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1.

Thresholds,/Monitoring/Sampling
b.
Monitoring - conventional orchards
Codling moth, Cydia pomonella L., Apple
Larry Gut, Jay Brunner, Mike Doerr & Janine Davis
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

Summary: Pheromone lures used in traps to monitor codling moth (CM) in conventional
orchards were compared for efficacy and longevity. Attractancy of the standard lure, a red
septum loaded with 1 mg of codlemone, lasted 3-4 weeks in the spring and about 2 weeks in the
summer. Gray septa loaded with 3.5 or 5.0 mg of codlemone were attractive throughout the 8
week flight of each CM generation, although during the peak of second generation flight their
performance declined signigicantly. The period of reduced attractancy corresponded to three
weeks when temperatures were consistenly at the highest levels. Pheromone release rates from
aged septa are currently being analyzed by ion mobility spectrometry techniques. Preliminary
release rate results are consistent with moth catch data. Lures were most attractive when release
rates were between 0.5 and 3.0 µg per hour. High summer temperatures appeared to increase the
pheromone emission rate, thus shortening the effective life of the lure. Evaluation of the gray
lures in large commercial orchards indicated they were less effective than the standard red
septum. Further research on the performance of gray septum are warranted prior to increased use
in commercial orchards.

Standard lures - Conventional block monitoring
Experimental design: The effectiveness of three pheromone lures for monitoring CM was
determined. The lures tested were the commercially available red septum (Trece, Inc.) and gray
septa loaded with either 3.5 or 5.0 mg of codlemone. All lures were aged throughout the
duration of the test with the exception of a red septum replaced every 8 d which acted as a
relative standard against which to judge the attractancy of other lures. The experimental design
was a randomized complete block (6-8 blocks). The number of male moths captured in Pherocon
lCP traps baited with the different lures were recorded every 2 d. To minimize position effects,
traps were rotated each time they were inspected. Trap bottoms were replaced after a cumulative
catch of 40 moths, more often if dirty.
The relative attractancy of the various lures during the first and second generation flights of CM
are shown in Figures 1 and 2. Data are presented as the average capture of moths in traps baited
with different lures relative to the standard or "control" (red septum changed every 8 d), shown
as a value of one (broken line).

First generation comparison: The attractancy of gray septum loaded with 3.5 or 5.0 mg of
codlemone was similar to that of a standard red septum (Fig. 1). Both gray lures maintained their
attractancy throughout the first generation flight of CM. After 48 d of exposure in the field, there
was no significant difference in moth capture in traps baited with gray septa loaded with either
the 3.5 or 5.0 mg of codlemone and traps baited with a red septum replaced every 8 d. In
contrast, aging had a significant negative effect on the attractancy of the red septum (Fig. 1).
Moth capture in traps baited with this lure declined after 2 to 3 weeks. Moth capture in traps
baited with the aged red septum was less than half that of traps baited with a new red septum
from the third trapping peroid to the end of the test.
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Fig 1. First generation capture of CM males in
pheromone traps baited with three types of
lures relative to a red septum replaced every 8
days (broken line). The shaded area indicates
the standard errors for average moth capture in
traps baited with the new red septum.

Fig 2. Second generation capture of CM males
in pheromone traps baited with three types of
lures relative to a red septum replaced every 8
days (broken line). The shaded area indicates
the standard errors for average moth capture in
traps baited with the new red septum.

Second generation comparison: None of the lures performed as well during the second
generation CM flight (Fig. 2) compared to the first. The red septum was again attractive for the
shortest period of time, but the reduction in relative moth catch between day 16 and 24 was more
dramatic compared to the first generation. Red septa baited traps only captured about one third
the number of moths as traps baited with new red septa each trapping period for the remainder of
the second generation flight. After 16 days exposure in the field, gray septa loaded with either
3.5 or 5.0 mg of codlemone also were significantly less attractive than the red septum replaced at
regular intervals. The gray lures continued to attract about 50% fewer moths than a fresh red
septum throughout the middle of the summer (Fig. 2, days 24, 32 & 40). However, during the
last two weeks of the second generation flight the gray septa, particularly the one loaded with 3.5
mg of codlemone, were again as attractive as the red septum replaced at regular intervals.
Pheromone emission rates: Differences in pheromone emission rates were probably the major
factor affecting the performance of lures. The rate of pheromone released from different lures is
currently being determined by ion mobility spectrometry techniques. Lures were collected at 710 d intervals during both CM flights. Preliminary analysis of field aged lures collected in 1994
indicate a strong relationship between measured emission rates and relative moth catch. Lures
were most attractive when emission rates were between 0.5 and 3.0 µg per hour. A longer period
of high emission from red septum in the spring compared to the summer correlated well with the
prolonged attractancy of this lure in the spring reported herein and in earlier studies (Gut and
Brunner, 1994). High summer temperatures appeared to increase the pheromone emission rate,
thus shortening the effective life of the lure.
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1.

Thresholds,/Monitoring/Sampling
b.
Monitoring - pheromone treated orchards
Codling moth, Cydia pomonella L., Apple
Larry J. Gut & Jay F. Brunner
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

Summary: Pheromone traps baited with high load red septum (10 mg of codlemone) have been
adopted as a tool for monitoring codling moth in pheromone-treated orchards. Large-scale
evaluation of this trap in the Howard Flat, Codling Moth Areawide Pilot (CAMP) project,
indicated that traps more effectively tracked CM flight when placed in the upper third of the
canopy rather than at mid-canopy. Small-plot experiments showed attractancy of high load lures
lasted 3-4 weeks in the spring and 2 weeks in the summer. Analysis of release rates using
mobility spectrometry indicated the reduced attractancy of the 10 mg lure was closely associated
with a sharp decline in the release rate of codlemone during the second codling moth flight
period. A significant reduction in the attractancy of the high load lure occurred when release
rates dropped below 2.5 µg of codlemone per hour. Experimental high load lures were
engineered by Consep and Trece, but none proved as effective as the high load red septum.
Based on our analysis of release rates from high load red septum, new lures with release rates of
5-10 µg per hour should be available for testing in 1996.
High load lures - Pheromone block monitoring
Experimental design: Three kinds of high load pheromone lures were compared for
effectiveness in monitoring CM in pheromone treated orchards. The lures tested were the
commercially available red septum loaded with 10 mg of codlemone (Trece, Inc.), a Biolure
membrane (Consep, Inc.), and one-eighth of a CIDeTRAK pheromone dispenser (Trece, Inc.).
The amount of codlemone in the two experimental lures was not determined. To evaluate the
effect of aging on attractiveness of lures, a red septum replaced every 8 d was used as a control.
The experimental design was a randomized complete block (6-8 blocks). During the spring
flight of CM, the number of male moths captured in Pherocon 1CP traps baited with the different
lures were recorded every 2 d. Only two of the four lures were compared in the summer (aged
and new red septum), thus trap catch was recorded every 3-4 days. To minimize position effects,
traps were rotated each time they were inspected. Trap bottoms were replaced after a cumulative
catch of 40 moths, more often if dirty.
Attractancy of lures: The relative attractancy of the various lures during the first and second
generation flights of CM are shown in Figure 1. The experimental high load lures engineered by
Consep and Trece were significantly less attractive than the 10 mg red septum, capturing about a
third as many moths as the red septum replaced at regular intervals throughout the first
generation comparison (Fig. IA). Attractancy of the 10 mg red septum remained as attractive as
a new 10 mg red septum for about 3 weeks during the spring flight. A significant reduction in
the relative attractancy of the red septum was observed during the thrid and fourth trapping
periods, days 25 through 40.
Becuase only two lures were tested in the second generation and moth captures were consistently
low the actual average values were used in comparing lure performances during this test period
(Fig lB). The effectiveness of the red septum declined dramatically during the second trapping
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period, days 8 to 14. No moth catch was recorded after the red septum had been in the field for 3
weeks. The consistent attractancy of the 10 mg lure could only have been maintained if it was
replaced weekly under these conditions. Effective use of the 10 mg red septum in commercial
orchards probably will require changing lures every three weeks during the first generation CM
flight and at least every two weeks during the second generation CM flight. Better lures are
needed to reduce the expense and difficulty associated with maintaining consistent trap
attractancy in orchards treated with CM pheromone.

Pheromone emission rates: Pheromone emission rates of field exposed 10 mg lures are
currently being analyzed using ion mobility spectrometry. Lures were collected at 7-10 d
intervals during both CM flights in 1994 and 1995. Preliminary analysis of 10 mg red septum
collected in 1994 have indicated significant differences in emission rates of lures during the first
and second generation flights of CM. In both spring and summer flights, emission rates dropped
sharply during the first 10 d, from about 8 µg/hour on day 1 to 3.5 µg/hour on day 10. Emission
rates continued to decline in the summer, with only 1.0 µg/hour emmitted on day 21. In contrast,
emission rates above 2.5 µg/hour were maintained between day 10 and day 31 of the spring
flight. The longer period of high emission of codlemone in the spring compared to the summer
correlated well with the prolonged attractancy of the 10 mg red septum in the spring reported
herein and in earlier studies (Gut and Brunner 1994). High summer temperatures appeared to
increase the rate of pheromone emission, thus shortening the effective life of the lure. Further
evaluation of pheromone emission rates and performance of high load lures should lead to the
development of products that are highly attractive to CM in the spring and summer, and for a
period of time that is commercially acceptable, 4 or more weeks.
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indicates the standard errors for average moth capture in traps baited with the new red septum.
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I. Thresholds/Monitoring/Sampling
b. Monitoring
Codling moth, Apple, Pear

J Franklin Howell and Ron Britt
P.O. Box 8336, Yakima, Washington 98908
The pro- and cons' of the following monitoring/sampling methods
for assessing mating disruption will be discussed: Pheromone

traps, virgin female baited traps, tethered females, mating
tables, hand sampling, vacuum sampling, bait traps, blacklight
traps, pane traps, progeny per female, fruit infestation. Also
using trap catch data for quick assessment of mating disruption

for scouts and fieldmen.
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SECTION2
IMPLEMENTATION PROGRAMS

**************
Jay Brunner
Section Leader

2. Implementation/Mating Disruption
f. Implementation
Codling Moth, Other Pear Pests

!I. Riedl, F. Niederholzer, L. Puig, and D. DeVore,
Mid-Columbia A.,oriculrural Research and Extension Center
Oregon State University
3005 Experiment Station Drive
Hood River, OR 97031

Project T"rtle: Integrated Fruit Production (IFP) on Pears in Northern Oregon: a Progress
Report

