the previous year’s treatments.
Effectiveness of the fungicide trcatments was evaluated by determining the incidence of various
diseases on leaves on 25 clusters and 25 terminals, and on 100 mature fruit per tree (if available)
on the dates indicated in the data tables. Evaluations for powdery mildew were made using only
the eight youngest leaves on cach terminal whereas all of the terminal leaves on the sclected
terminals were evaluated to determine the incidence of scab and rust.  Primary infection periods
lor apple scab occurred 16 Apr (moderate), 5 May (heavy). 12 May (moderatc), 18 May (hcavy),
28 May (light), 31 May (moderate), 5 Jun (heavy), 9 Jun (heavy). The first primary scab lesions
were noted 3 May. There were seven sccondary scab infection periods in May, six in June, two
in July, and three in Aug. The summer was exceptionally dry. Mite populations were asscssed
28 Jul by brushing 25 leaves per tree from the Jerseymac trees. Treatments (and rate per 100
gallons) which may have impacted mite populations included 2% oil applicd 19 April: Asana XL
5.8 {1 0z applicd 29 April (carly pink) lor aphids; 12 oz applicd with NAA 18 May lor fruit
thinning; Carbaryl SOWP 1.5 1b applicd 20 Junc for lcathopper; Vydate L 1.5 ptapplied 17 July
for lcalminer.

The infection period which occurred 16 Apr when trees were at green-tip caused severe
cluster leal and fruit infection on Jerscymac and Redeort. For treatments involving only contact
fungicides, most of the Lruit scab at harvest is attributable to the 16 Apr infection period.
Treatments involving Nova provided acceptable control of scab cluster Icaves and fruit. The high
rate of Fluazinam provided some cradicant activity against apple scab: it was betier than Captan
but less effective than Nova for controlling scab on cluster leaves and (ruitlets. The low rate of
Fluazinam provided scab control on leaves similar to that provided by Captan. but it was less
effective than Captan for protecting fruit. Fluazinam failed to control powdery mildew or fruit
decays caused by Botryosphaeria species. Incidence of fruit decays reported Tor the Tuazinam
plots may lower than the actual incidence because some of the decayed fruit dropped from the
trees prior to harvest. Trees treated with Fluazinam showed less bronzing from miles in
September than did trees receiving other treatments. Activity of TD-2323-2 (which contains
Topsin M) was compromiscd by presence in the test orchard of scab isolates with resistance o
henzimidazole fungicides. Incidence of fruit scab on Jerseymac was higher in the plots receiving
Nova alone through petal Tall than in plots <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>