The goal of this project is to research, demonstrate and implement an integrated fruit
production (IFP) program as an alternative to the chemically intensive conventional pear
production system. The study was expanded in 1995 to four sites. The IFP blocks at each
site varied from 5 to 10 acres. Selective pest management programs were demonstrated in all
IFP blocks. Several criteria guided us in designing the pest management programs for the
IFP blocks. We emphasized the use of control methods which are selective or have a degree
of selectivitr in order to encourage biological control. Also, in order to create a safer
orchard environment we excluded as much as possible toxicity class I pesticides (e.g.,
azinphosmethyl). Another important consideration was to alternate control taetics with
different modes of action as a resistance management strategy. 1-funitoring was an essential
part of the IFP program and provided the necessary information for making control decisions.
Controls were applied only if needed e.g., when populations exceeded economic threshold
levels.
Selective codling moth control using pheromone for mating disruption was implemented in all
four IFP blocks and was the key to creating an orchard environment where biological control .
of other pests can be effective. This selective control method was successful at all locations
and no damage was found at harvest. The selective insecticide fenoxycarb (Comply),
available under an experimental use permit (EUP) in 1995, was used once shortly after petal
fall in one IFP block to reduce a high overwintering population of codling moth. Pear psylla
control began in the prebloom period with sulfur plus oil sprays followed by fenoxycarb at
the delayed dormant or cluster bud stage. As in 1994, fenoxycarb was again available for
prebloom control of pear psylla under a Section 18 exemption. Fenoxycarb provided longlasting selective control in all IFP blocks. No additional controls where necessary except in
one block where pear psylla exceeded the treatment threshold in July. A soap spray was
applied to suppress psylla and supplement biological control in that block_ Spider mites were
present shortly after bloom in three of the four IFP blocks. Selective acaricides were applied
when populations began to exceed threshold levels. The use of two successive summer oil
sprays for suppression of spider mites was demonstrated in one IFP block without causing
phytotoxicity problems on the sensitive Anjou cultivar. Predatory mites survived the oil
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treatments. A diverse complex: of natural enemies established in two IFP blocks due to the
presence of low levels of either spider mites or pear psylla. Predatory mirids were the most
common natural enemies.

Leaf and soil samples were taken in August and fall to determine. the need for fertilizer
applications and provide a sound basis for the tree nutrition program in each IFP block in
subsequent years. SllIIIIIler pruning was demonstrated on part of the acreage in three IFP
blocks. The horticultural and pest management benefits of this practice will be evaluated in
1996 and again in 1997.

Data on production costs, yields, and packouts with the two different programs are being
collected to determine if IFP can be an attractive economical alternative to the presently used
conventional program. In 1994 and again in 1995, there were no differences in packouts
between the IFP and conventional blocks. Fruit from the IFP blocks stored and ripened as
well as fruit from the conventional blocks.
The adoption of production practices which are in agreement with the goals and principles if
IFP depends on well-trained growers. Therefore, a major goal of this project is educational,
to inform growers about the aims of IFP, to demonstrate to them the potential benefits and
also costs, and to assist the industry in the development of IFP Guidelines as an essential step
for a future IFP Certification Program. Four well attended IFP workshops were held
throughout the year which dealt with timely topics on tree nutrition, soil and leaf analysis,
tree-row volume spraying, orchard ecology, pest management and identification of pests and
beneficials. Campus faculty also participated in these workshops. The IFP demonstration
project was the topic at several grower events this year including the Mid-Columbia Winter
Horticultural Meeting, the Pear Research Review and the Summer Horticultural Tour. Iu the
fall of 1994, an IFP Committee was formed to explore how the Mid-Columbia fruit industry
could benefit from an IFP program and what could be done to familiarize growers with the
concepts and ideas of JFP _ This is primarily a grower committee and is sponsored by the
Hood River Grower Shipper Association, the local fruit grower organization. The IFP
Committee is responsible for the planning of the educational program, publishes an IFP
Newsletter, and is also in charge of developing the IFP Guidelines. Copies of the IFP
Guidelines are available on request from the Hood River Grower Shipper Association, P.O.
Box 168, Odell, OR 97044.
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2.

Implementation
f.
Implementation
Codling moth, Cydia pomonella L., Apple
Larry J. Gut & Jay F. Brunner
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

This was the initial year of a 3-5 year SARE (Sustainable Agriculture Research & Education)
project investigating the "Production of Apples Without the Input of Broad-spectrum
Insecticides". The purpose of this study is to directly compare the ecology and economics of
red delicious apple orchards managed without using broad-spectrum insecticides or managed
conventionally. Demonstration orchards were established at six locations, three in
northcentral Washington (Bridgeport, Chelan, Orondo), two in the Yakima Valley (Wapato,
Yakima) and one in Oregon (The Dalles). Each orchard was divided into a 10-acre
conventional (CONV) block and a 10-acre no broad-spectrum insecticide (NBSI) block. In
addition, a no class I (NOCl) management program was evaluated in a third 10-acre block at
the Bridgeport, Orondo and Wapato sites.

Arthropod pests and natural enemies: Pheromones (mating disruption) replaced
insecticides as the primary control for codling moth (CM) in the NBSI blocks. Isomate-C+,
was applied at the full label rate of 400 dispensers per acre (d/a). This treatment alone was as
effective as conventional azinphosmethyl sprays at two sites. Relatively high CM pressure at
four sites necessitated supplementing the NBSI pheromone treatment with two other "soft"
controls, mineral oil and parasitoid releases. Trichogramma wasps were released bi-weekly
(ca. 100,000 adults/acre) along the highest pressure border at each site. The combination of
pheromone, oil and biological control successfully controlled CM at two sites, but
populations of this pest increased in abundance at the other two sites and over 4% of the
fruits were infested. However, adjacent blocks treated with four conventional
organophosphate insecticide sprays also had over 1.5% fruit injury at harvest. Most of the
CM damage in NBSI blocks was found along the orchard edge. Currently, this appears to be
the Achilles heel of the CM mating disruption program, as there are no "soft" strategies
available to control this pest when populations become established on orchard borders.
Leafrollers are considered the greatest potential problem in selectively managed orchards in
the first years of transition to less reliance on broad-spectrum insecticides. Good control of
this pest was achieved in all CONV blocks through the use of broad-spectrum insecticides.
This included a delayed dormant application of chlorpyriphos for control of aphids, mites,
scale and leafroller, and multiple in-season azinphosmethyl sprays for CM control. In
contrast, leafrollers established populations in four of the six NBSI blocks. Summer
generation larvae had infested up to 15% of the shoots by August, and failure to detect
increasing leafroller populations earlier in the summer resulted in the application of too few
bacterial insecticide (Bacillus thuringiensis or Bt) treatments to prevent damage. Two or
more Bt sprays did limit leafroller fruit injury to less than 2% in three blocks. Unfortunately
Bt was not applied at one site, and 8.9% leafroller injury was observed in harvest samples.
Other arthropod pests were generally at low levels in the NBSI orchards. Substantial
numbers of campylomma nymphs were detected at the Chelan site (4.3 nymphs per tray).
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Since this was above the treatment threshold, the orchard was treated with Neemix 4.5 at a
rate of 7 oz. per 100 gal. (200 gal./acre). Post-treatment beating tray samples indicated a
50% reduction in campylomma densities. Natural enemies contributed to the suppression of
several potential pests. Mite and aphid predators, and the leafminer parasitoid, Pnigalio
flavipes, were especially abundant in NBSI blocks. Three pest species, white apple
leafhopper, green apple aphid and tentiform leafminer, reached population densities that
required intervention with insecticides in at least one of the CONY orchards. No controls
were targeted specifically for these pests in NBSI blocks. However, oils applied as a
supplemental control for codling moth in NBSI blocks had the additional benefit of
suppressing leafhopper and leafminer populations without affecting their natural enemies.
Development or demonstration of new monitoring techniques: Pheromone traps were
used to monitor leafroller adults throughout the season in all SARE blocks. Traps were
highly attractive, often capturing over 50 moths per week. However, the number of moths
captured did not correlate well with larval densities and fruit injury. High moth catches
occurred in orchards with no detectable resident population, and low moth catches did not
always indicate low levels of larval activity. Thus, we initiated studies this year that
hopefully will lead to the development of a better leafroller pheromone trapping system.
Preliminary results indicate that reducing the attractiveness of lures is a useful first step
toward achieving this goal.

Pheromone traps may also be useful for monitoring campylomma populations. Pherocon
lCP traps baited with lures containing the sex pheromone of campylomma were placed in all
SARE blocks at a density of 1 trap/2.5 acres. Traps were checked weekly over a 7-week
period beginning in mid-August. Fall adult capture in traps may provide a good prediction of
campylomma nymph densities during bloom of the following year, especially in blocks
where they are not controlled by a post-bloom application of chlorpyriphos. Adult captures
of more than 80/trap were recorded in NBSI blocks at two sites (Chelan, Yakima). Adult
captures of about 40/week have been correlated with damaging nymph densities the
following spring (Reding, personal communication).
Arthropod biodiversity: Two methods are being used to document broader changes in
arthropod biodiversity during the course of this project. Sweep net samples of the orchard
ground cover and soil samples were taken once in August of 1994 and three times during the
1995 season. To date, 1400 soil and sweep net samples have been collected in SARE blocks.
We have run through a berlese and identified specimens in 520 soil samples but have 180
remaining from the August 1995 collection date. We have also identified to family
specimens collected in 360 sweep net samples. Our preliminary data suggest that
conventional pest management practices have suppressed soil fauna quantity, but no clear
changes in biodiversity are evident. It is too early to speculate on differences in our sweep
net samples because our baseline data is from August 1994 and we have yet to process our
August sample from 1995. We have identified 87 separate families, mostly representing 8
orders of insects and mites.
Economics: Detailed records of management inputs have been kept for each pair of NBSI
and CONY orchards and will be used to compare the economic risks and benefits of these
two management programs. Most of the fruit harvested from SARE orchards are in storage,
thus yield and cullage information required for economic analysis will not be available until
fruit is packed this winter and in the spring of 1996.
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II.

Pome Fruits - Implementation
a.
Implementation
1.
Codling Moth, Apple and Pear
Bradley S. Higbee
USDA-ARS
5230 Konnowac Pass Road
Wapato, WA 98951

Parker Areawide Codling Moth Suppression Pilot project.

The Parker project consists of approximately 500 acres of apple
and pear in which growers agreed to uniformly use all
technological tools available to suppress codling moth and other
pests. The primary technique employed to suppress codling moth
was mating disruption, supplemented with organophosphate spray
applications when and where necessary to avert economic damage.
All blocks with exterior borders received border treatments of
azinphosmethyl at 1st cover timing. Subsequent treatment
decisions were based on pheromone trap catch and visual
inspection of fruit for injury.
A comprehensive insect monitoring program was conducted based on
10 acre (or less) sample blocks. Analogous comparison blocks
consisting of 2 red delicious, 2 golden delicious, and 2 pear
plantings were simultaneously monitored for primary and secondary
pests and beneficial insect activity. Overall codling moth
damage to fruit at harvest was minimal in the areawide project
(0.2%) and somewhat higher in the comparison blocks (0.8%). Of
the 50 sample blocks, 20% had no detectable CM damage and 94% had
less than 0.5% damage at harvest. The most severe damage tended
to be in the vicinity of bin or prop piles, these areas also
tended to have elevated pheromone trap captures during the first
generation.
Pandemis leafroller populations increased somewhat over the
course of the season (mean pheromone trap captures for season:
areawide= 227, comparison= 170) and resulted in relatively
higher levels of fruit damage than were observed in comparison
blocks (% fruit damage: areawide= 0.23, comparison= 0.13).
Low to moderate levels of white apple leafhopper, Western
tentiform leafminer (WTLM) and aphids were observed throughout
the area with some treatments directed at aphids and leafhoppers.
WTLM parasitism rates were higher in areawide blocks than
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conventional comparison blocks and aphid predators were more
abundant in areawide blocks.
The pear pest management program consisting of one pre-bloom
application of fenoxycarb (Comply) and one post-bloom application
of abamectin (Agrimek) appeared to be a very successful approach
to keeping psylla populations in check, while preserving
beneficials. Pear psylla populations were generally quite low,
both in areawide and comparison blocks, however we did observe
more predators in areawide blocks and increased post-harvest
psylla populations in comparison blocks.
A partial analysis of cull fruit suggested that fruit damage by
all insects was relatively minor compared to other causes of
downgrading (10 - 20% of cull fruit due to insect damage).
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I.

Implementation
a.
Implementation
1.
Arthropod pest complex on pear
Philip VanBuskirk, Richard Hilton, and Peter Westigard
OSU Southern Oregon Research and Extension Center
Medford, Oregon 97502

The Use of Pheromone-Oil as a Area-wide Selective Control Program for Pear Pest
in Southern Oregon--A pilot selective program to control arthropod pest of pear in southern
Oregon was initiated in 1994 on about eighty acres. This program which utilizes codling
moth (CM) mating disruption (MD) and three horticultural spray oil applications was
expanded in 1995 to about 300 acres in size and contained 10 varieties of pear. Table 1
provides an outline of the basic selective control program that was used by the five
orchardists involved in the program.

The program as outlined above with very little deviation by the orchardists involved,
reduced foliar use of organophosphates use by 72 % and overall synthetic pesticides by 80%,
suppressed primary and secondary pear pests to an average of 1.53 % down grading fruit
damage for the season, allowed for the survival of natural enemies, while lowering the total
cost of arthropod control.
Along with the strengths of the program there were weaknesses were identified:
prediction of CM damage from pheromone traps was inadequate when populations were low
to moderate; protocols for the monitoring of leafrollers and sucking bugs and natural enemies
need improvement; sources of unidentified fruit injury need to be determined; resolution of
problem with CM control on orchard borders; grower concerns regarding long term chronic
affects of oil on pear; and concerns regarding gradual buildup in CM levels. This program
is ongoing and present plans are to expand the area to 400 acres in 1996.
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TABLE 1. BASIC SELECTIVE CONTROL PROGRAM

Timing __1>,f...':\.PP.~i,-=ca=t=i::..:on=----=T:.:::a::.rg"'e:.::t..c:P...::esc::.t:......_ _ _ _ _...::M=a=-=te=rial and Rate
Dormant

Pear Psylla

oil, 4 gal.

Delayed Dormant

Pear Psylla
San Jose Scale
Pear Rust Mite

oil, 4 gal.
lime sulfur 12 gal.

Prior to CM Biofix
about 200DD

Codling Moth

Isomate C+
400 per acre

200 DD from CM
Biofix

Codling Moth
Twospotted Mite
Pear Psylla
etc.

Orchex 796 oil, 1%

400 DD from CM
Biofix

as above

as above

600 DD from CM
Biofix

as above

as above

1250 DD from CM
Biofix

Codling Moth

Guthion or Imidam
2.5-4.0 lbs.
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Implementation Programs
Implementation
Pear
Richard Hilton, Phil VanBuskirk, and Peter Westigard
Southern Oregon Research and Extension Center
Medford OR
This study was conducted in a block which had been in a mating disruption and oil
program for the past three years. Due to buildup of codling moth within the plot, Comply was
tested in 1994. Control of codling moth was significantly improved but hemipteran damage was
not affected by the Comply treatment. In 1995 the block was treated entirely with Comply at
petal fall and three chemical treatments aimed at plant-feeding hemipterans were tested within
the block. Treatments were applied when plant-feeding bugs first appeared in significant
numbers, which was not until mid June in 1995. The three chemical treatments evaluated were
endosulfan, dimethoate and diazinon. A control with just the mating disruption, oil, and Comply
program was also included in the trial. All treatments were replicated three times. Plots were
0.1 acres, approx. 80 trees, half of which were Anjou and half Bartlett. Chemicals were applied
with a handgun sprayer at a rate of 400 gal per acre.
Pear Psylla--All three chemicals showed elevated post-treatment levels of pear psylla
adults, immatures and resultant fruit staining (see Tables 1-3). Dimethoate gave the most
pronounced effect and had a significantly higher level of pear psylla immatures than any of the
other treatments.
Hemipterans--True bug damage was reduced by the chemical treatments, with diazinon
showing less effect than either endosulfan or dimethoate. Diazinon did not reduce the level of
boxelder bugs as measured by limb tapping. However, none of the chemical treatments had
more than 1% of the Bartlett fruit with boxelder bug eggs, whereas the check had boxelder bug
eggs on over 3 % of the Bartletts. Contrary to published reports it appears that boxelder bug can
complete its life cycle on pear, as we found all stages present through the course of the season.
Mites--Pear rust mite was lower in the chemical treatments than in the check, with
diazinon again showing the least effect. The diazinon treatment had a higher level of twospotted
mite than the check while the other two treatments had lower levels than the check.
Codling Moth--The chemical treatments appeared to increase the level of codling moth
damage. In fact, on Bartletts endosulfan had a significantly higher percentage of entries than
the untreated check. It may be that under a selective program, such as mating disruption, oil,
and Comply, where codling moth is largely, but not completely, kept under control, egg
predation can then play a significant role. The fact that the chemical treatments seemed to
impact the level of earwigs, a reported egg predator; along with the fact that diazinon, the least
active of the three chemicals tested, gave the lowest degree of stimulation of codling moth, seem
to support the finding that natural control of codling moth was disrupted by these broad spectrum
insecticides. Anjous, which were harvested one month after the Bartletts and are inherently
more tolerant of codling moth did not show this effect, but they did show a very significant
effect with regard to fruit location. Virtually all the codling moth damage recorded in the
Anjous was from fruit in the tops of the tree. As this effect has not heretofore been observed
in the selective program used here, it is probably the result of uneven spray residue from the
third cover application of Imidan, but further investigation may be warranted.
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Table 1. Evaluation of chemical treatments within a mating
disruption, oil and, Comply program. Results from limb
tapping. Hanley site. Anjou cultivar. Medford OR, 1995.

Treatment

Post treatment mean per 10 trays
Pear psylla
Boxelder
Earwigs
adults
bug

Endosulfan

10.1

0.0

0.0

Dimethoate

21.2

0.0

0.1

Diazinon

10.3

0.3

0.0

Check

7.4

0.2

0.4

Table 2. Evaluation chemical treatments within a mating disruption, oil
and, Comply program. Results from leaf brushing. Hanley site.
Anjou cultivar. Medford OR, 1995.

Treatment

Post treatment mean eer leaf
Twospotted spider
mites post
Pear psylla
Pear
embryonics
immatures
rust mite

Endosulfan

1.3

0.7 b

3.0

Dimethoate

2.0

2.2 a

2.5

Diazinon

4.5

1.0b

4.4

Check

3.9

0.6 b

8.0

Means within a column followed by the same letter or no letter are not different as detennined by
Fisher's protected LSD test (p=0.05). Data were transformed using log (x+ I), untransformed
means are shown above.

Table 3. Evaluation chemical treatments within a mating disruption, oil and,
Comply program. Results from Fruit examination at harvest. Hanley
site. Anjou and Bartlett cultivars, Medford OR, 1995.
Percent of fruit
hemipteran
w/ boxelder
injury (A+ B)
bug eggs...(B)

Treatment

codling moth
entries (I.I)

Endosulfan

9.0 a

3.0

0.3

1.3

Dimethoate

5.3 ab

2.8

0.3

3.7

Diazinon

3.0 ab

4.0

0.7

3.3

Check

1.7 b

5.0

3.3

0.7

pear psylla
staini!!!:.JM ....

Means within a column followed by the same letter or no letter are not different as detennined by Fisher's
protected LSD test (p=0.05). Percent data were transformed using the arcsine transfomnation, untransformed
means are shown above.
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II.

Implementation
Section F:
Implementation

Control and regulation of Panonychus ulmi at low densities
by single and multiple species of predaceous mites during
1990-95.
B. A. Croft and D. H. Slone
Department of Entomology Oregon State University
Corvallis, OR 97331-2907
ABSTRACT We expected that more predator diversity would
result in regulation of prey at a lower equalibrium density
than would less predator diversity. To test this hypothesis,
prey and predator mites were sampled in 1994-1995 in apple
plots that had received similar horticulture but 3 different
pesticide treatments during 1990-1995: azinphosmethyl (an
organophosphate) + endosulfan (OP+ E), azinphosmethyl alone
(OP) and unsprayed (1993-1995). Data for the OP-resistant
spider mite, Panonychus ulmi Koch, and three predators, OPresistant Typhlodromus pyri Scheuten, OP-tolerant Zetzellia
mali (Ewing) and OP-susceptible Amblyseius andersoni
(Chant), supported the general hypothesis: OP+ E had the
most P. ulmi (but 200-fold less than in 1990) and the most
T. pyri; OP had fewer P. ulmi and T. pyri but the most Z.
mali and unsprayed had the fewest P. ulmi and T. pyri,
moderate Z. mali and the most A. andersoni. Combined
predator counts did not differ among the 3 treatments in
either year. Regulation of P. ulmi occurred at the lowest
equalibrium levels in plots with the most diversity of
predators (unsprayed) and at the highest densities in plots
with the least diversity (OP+ E). OP was intermediate for
both. Two mites, an OP-susceptible Eotetranychus sp. and an
OP-resistant Aculus schlechtendali Nalepa, had low, but more
similar levels in all plots.
Bryobia rubrioculus Scheuten
only occurred in plots that were unsprayed because of its
susceptibility to pesticides. Roles of each predator in the
apple mite complex are discussed.
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I. Implementation
a. Implementation
I. Pome Fruit Pests

Barbara Kuhlmann
Exxon Research & Development Labs, Baton Rouge, LA
Physico-Chemical Properties of Horticultural Mineral Oils
Orchex® 796 - the Optimum Solution

Increased efforts in low chemical input, 1PM programs for orchard pest control have renewed interest in
summer applications of Horticultural Mineral Oils (HMOs). Historically, growers have taken advantage
of the substantial benefits of HMOs in dormant and delayed (formant pest control. Concerns about their
potential phytotoxicity during the foliar season have, however, restricted their application fur the control
of summer pests.
Highly refined orchard spray oils (Orchex® 796, 692 and WS 2928, now available as Orchex 892) are
currently being assessed in intensive research programs fur summer applications on apples and pears in
Washington and Oregon. These oils are specifically tailored to meet the requirements of high pest control
efficacy and low phytotoxicity. Both efficacy and phytotoxicity are directly related to the molecular shape
and size of the hydrocarbon molecules contained in the Horticultural Mineral Oils. Highest pest control is
achieved with so called paraffinics - molecules of strings of carbon atoms shaped like chains.
Additionally, insecticidal efficacy is determined by the size, that is the number of carbons in these chains.
Molecules between 18 to 27 carbons have exhibited the greatest pest control effects while those below 18
carbons are known to contribute relatively little.
Similarly, phytotoxicity is determined by shape and size of the hydrocarbon molecules. Thus, molecules
that need to be eliminated are those with carbon numbers above 28 to assure low chronic phytotoxicity and
those below I 8 to limit acute phytotoxicity. The optimal carbon number for low phytotoxicity lies between
18 and 27. Because of their particular shape, certain aromatic compounds can pose a threat to tree health
(as well as to humans and the general environment). Low concentrations of certain aromatics, known to
be non-toxic to mammals, are, however advantageous in that they act as antioxidants. Some of the
currently available HMOs are refined to Unsulfonated Residues (USR) of greater than 97. In these
materials aromatics and related compounds have been removed to such a degree that the potential for
oxidation and thus formation of phytotoxic compound should be of concern. USR values of 92 to 97 have
been shown to prevent the formation of these oxidation products that result in reactions with oxygen from
the air and suu light
Manufacturing processes of HMOs target the most beneficial components of specific, highly paraffinic
crude oils. As a result, molecules of the correct size range and shape are selected. The viscosity of these
spray oils is a result of this size and shape selection. Viscosity itself has not been determined to increase
efficacy or to lower phytotoxicity. Most oils of high viscosity contain high concentrations of very large,
potentially harmful molecules and should therefore be avoided.
The current, very promising research efforts aim to identify summer application rates and timing of
Orchex® products to achieve maximum pest protection with lowest or no risk to the fruit or to tree health.
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SECTION3
BIOLOGICAL CONTROL

***************
Tom Unruh
Section Leader

Biological Control
Biological control
grape mealybug, Pseudococcus maritimus (Ehrhom); pear, Pyrus communis L.
Ross H. Miller and John E. Dunley
Tree Fruit Research and Extension Center
1100 North Western Ave.
Wenatchee, WA 98801
The potential of two endemic biological control agents against grape mealybug (GMB)
was examined using inclusion cages in which natural enemies were placed along with
established populations of GMB. The inclusion cages excluded other predators, and the
experimental blocks were untreated with insecticides. The potential of the green lacewing,
Chysoperla rufilabris (Burmeister), as a augmentative biocontrol agent against GMB was
demonstrated in inclusion cages on GMB-infested pear branches in Wenatchee area pear
orchards. Another very common predator, the European earwig (Forficula auricularia L.) also
significantly reduced GMB populations cages when confined in inclusion cages. As might be
expected GMB egg mass densities were also lowest in cages in which C. rufilabris or F.
auricularia had been released. Mass releases of lacewing eggs on GMB-infested trees resulted
in decreased GMB numbers on the release trees and on trees in the immediate proximity. There
were few endemic predators or parasitoids present in GMB-infested pear blocks treated with
chemicals or adjacent to pear or apple orchards under conventional spray programs. Distribution
of GMB eggs, nymphs, and adults was not correlated with height on the tree. Similarly, fruit
russetting attributed to GMB did not vary with position on the tree, but did correspond to GMB
densities.
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3. Biological Control
c. Biological control
Apple ermine moth, Yponomeuta mallinellus Zeller; apple, Ma/us domestica L.
Thomas R. Unruh
Yakima Agricultural Research Laboratory
USDA-AR$
5230 Konnowac Pass Rd.
Wapato, WA 98951

Parasitism of the apple ermine moth, Yponomeuta malinellus and the recently introduced
cherry ermine, Y. padellus, was determined at several localities in western Washington for
the eighth year. The introduced parasite Ageniaspis fuscicollis has spread up to 20 k
from release sites and at localities near release sites parasitism averaged 20% in 19941 995. The pupal parasitoid Herpestomus brunicornis was recovered for the second year
in a row, 4 years since its last introduction. Parasitism by Ageniaspis fuscicollis is
shown for 24 sites studied for 3 or more years.
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Biological Control
Biological control
codling moth, Cydia pomonella (L.); apple, Ma/us domestica L.

Laboratory studies showed that Trichogramma platneri lives 8 days (TD50) with constantly
available carbohydrate nutrition but only 1 day without it. A single feeding on carboyhdrate
upon emergence extended time to death by 36 hours. Supplementation of carbohydrates
(honey) in apple orchards weekly during the season showed a modest increase in parasitism
of sentinel eggs by T. platneri released weekly. Supplementation with honey did not reduce
fruit damage produced by codling moth. Trichogramma p/atneri showed little promise for
controlling codling moth in apples.
California collaborator, Dr. Nick. Mills, visited Kazakhstan in June and returned with a small
collection of codling moth parasitoids. Trap bands placed in 7 orchards in the vicinity of
Almaty, Kazakhstan were retrieved in October and hand carried to the U.S.A. in late
November by Kazakh collaborator, Dr. Andrey Slivkin. Microdes rufipes, from a 1994 fall
collections in Kazakhstan, were released directly into unsprayed apple orchards in California
in June of 1995. Mastrus ridibundus derived from fall 1994 collection was permitted for
release by APHIS. A few hundred females were released in Yakima, WA in early September
and several thousand were released in central California in August through November, 1995.
The biology of various parasitoids of the codling moth will be reviewed.
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I.

Biological Control
a.
Biological control
I.
Codling moth, Bartlett pears

Nick Mills
Dept. of Environmental Science,
Policy and Management
University of California
Berkeley, CA 94720

Rachel Elkins
U.C. Cooperative Extension
883 Lakeport Blvd.
Lakeport, CA 95453

Broe Zoller
Pear Doctor, Inc.
Post Office Box 335
Kelseyville, CA 95451

A replicated trial was carried out in an 8-acre orchard in Kelseyville, Lake County to test
varying release rates of Trichogramma platneryi (TP) as a supplement to mating disruption
(MD). Treatments were: I 00,000/week, 200,000/week or 400,000/week all season,
200,000/week !st generation only and MD alone (control). Plots were .5 acres. Besides CM,
Leafroller damage was measured and secondary pests and beneficials monitored via monthly
shoot and beating tray samples. The season-long control program in the test and grower control
blocks is presented in Table I.
CM damage was highest in the MD alone plots. There was no difference between
100,000 all season, 200,000 all season or 200,000 1st generation only. 400,000/week provided
the greatest control. Final harvest bin samples were quite variable, however, damage was >2.0%
for all treatments, though highest in MD alone (Figure I).
Omitting Guthion from the CM program enabled predator numbers to increase versus the
normal grower program. However, without some chemical supplement e.g. a low rate of
Agrimek, psylla and mite levels were still higher in the MD block after harvest (Table 2). After
six years in MD, codling moth and Jeafroller damage - mainly OBLR - was extensive.

23

TABLE 1
1994 SEASONAL TREATMENT HISTORY
PHEROMONE BLOCK*
March20-23
June 20-23
July 22-24

Pacific Biocontrol Isomate-C Dispensers, 400/A-CM
Isomate-C Dispensers, 400/A-CM
Isomate-C Dispensers, 400/A-CM

January
February
March
April 2
June 6
June 15
June 28
July3
July 16
September 13

Dormant oil
415 oil
Wettable sulfur
Dipel 2x (BT), 1 lb.IA - OBLR
Dipel 2x, I lb.IA - OBLR
Dipel 2x, I lb.IA - OBLR
Dipel 2x, l lb.IA - OBLR
Dipe/ 2x and Javelin, l lb.IA each - OBLR
Dipel 2x, 1.5 lb.IA - OBLR and Liquistik 200 (NAA), 20 oz.IA
Supreme oil

GROWER BLOCK*
January
February
March
April
April 25-28
May 17-18
June 6-8

July 18-22
September 13

Dormant oil
415 oil
Asana and wettable sulfur
Dithane and antibiotics
Guthion 50WP, 3 lbs.IA (Clvf) and antibiotics
Guthion 50WP, 3 lbs.IA (CM} and antibiotics
Guthion 50WP, 2.5 lbs.IA (CM) and 415 oil and Agrimek
.15 EC, 15 oz.IA
Guthion 50WP, 2 lbs.IA (CM) and Liquistik 200 (NAA),
20 oz.IA
Supreme Oil

• ongoing antibiotic treatments omitted
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Fig.
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Fruit samples from Kelseyville
Canopy sample, 1st generation, June 21
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ANOVA F(4,9)=1.9, P=0.19
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Canopy sample, 2nd generation, August 2
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TABLE 2
PEAR PSYLLA NYMPHS AND THRIPS
No. Infested Shoots I 20
THRIPS
(Broe Zoller)
4/15
5/6**

PP NYMPHS
5/17 filJi 7/17
8/24

TREATMENT

PHEROMONE!Trichogramma
GROWER

1
0

2

7

1

0

20(18)*
20(4)

14
1

18
0

• (actual no. PP)

** damage

PSYLLA AND BENEFICIAL ARTHROPODS
NO. PER 20 BEATS
August 24, 1994

TREATMENT

pp
Adults

PHEROMONE/Trichogramma
GROWER

142
20

True
Bugs Spiders
40

7
0

2

Wasps

GLW

Syrphid
flies

2
0

6

2

0

0

NO. INFESTED TOP SHOOTS/20
8/22 - 9/6/94
(Broe Zoller, Post-harvest Survey)

PP
PHEROMONE!Trichogramma
GROWER

2SSM

20(379)*
14(69)

7
2

ERM

PRED
MITES

20(L-M)**
3(L)

3
0

* (actual no. PP nymphs)

• * L = low levels
M = moderate levels

26

III. Biological Control
c. Biological control
I. Trichogramma platneri and leafrollers
R. S. Pfannenstiel, J. F. Brunner and M. D. Doerr
Washington State University Tree Fruit Research and Extension Center
1100 N. Western Avenue, Wenatchee, WA 98801
Leafrollers commonly become the key pest complex in orchards using mating disruption for the
control of codling moth. As mating disruption of codling moth is refined and implemented on
greater acreage, the amount of damage leafrollers cause to apples and pears will likely increase.
While Bacillus thuringiensis products, Lorsban and Penncap-M are useful at present, continued heavy
reliance on them may result in a rapid development of resistance. An alternative to using insecticides
for the control of leafrollers is the use of biological control agents. Currently we are conducting
research on several parasitoids which attack leafrollers and are attempting to achieve biological
control using conservation of native parasitoids, classical biological control and augmentative
parasitoid releases.

Parasitoid surveys: Surveys for naturally occurring parasitoids of leafrollers were conducted at three
locations in 1995, Mattawa, Tree Fruit Research and Extension Center (TFREC), and MiltonFreewater, OR (MF). The important parasitoids varied between location, and parasitoids were
observed to contribute significant mortality in two of the three locations. Tachinid flies were the most
common parasitoids attacking OBLR larvae at Mattawa and MF, causing about 50% and 17%
mortality, respectively. A pupal parasitoid (ltoplectis sp.) caused an additional 10% mortality at
Mattawa. At the TFREC, the primary parasitoid of Pandemis leafroller was C. florus which caused
>98 % mortality of summer generation larvae. Although releases of C. florus had been made in this
area in previous years, none were made in 1995.
Field releases of C. florus: Augmentative releases were made against the overwintering leafroller
generation in two locations in 1995, Mattawa (MA) and Milton-Freewater, OR (MF). Releases at MF
considered of a no-release control, an early release of 10 females per tree on release trees and a late
release of 10 females, and a single late release of 30 females per tree. Parasitism was highest in the
single late release plots with 52% parasitism on the release trees, less in the two-release trees (32%),
and 6% in the non-release control. The 6% parasitism in the control may be the result of dispersal by
the parasitoids or a background population of C. florus resulting from releases made in 1994.
C.florus dispersed several rows away from the release trees, although percent parasitism gradually
declined as the distance from the release trees increased.

Trichogramma dispersal: Several field tests were conducted using T. platneri in 1995. One test was
designed to look at parasitism rates in release trees at three release rates. Other tests addressed the
dispersal of T. platneri when released at several rates. The release rates used for all of the tests were
100, 1000 and 10,000 females per tree. The first dispersal study involved a single release at about the
time of peak egg density during the summer. Sections of cards containing eggs parasitized by
T. platneri were placed in the field. There were four replicates of each release level. The
experimental design consisted of a release tree, five sample trees in each direction within the same row
as the release tree, and three sample trees in each of two adjacent rows in either direction. The trees
sampled in adjacent rows were those nearest the release tree. Two similar tests using the same
experimental design were conducted, but weekly releases were made over the duration of the summer
generation oviposition period. Evaluation of parasitism was made by collecting all egg masses on all
trees described above. The egg masses were returned to the laboratory where the number of masses
parasitized and the proportion of eggs parasitized per egg mass were determined.
Rates of parasitism were fairly high at all release locations. Parasitism was dependent on release
rate with the proportion of parasitized egg masses and eggs per mass increasing with the number of
T. platneri females released. At Wondra orchard where releases were made throughout the summer
generation (six weeks), 88.6% of egg masses and 57.9% of all eggs were parasitized under high
release rates, 62.3 and 34.2% under medium release rates, and 33.0 and 8.5% under low release rates.
T. platneri dispersed readily, although the percentage of egg masses and eggs per mass parasitized
declined as distance from the release tree increased either within the same row or across rows
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(Tables 1 and 2). This decline in parasitism levels associated with dispersal was greater in orchards
with standard plantings than with the high density plantings. In the latter, trees within a row contained
a more continuous swath of foliage than under standard planting. Although the proportion of egg
masses parasitized was generally high, the proportion of eggs parasitized per mass was much lower
due to the large size of OBLR egg masses. When T. platneri was released weekly for the duration of
the oviposition period, total egg parasitism rarely exceeded 60% under even the high release rates.
Table I. Parasitism of egg masses and dispersal by T. platneri released against OBLR, 1995.
Percent eggs 12aras1ttzed
Across rows
Within the release row
{row number)
Release
Release Tree number {distance from release tree) Release
Adjacent rows
Location
rate
tree
I
2
3
4
5
row
1
2
Mattawa
100
58.9
34.5
5.0
44.3
40.0
41.8
21.2
(single
1000
100.0
93.3
79.2
75.0
80.2
39.3
95.8
48.1
release)
10000
100.0 100.0 100.0 100.0 100.0
57.5
100.0
99.3
Mattawa
100
(multiple 1000
release)
10000

35.5
64.5
100.0

28.3
65.5
84.3

27.4
54.9
83.5

33.6
63.1
78.3

13.3
62.4
70.0

3.7
35.1
62.3

30.9
65.2
89.6

37.2
37.2
67.0

Stoltz
1000
(multiple 10000
release)

52.0
80.0

64.0
79.0

47.0
13.0

17.0
36.0

9.0
29.0

15.0
33.0

59.0
80.0

22.0
40.0

30.0
36.9
35.6

Table 2. Total egg parasitism and dispersal by T. platneri release against OBLR, 1995.
Percent eggs 12arasitized
Across rows
Within the release row
{row number)
Release Release Tree number {distance from release tree) Release
Adjacent rows
Location
rate
tree
1
2
3
4
5
row
1
2
Mattawa
100
29.1
8.5
0.8
21.7
13.3
14.7
6.5
(single
1000
72.9
54.5
35.4
29.1
21.6
13.7
63.3
15.2
release)
10000
79.3
81.1
66.8
62.1
64.7
45.1
80.6
52.3
Mattawa
100
(multiple 1000
release)
10000

12.1
35.8
83.5

15.1
23.5
44.5

8.2
22.5
52.9

13.2
28.8
48.2

2.8
26.9
27.3

1.9
13.4
37.6

14.3
27.6
57.5

13.7
13.1
30.9

Stoltz

17.1
60.6

19.9
44.3

5.5
13.7

3.3
34.2

2.4
13.5

1.3
9.0

19.8
48.2

5.3
24.0

1000
10000

11.1
12.9
14.7

Summary: The success of mating disruption of codling moth will allow us to reduce pesticide input
into apples. However, the emergence of leafrollers as a pest in orchards under mating disruption is a
continuing problem. There are parasitoids (particularly C. florus) which show promise of controlling
leafrollers in orchards using soft pest control programs. Large plot studies on the ability of C. florus
to control leafrollers and continued studies on T. platneri in 1966 will give us a better understanding
of the potential of these parasitoids and hopefully will lead to their incoiporation into leafroller
control strategies in the near future.
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IV.

Chemical Control / New Products
c.
Biological Control
I.
Western Tentifonn Leafininer / Apple
R.E. Williams
DowElanco
2673 Selah Loop Rd.
Selah, WA 98942
509 / 697-9151

Western tentifo1m Ieafminer control with spinosad 1.6WP in commercial apple
orchards in the PNW, 1995.

Spinosad, the first active ingredient in the naturalyte class of insect control products, was
evaluated under commercial use conditions for the control of western tentiforn1 leafininer
(Phyllon01J1cter emalella) in apples in Washington and Oregon. Six Experimental Use
Permit trials of0.5-1.0 acre each were conducted during the 1995 apple production
season. Collll11ercial performance of spinosad l.6WP was compared to the industry
standard Vydate 1 Land an untreated check. Spinosad was applied at the rate of0.041 lb
ail I 00 gal spray volume, based on standard Tree-Row-Volume (TRV) dilute spray volume
calculations2 . Actual treatments were from 0.062 to 0.122 lb ai/A depending on tree size.
Vydate L was applied at 0.25-1.0 lb ai/A, depending on the standard practices at the
individual orchards. Applications were made with commercial orchard speed-sprayer
equipment per nonnal practices for the individual orchards, and were timed at first
appearance of 2nd generation tissue-feeding mines at 5 sites and at first appearance of 3rd
generation tissue-feeding mines at 1 site.
A summary across the six 1rials showed average total pre-treatment WTLM populations of
5.9 mines/leaf, well above the accepted economic injury level of2 mines/leaf About 0.6
mines/leaf or 10% of the mines were in the tissue-feeding stagc at time of treatment.
Post-trca1mcnt check populations increased from pre-treatment levels to about 10
mines/leaf, with 6.3 or 63% of the mines in tl1e tissue-feeding stage. Numbers oftissuefceding mines were lower in the Vydate and spinosad treatments than in the check. with
1.4 and 2.5 mines/leaf in the Vydate and spinosad treatments. respectively.
Mine dissections showed that post-treatment mortality ofbotl1 sap and tissue-feeding
mines was significantly greater in both the Vydatc and spinosad treatments than in tl1e
check. However, Vydate resulted in significantly greater mortality of tissue-feeding mines
than spinosad, suggesting a possible greater residual mortality with Vydate.

1

Vydate is a trademark ofE.L Du Pont De Nemours un<l Company.

2

TRV-Jilute (gpa) =

30 x in-row lrec spacing (ft) x tree height (ft)
between-row tree spacing (ft)
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PosHreatment parasitism of tissue-feeding mines averaged about 32%. with no significant
difforonces between treatments, although both the untreated and spinosad treatments
averaged about twice the level of parasitism as the Vydate treatments. The higher levels
of post-treatment parasitism in the spinosad 1rea1nients suggests a lesser impact on parasite

populations than the Vydate treatments.
An example of a clearly undesirable negative impact on beneficial arlhropod populations
was observed in one of the trials. At 35 days post-treatment, the European red mile
population increased over 15-fold in the Vydate lrealments to 31 mites/leaf compared lo 2
mites/leaf in bolh the untreated and spinosad treatments. Predator mite populations were
likely dismpted by the Vydate and the ERM flared to levels necessitating a miticide
application which was not needed in either the spinosad or check treatments.
Overall treatment differences for WTLM control were detennined from post-treatment
numbers of viable (live, non-parasitized) mines. Vydate resulted in significantly fewer
viable mines than 1he check treatments, while spinosad treatments were intennediate with

no significant difference between either the check or Vydate treatments. Vydate and
spinosad significantly reduced WTLlvf populations compared to the check, providing 94%
and 71 % control, respectively. Although Vydate generally outperfonned spinosad in these
trials, the relative difference would seem acceptable considering long-tenn values of
preserving beneficial populations with spinosad.
In conclusion, under conditions of moderate to high \VTLM population pressure,
commercial applications of spinosad l .6WP at 0.041 lb ai/100 gal TRV-dilute (0.0620. 112 lb ai/A, depending on tree size), did not reduce leafininer populations equivalent to
that ofVydate. However, spinosad significantly reduced leafininer populations compared
to the check with less impact on beneficial populations than Vydate. Since spinosad has
little to no adverse affects on beneficial parasite or predator populations compared to most
conventional insecticides, and since it has acceptable activity on tentifonn leailniner as
well as excellent activity on leafrollers (reported elsewhere), spinosad has the potential
to become a valuable tool in apple IPM strategies to manage pest populations while
preserving beneficial populations.
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IV.

Chemical Control/ New Products
c.
Biological Control
1.
Spinosad, a new Naturalyte Class insect control agent
RE. Williams
DowElanco
2673 Selah Loop Rd.
Selah, WA 98942
509 / 697-9151

Spinosad - The first product in the new natura!Jic class of insect control.
Spinosad is the common name of the active ingredient in the first product of a new class of
insect control agents called Naturalytes. Naturalytes are naturally produced metabolites
from living organisms that offer the combined benefits of the efficacy of synthetic
chemical classes such as pyrethroids, and !he toxicological profile and environmental
compatibility of the biologicals such as Bt. into a unique 1PM, resistance management
package. Spinosad is comprised of a mixture of spinosyn factors A and D, where
spinosyns are naturally-produced fennentation-based, macrocyclic lactones from
Saccharopolyspora spinosa, a new species of Actinomycete bacteria. More than 20 active
spinosyn factors have been identified, each with unique biological activity characteristics.

Although the exact mode of action of spinosad is not yet known, spinosad exhibits both
ingestion and contact activity in a manner distinct from all other insect control agents.
Because of this unique activity, no cross resistance with other insect control agents has
either been observed or would be expected.
Spinosad symptomology in insects is characterized by initial flaccid paralysis followed by
cessation of feeding, week tremors of crochets and mandibles, incoordination and death
wi1h limited to no recovery. Spinosad does not provide the inunediate knock.down
commonly observed with many conventional insecticides. The insect may remain alive for
hours to days following exposure, but continued damage caused by their feeding is
stopped within minutes of exposure.
TI1e spectnnn of control with spinosad includes a nnmber of artlu·opod Orders, including
several significant lepidopteran, coleopteran and dipteran pest species, such as leafrollers,
tcntifonn lea:fininers, citms thrips, peach twig borer, navel orangewonn, grape leaf
sk.eletonizer, grape berry moth, dian1ondback moth, loopers, pinwonns, homwonns,
annywo1ms, cutw01ms, budwonns, bollwo1ms, dipteran leafininers and Chrysomelid leaf
beetles (e.g., elm-lea±; flea, asparagus, cucumber and Colorado potato beetles plus
strawberry and com rootwonns).
Spinosad fomrnlations will carry the "CAUTION" signal word because spinosad is
practically non-toxic to birds and has a large margin of safety to mammals and aquatic
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organisms compared to other insect control agents. Spinosad also degrades rapidly in the
soil with no ground or surface water concems.
In addition to a high level of target pest efficacy plus high margins of salety for mammals,
birds and aquatic organisms, spinosad also has demonstrated a good margin of safety to
beneficial arthropods. Relative to common pyrethroid standards, spinosad has LC50
values IO - 30 times higher for tested Hymenopteran species, and greater than I 000-l'old
differences for many Hemipteran and Coleopteran species.
All these features that describe spinosad, the first naturalyte insect control agent, h-anslate
lo reduced risk factors leading to the following favorable regulatory attributes: spinosad is
active at grams ai/acre; spinosad is practically non-toxic to beneficial arthropods compared
lo conventional insecticides; spinosad is highly selective between target and non-target
organisms; spinosad provides efficacy against significant lepidopteran, dipteran,
coleopteran and other pests, which is equivalent or superior to cun-ent products: spinosad
is a nearly completely utilized fennentation product, resulting in a significantly reduced
production waste sh-emn compared to many current products; and 1PM options with
spinosad are great due to spinosad's low toxicity to beneficial arthropods and to an
effective and unique mode of action, which will allow for rotation and tank-mixing
without cross-resistance concems to reduce selection pressure and prolong usefulness of
cun-ent products.
In conclusion: (l) spinosad is a natural product with a wide margin of environmental and
human safety plus highly favorable regulatory alh-ibutes; (2) spinosad is a novel, highly
selective, fennentation-derived pest management tool with little or no effect on most
beneficial arthropods and without cross-resistance to conventional insecticides; and (3)
spinosad has acute and residual activity comparable to pyrethroids on significant
lepidopteran, dipteran and coleopteran pests.
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IV.

Chemical Control/New Products
a.
Chemical control: Applaud (buprofezin)
1.
San Jose scale
R. E. Rice and R. A. Jones
University of California
9240 S. Riverbend Ave., Parlier, CA 93648

Applaud (buprofezin) was field tested at the Kearney Agricultural Center in 1995 for
control of San Jose scale (SJS). This chemical is not yet registered in the U. S. It has
shown high levels of activity against homopterans such as leafhoppers, whiteflies, and
scales in other areas of the world. It is highly selective for Homoptera and has shown no
activity on Lepidoptera (moths), Diptera (flies), or Hymenoptera (wasps). It has shown
some effect on coccinellid beetles and some species of mites.
Applaud was applied on May 4, 1995 by handgun to mature Fairlane nectarines at 1.0 lb. ai
and 1.5 lb. ai per acre, using six single tree replicates per treatment. Three gallons of
mixed spray at 200 psi were applied to each tree (replicate) which was equivalent to 360
gpa. This spray volume provided total wetting ofleaves, twigs, and bark. Six Fairlane
trees in the same orchard were left as untreated checks. Application was to be timed
against first generation crawlers at ca. 500 D 0 after male biofix, and just prior to or at
0
expected peak crawler emergence. The material was actually applied at 532 D after
biofix, about three days later than desired. Treatment efficacy was determined in three
ways: percent scale infested fruit at maturity; collection of SJS crawlers on sticky tapes
(two/rep); and collection of male scale on pheromone traps (one/rep).
Mature nectarines were harvested on August 14 from all treatments. The results of the
treatments on fruit infestation were: untreated check, 53.0%; 1.0 lb. ai/acre, 9.7%; and 1.5
lb. ai/acre, 14.1 % infested. Damage reduction (control) with the 1.0 and 1.5 lb. rates were
81.7% and 73.4% respectively, which is considered very good given the high scale
population pressure on these trees. Collections of SJS crawlers on sticky tapes showed
excellent reductions in crawler populations for the season (second, third, fourth
generations) through October 30, 1995. Total post-treatment crawler counts from May 8
through October 30 were 5,903, 379, and 211 in the check, 1.0 lb., and 1.5 lb. treatments,
respectively. Differences in crawler counts were particularly noted during the third
generation in August and September.
Collections of flying male scale collected on the pheromone traps showed no significant
differences between trees or treatments from May 4 to October 30, probably due to males
flying from outside the single treated trees in response to the pheromone in traps. This
method of evaluating efficacy of scale controls should not be used unless larger blocks
(replicates) of contiguous treated trees are used.
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4. Chemical ControVNew Products
d. Chemical Conttol
Codling moth: Apple
. S. Pons, H. Riedl* and J. Avilla.
Crop Production & For. Sci., Univ. Lleida
Rovira Roure 177, 25006 Lleida, Spain
*Oregon State University
Mid-Columbia Agric. Research & Extension Center
Hood River, OR 97031

Project Title: Use of Tebufenozide for Codling Moth Conttol: Suscepubility of Life Stages,
Timing and Persistence
Tebufenozide has larvicidal and ovicidal activity a,,oainst codling moth. Eggs are more
susceptlble when laid on top of the residue. There is little or no activity when eggs are laid on
fruit. The oral LC50 for neonates on fruit was 12.09 ppm. The LC50 for the residual toxicity
of tebufenozide to codling moth eggs laid on leaves was 4.35 ppm. Codling moth eggs in black
head stage were not suscepuble when they were sprayed topically. Contact activity against
neonate larvae contnoutes little to the overall control at the rates used in the field.
Tebufenozide affects vitellogenesis. The number of eggs laid by females and the
viability of those eggs decrease when moths are sprayed topically or the moths are exposed to
the insecticide on treated branches.
Tebufenozide has good persistence in the field, and is active for more than one month
after being applied. The choice of adjuvant does not seem to be critical in the performance of
this product. However, spray volume seems to affect the effectiveness of tebufenozide in the
field. Tebufenozide provided better control when it was applied as a dilute spray at 400 GPA
compared with concentrate application at 100 GPA.
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I. Chemical Control
a. Chemical Control
1. codling moth (Cydia pomonel/a), apples (Ma/us domestica)
D.F. Mayer and J.D. Lunden
Washington State University, IAREC
Prosser, WA99350
This study was designed to evaluate the effects of applying V-71639 0.83EC
(Valent) or Guthion 50WP (Bayer) for control of codling moth.
Eight plots (0.5 acre, 6 rows x 11 trees) were established in a 16-year-old
commercial orchard of Red Delicious apples planted on a 16 x 18 spacing near Yakima,
WA. One plot was not treated and served as the untreated check. One plot was treated
with V-71639 (30 gm(Al)/acre), one plot was treated with V-71639 (40 g(Al)/acre), and
one plot was treated with V-71639 (50 gm(Al)/acre) at petal fall on 3 May. A second
application 21 days after the first using the same rates was applied to these plots on 24
May. One plot was treated with V-71639 (30 gm(Al)/acre) at first moth catch on 26 April
and this plot received a second application at the same rate 21 days later on 18 May.
One plot was treated with V-71639 (30 gm(Al)/acre) at 100DD after biofix on 15 May
followed by a second application at the same rate 23 days later on 7 June. One plot was
treated with V-76139 (30 gm(Al)/acre) at 200DD after biofix on 22 May followed by a
second application at the same rate 19 days later on 7 June. One plot was treated with
Guthion (1 lb(Al)/acre) at 200DD after biofix on 22 May followed by a second application
19 days later on 7 June. All plots were sprayed with a Rears (Eugene, OR) Pak-Blast airblast sprayer using 100 gallons of water per acre. Bloom in the orchard was at about
90% petal fall on 2 May.
Evaluations for codling moth damage were done 24 June by examining 1,000
randomly selected apples in each of the plots.
Results:
V-71639 (30 gm(Al)/acre applied on 3 May with a second application on 24
May). There was significantly less codling moth damaged fruit in this plot as compared
to the untreated check (Table 1). This rate and timing gave good control of first
generation codling moth larvae.
V-71639 (40 gm(Al)/acre applied on 3 May with a second application on 24
May). There was significantly less codling moth damaged fruit in this plot as compared
to the untreated check (Table 1). This rate and timing gave good control of first
generation codling moth larvae.
V-71639 (50 gm(Al)/acre applied on 3 May with a second application on 24
May). There was significantly less codling moth damaged fruit in this plot as compared
to the untreated check (Table 1). This rate and timing gave excellent control of first
generation codling moth larvae.
V-71639 (30 gm(Al)/acre applied on 26 April (first moth catch with a second
application on 18 May). There was significantly less codling moth damaged fruit in this
plot as compared to the untreated check (Table 1). This rate and timing gave excellent
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control of first generation codling moth larvae.
V-71639 (30 gm(Al)/acre applied on 15 May (first egg lay with a second
application on 7 June). There was significantly less codling moth damaged fruit in this
plot as compared to the untreated check (Table 1). This rate and timing gave excellent
control of first generation codling moth larvae.
V-71639 (30 gm(Al)/acre applied on 22 May (first egg hatch with a second
application on 7 June). There was significantly less codling moth damaged fruit in this
plot as compared to the untreated check (Table 1). This rate and timing gave good
control of first generation codling moth larvae.
Guthion (1 lb (Al)/acre applied on 22 May with a second application on 7
June). There was significantly less codling moth damaged fruit in this plot as compared
to the untreated check (Table 1). This rate and timing gave excellent control of first
generation codling moth larvae.

Conclusion:
All rates and application timings of V-71639 gave good control of codling moth
therefore, it is difficult to reach a conclusion on the best timing of V-71639 for control of
codling moth. The results of this test indicate that timing is not critical. However, the last
application timing, 2DODD after biofix, had the most codling moth larvae. Guthion gave
good control of codling moth larvae.
Table 1.
Treatment

The number of codling moth entries found in 1,000 apples on 24 June and
the percent damage. Yakima, WA 1995.
(Al)/acre)
No. Codling Moth Entries
% Damage

V-71639 0.83EC
30 gm
V-71639 0.83EC
40 gm
V-71639 0.83EC
50 gm
V-71639 0.83EC
30 gm
(treated at 1st
moth catch)
V-71639 0.83EC
30 gm
(treated at 1DODD
after biofix)
V-71639 0.83EC
30 gm
(treated at 200DD
after biofix)
Guthion 50WP
1 lb
Untreated check

3a
2a
Oa
Oa

0.3
0.2
0
0

Oa

0

4a

0.4

Oa
38b

0
3.8

Means within a column followed by the same letter are not signHicantly different at the P
Tukey's studentized range test.
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= 0.05

level,

4. Chemical Control/New Products
d. Chemical Control
Codling Moth: Apples, Pears

H. Riedl and S. Pons
Mid-Columbia Agricultural Re.search and
Extension Center
Oregon State University
3005 Experiment Station Drive
Hood River, OR 97031

Project Yrtle: Toxicity of Mineral Oil to Codling Moth Eggs on Different Host Plant

Surfaces
Laboratory and field studies have been conducted since 1991 to evaluate the potential of
horticultural mineral oils for control of codling moth on apples and pears. Oil is primarily
ovicidal against codling moth and has no or little activity a,,o-ainst other life stages. Oil has to
be applied topically to be effective. The toxicity of oil to eggs is strongly influenced by the
substrate on which eggs are laid. In laboratory tesrs, the LC50 for eggs on fruit ranged from
1.3 to 1.6% (v/v). There was no difference in the toxicity to eggs on the surface of apples or
pears. However, the toxicity of oil applied to eggs on leaves was much lower and varied
with the age of the eggs at the time of treatment. Young eggs in the white stage of
development were susceptible to oil. However, oil applied to eggs in the red ring stage on
either apple or pear leaves (upper and lower side) had no toxicity at rates ranging from 0.25
to 8. 0 %• Oil can be expected to be a better ovicide against codling moth on those cultivars
where a significant proportion of eggs are laid on the fruit.
Field tests confirmed the laboratory results. Dilute sprays of oil were effective against eggs
on the fruit but mortality on leaves was low. There was no difference in egg mortality
between handgun and radial airblast applications (400 GPA). Also, spray volumes from 100
to 400 GPA were equally effective. These studies suggest that field rares would have to be
increased to 4.0% to achieve 80 to 90% egg mortality. At this rate the risk of phytotoxicity
is unacceptably high. Even lower rates such as 1.0% can be phytotoxic to sensitive cultivars.
For instance, oil sprays applied six times over the season caused severe russet to Newtown
apples. Codling moth damage was reduced from 40% in the control to 20% in the oil
treatment which was still unacceptable. Summer use of oil has benefits for mite, leafhopper,
and pear psylla control.
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IV. Chemical Control/New Products
a. Chemical control
1. Summer oil for apple pest control
J. F. Brunner, Gary Grove, Betsy Beers, John Dunley,
M. J. Doerr, Bruce Hill
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801

Entomology results: Effects of summer oils were examined against the codling moth in a
replicated single-tree test as well as in several large blocks. In the small block test, three different
oils were applied at two rates (1 and 2% ). Each oil/rate treatment was applied eight times during
the season, four against each codling moth generation. Codling moth densities were extremely
high in the test block, but all oil treatments suppressed damage. The most significant effects were
noted against the first codling moth generation although at harvest injury to fruit was significantly
less than in the untreated check though not as good as the Guthion treatment. White apple
leafhopper and pandemis leafroller populations were also suppressed in the small block test. In a
large organic orchard (60 acres), oil (Orchex-796@ 1%) was combined with Ryania and mating
disruption to provide excellent codling moth control. In 1994 mating disruption alone did not
provide adequate control, as fruit injury at harvest exceeded 10%. In 1995 fruit injury at harvest
was low, and fruit finish on both Delicious and Golden Delicious was excellent. Oil (Orchex-796
@ 1%) was also used in the SARE project as part of a no-neuroactive insecticide program. It was
used to suppress codling moth along a border in two SARE orchards and as a complete cover
spray in another. The addition of oil sprays in these situations complemented mating disruption
sufficiently to provide acceptable codling moth control with no fruit marking.
Leafroller densities have. been suppressed by oil treatments timed to control codling moth. The
stage of leafroller affected by the oil treatments is thought to be the egg. To confirm this
hypothesis, a bioassay using Orchex-796 was conducted. Pandemis and obliquebanded leafroller
moths laid eggs on apple foliage in the laboratory. Leaves were removed and dipped in different
concentrations of oil (0.05% to 4.0%). Egg hatch was monitored for 14 days and mortality
recorded. Response was similar with both leafroller species. High pandemis leafroller egg
mortality occurred at 2% and 4% oil concentrations, with little effect at lower concentrations.
Obliquebanded leafroller eggs were more susceptible with high mortality, >90% at 2% and 4%,
but also with some mortality at 0.5% concentration. The bioassay technique provided repeatable
results so will be used to compare other oils in 1996. Preliminary field tests showed the effects of
oil on leafroller eggs; however, the effect on young larvae is also a possibility that needs
examination.
Mites - The test was conducted in a 2-year-old orchard of Redchief/M.26 with Golden
Delicious/MAC.9 pollenizers. Replicate blocks were based on a pretreatment population count of
European red mite. Treatments were applied with a handgun to the point of drip on 16 August.
Samples consisted of five leaves/tree picked at random throughout the canopy. The three oils
(Orchex 796, Orchex 692, WS-2928) provided the best knockdown of all the treatments tested (all
zeros on 23 August); however, there was some rebound in the Orchex 692 and WS-2928
treatments on 30 August and 6 September. The populations of this eriophyid mite were quite
variable before treatment. Post-treatment counts were generally low, but the population dropped in
the check as well. Mortality of T. occidentalis was substantial in the three oil treatments, indicating
that some contact toxicity may be responsible; however, these treatments also experienced a severe
decline in prey populations.

Leafhopper - In trials against the overwintering generation, pretreatment populations of
leafhoppers ranged from 2-3 nymphs/leaf. Oils applied at the standard timing reduced nymph
populations to levels significantly lower than the check by the second and third weeks post-
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treatment. There was no difference in oils at the same rate, a slight effect of oil rate (2 % better than
1%) and a strong effect of timing, standard being better than end of egg hatch.
In trials against the summer leafhopper generation, treatments were applied in July or mid-August.
In the July timing, three oil treatments (2% rate), Orchex 692 (1 %), and WS-2928E (1 %) had
means significantly lower than the check two weeks following application. For a given oil, there
were no differences between the 1% and 2% rates, and for a given rate there were no differences
among the oils. All three oils at both rates, with the exception ofWS-2928E (1 %), significantly
reduced leafhopper populations relative to the check during the primary part of the post-treatment
period. There were no differences between the 1% and 2% rates of the individual oils. Overall,
the oils did a fair job of suppressing leafhopper populations. For the July timing, initial
suppression was good but populations rose again, presumably as new nymphs appeared.
Suppression of nymphs at the later timing was generally equivalent to that of the early timing;
either timing would be sufficient. Timing the treatments for mid-August might eliminate more of
the larger instars, thus minimizing damage.

Plant pathology results: Oil sprays for the control of powdery mildew of apple at Quincy,
WA were applied to first-year Royal Gala apple trees. Sprays were applied to runoff with a
backpack sprayer operating at about 100 psi. Applications were made on 3,17, and 31 July and 14
and 28 August. There were five trees per replication arranged in a randomized complete block
design. On 8 August and 5 September foliar mildew incidence ratings were taken by determining
the proportion of terminals per tree infected with powdery mildew. Foliar mildew incidence at the
first and second ratings was 52 and 65% on the untreated control, respectively. Incidence on oiltreated trees ranged from 10% (Orchex 682, 2% v:v) to 35% (several treatments), and 20.0%
(Orchex 682 2% v:v) to 55.0% (Orchex 792 E I% v:v), respectively. Orchex 682 at 2% v:v
provided mildew control superior to the untreated control on both evaluation dates. Disease
pressure was heavy. There was no observable phytotoxicity.
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I. Chemical Control/New Products
a: Chemical Control
1. peach twig borer (Anarsia lineatella), peach & apricot

D.F. Mayer and J.D. Lunden
Washington State University, IAREC
Prosser, WA99350
Apricots
The test on apricots was conducted in a 12-year-old commercial 2.9 acre orchard
of Perfection apricots near Donald, WA. Applications were done 1 June. Spray
applications were done with a Rears (Eugene, OR) Pak-Blast air-blast sprayer using 100
gallons of water per acre. The south part of the orchard (1.9 acres) was used for a
pheromone mating disruption test with CheckMate PTB. Mating disruption dispensers
were hung according to the label at 6 to 8 feet off the ground to small limbs on the south
side of the trees on 17 May. A mating disruption dispenser was hung on each of the 330
trees in this plot. Evaluations of treatment effects on peach twig borer were done 27 June
by examining 400 apricots randomly selected from the center 4 trees of each plot and the
number of peach twig borer larvae recorded. For the mating disruption plot 400 apricots
from the west side and 400 from the east side were randomly selected.
Results on Apricots
There were no significant differences in the number of peach twig borers in the
plots treated with lmidan, Sevin XLR Plus, Sevin Gel or Checkmate PTB on 27 June
as compared to the untreated check (Table 1).
There were significantly fewer peach twig borers in the plots treated with Guthion,
Legion, Penncap MS, or TD 2351 on 27 June as compared to the untreated check
(Table 1).
Conclusion:
Guthion, gave fair control of peach twig borer. lmidan gave poor control of peach
twig borer. Legion gave fair control of peach twig borer. Penncap MS gave good control
of peach twig borer. Sevin XLR Plus (at this low rate) gave poor control of peach twig
borer. Sevin gel (at this low rate) gave poor control of peach twig borer. TD 2351-01
gave good control of peach twig borer. TD 2351-02 gave good control of peach twig
borer. TD 2351-03 gave good control of peach twig borer. CheckMate PTB mating
disruption gave poor control of peach twig borer.
Peaches
The test on peaches was conducted in a 2-year-old commercial 4 acre orchard c:if
"Whiteflesh" peaches near Pasco, WA.
Applications were done 7 June. Spray
applications were done with a Rears (Eugene, OR) Pak-Blast air-blast sprayer using 50
gallons of water per acre. The east part of the orchard (2.06 acres) was used for a
pheromone mating disruption test with CheckMate PTB. Mating disruption dispensers
were hung according to the label at 3 to 4 feet off the ground to small limbs on the south
side of the trees on 16 May. A mating disruption dispenser was hung on every other tree
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(416 dispenser covering 832 trees). Evaluations for the effects of the treatments on peach
twig borer were done 29 June by closely examining 63 trees in each of the plots and
recording the number of peach twig borer larvae found on the trees.
Results on Peaches
There were no significant differences in the number of peach twig borer in the
Garlic Barrier, Spinosad or CheckMate PTB plots on 27 June as compared to the
untreated check (Table 1).
There were significantly fewer peach twig borer in Guthion, lmidan
Malathion/methoxychlor, Penncap MS, Phaser, Thiodan and V-71639 plots on 29
June as compared to the untreated check (Table 1).
Conclusion:
Garlic Barrier gave poor control of peach twig borer. Guthion gave good
control of peach twig borer. lmidan gave good control of peach twig borer.
Malathion/methoxychlor gave good control of peach twig borer. Penncap MS gave
good control of peach twig borer. Phaser gave good control of peach twig borer.
Spinosad gave fair control of peach twig borer. Thiodan gave good control of peach
twig borer. V-71639 gave good control of peach twig borer. CheckMate PTB gave
poor control of peach twig borer.

Table 2.
Treatment

The percent control of peach twig borer from one test on apricots and
one on peaches. Donald and Pasco, WA 1995.
Rate/acre
% Control on Apricots
%Control on Peaches

Garlic Barrier
Guthion 50WP
lmidan 50WP
Legion SEC
Malathion/
methoxychlor
Penncap MS 2FM
Phaser 50WP
Sevin XLR Plus
Sevin gel
Spinosad 1.6%WP
TD 2351-01 4FM
TD 2351-02 4FM
TD 2351-03 4FM
Thiodan 3EC
V-71639 0.84EC
CheckMate PTB

8%
2 lb
61b
1 pt
3 qt

ND
48%
30%
39%
ND

13%
93%
100%
ND.
87%

1 gal
2 lb
2 pt
2 pt
3 lb
2 qt
2 qt
2 qt
5.3 pt
1 pL

74%
ND
0
0
ND
57%
52%
69%
ND
ND
22%

100%
80%
ND
ND
53%
ND
ND
ND
93%
100%
0

ND= no data
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I. Chemical Control/ New Products
a. Chemical control
Peach Twig Borer on Prunes, Almonds, and Cling Peaches
EFFICACY AND RESIDUE ANALYSIS OF PYRETHROID INSECTICIDES ON PEST AND BENEFICIAL SPECIES

Carolyn Pickel, Area 1PM Advisor
142-A Garden Highway
Yuba City, CA 95991
Project Leaders: Frank Zalom, Director Statewide 1PM Program; Mike Stimrnan, UCO-Ext. Toxicoligist; Bill
Olson, Butte Co-Farm Advisor, Bill Krueger, Glenn Co-Farm Advisor, and Rick Buchner, Tehama co-Farm
Advisor.
Insects and spider mites occasionally result in significant damage or yield loss in California prune, almond and
cling peach orchards. The future of conventional pesticides for use on all California crops is becoming
increasingly uncertain due to biological and regulatory factors.
The scientific literature implicates in-season applications of both permethrin (Ambush and Pounce) and
fenvalerate (Pydrin) with such outbreaks in apple and grape systems, and attributes the mechanism to killing mite
predators, dispersing the mites on the tree to create more mite colonies, or some other factor. Permethrin
applications at 16 oz per acre in almond orchards were shown to induce spider mite outbreaks in the ne>.i season in
a published study by Bentley et al. (1987). An unpublished study by Zalom and Hoy found permethrin residues on
the bark of almond trees in February from May or hull split applications the previous year. Pyrethroids are very
stable compounds, so it is not surprising that such results might occur.
Although the role of pyrethroids in mite and other pest outbreaks has been documented , it is important to revisit
them in relation to California orchards as their use increases. They are known to be effective as dormant sprays,
but it is not known if they can be safely used at that time. Similarly, the possible contribution of esfenvalerate and
permethrin applications either dormant or in-season to secondary outbreaks has not been established. Field trials
carefully testing these materials have been conducted to establish guidelines for their possible use in a pest
management program.
Methods:
Field trials carefully testing these materials were conducted in small and large orchard plots in 1995 for each
commodity including prunes, almonds, and cling peaches. Treatments in the small plots were applied by hand gun
to single trees in eight replicated complete blocks. Treatments consisted of dormant season esfenvalerate (Asana),
dormant, organophosphate, untreated control treatments, in-season esfenvalerate treatment and in-season
esfenvalerate treatment with a miticide for prunes and permethrin was included in the almond and cling peach
trial.
Treatments in the large plots, with a minimum of 8 X 8 trees with 3 replicates, were applied by an orchard sprayer.
Treatments consisted of Dormant oil, Dormant oil plus Asana, Dormant oil plus Diazinon, and Dormant oil plus 2
Bacillus thuringiensis (Bl) sprays during bloom, Dormant oil Diazinon plus in-season Asana, and Dormant oil
Diazinon plus in-season Diazinon for prunes and permethrin was incoporated in the almond and cling peach trial.
Cardboard bands were used to evaluate peach twig borer abundance. Beat sampling was used to evaluate general
predators. Monthly mites samples were taken to evaluate webspinning mites, european red mites, and predator
mites using a mite bruslring maclrine. Harvest samples were taken from the large prune and almond plots and
consisted of 100 fruit taken from 6 trees in the center of the plot and pooled for evalnation.

43

L

Pencil sized branches were cnt from trees in the esfenvalerate, permethrin and control treatments in the single tree
plots periodically during the season, and residue analysis reformed on the samples. A laboratory experiment was
conducted late in the summer to determine effect of residues remaining on almond twigs on the western orchard
predator mites. Predator mites were placed on 2 cm circular pieces on the twigs that were collected August 24th
arntevaluated for mortality. We intend to return to these same trees next season to monitor mite populations in the
_spring.
For the residue analysis, field collected twigs were stored at -21 degrees C in clean mason jars. The twigs can then
be thawed, and cut into sections about 1 inch long, Sections for analysis are chosen from the internodal portion of
the twigs to determine the surface area without the complication of buds and nodes. The length and diameter if
each section is determined and then each is immersed in hexane. They are then placed in a sonic dismembrator
and sonicated for 2 minutes to extract the pyrethroids from the plant cuticle. This process gets the insecticide out
of the waxy parts of the plant. Results of the extractions have shown that almost all of the insecticide is in the bark
and very little or none is in the woody portion. The extracted material is cleaned using solid phase extraction
(SPE) chromatography, and analyzed using a Gas Chromatograph. The entire cleanup and analysis process
involves about 20 separate steps, and Dr. Stimmann is then able to determine permethrin and esfenvalerate at
levels as low as 0.1 ng mm2 of bark surface.

Results:
The most interesting data was the laboratory test was conducted to determine survivorship of the western orchard
predatory mite, Galandromus (=Metaseiulus) occidentalis, on almond twigs collected on Angus! 24, 1995.
Table 1 I. Survival of G. occidenta/is 24 hours and 48 hours after being transferred on August 29, 1995, to twigs treated at

various dates with esfenvalerate and pennethrin.
Material
untreated

Application

Percentage

date
none

surviving 24 hrsl/

Percentage
survivinl; 48 hrsl/

esfenvalerate
2/3/95
19.6
8.4
esfenvalerate
2/3/95+ 7/12/9561.6
61.6
33.7
esfenvalerate
7/12/95
45.5
43.3
esfenvalerate
8/27/95
28.6
6.0
permethrin
2/3/95
53.6
48.1
permethrin
2/3/95 + 7/12/95
51.8
39.7
permethrin
8/27 /95
42.9
44.6
1/ n=4 replicates (40 predator mites total per replicate), means were adjusted for control mortality.

Conclnsions:
Overall mite abundance was very low in all the orchards probably because of the weather conditions occurring this
past spring. Further research is needed to determine whether residues remaining on twigs following applications
of these materials is sufficient to create a secondary pest problem. Although this is only the first year of the
research and not all of the data is analyzed, preliminary results show trends in the 3 commodities. In all 6 of the
field trials including both the single tree plots and the large plots we saw no mite problems with the lower rate (10
oz per acre) of both Ambush and Asana that had been used in previous research. In the 3 large field trials
Diazinon did not provide control of peach twig borer. In the lab trial conducted on almond bark collected August
24, 1995 we saw around a 50% mortality of predator mites in all of the treatments. It did not matter if the bark
had been sprayed with Ambush or Asana recently or if it had been sprayed dormant. Although, we saw no mite
outbreaks this past year, it raises questions about the potential for mite problems in a high mite year. It also makes
us wonder if the pyrethroid residues persist to August from a dormant spray, how long will the residue last? What
will be the long term considerations or problems associated with repeated applications?
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IV. Chemical Control/New Products
d. Chemical Control
1. Codling Moth and Pears
R. A. Van Steenwyk & C. F. Fouche
Department of Environmental Science,
Policy and Management
University of California,
Berkeley, CA 94 720

Evaluation of various application timings of Confirm for codling moth control in
pears: The trial was conducted in a commercial 'Bartlett' pear orchard in Suisan
Valley. Five treatments were replicated four times in a RBC design. Each
replicate was an individual tree. The treatments were Confirm at 0.3 lb (AI)/ac
which was applied once for control of the first codling moth (CM) generation and
once for control of the second CM generation at three different degree day (DD)
timings. The three DD timings targeted were: 100, 200 and 300 DD after biofix.
The three Confirm application timings were compared to Guthion which was
applied at 200 DD after the beginning of each flight and an untreated control.
Treatments were applied with a handgun operating at 200 psi with a finished
spray volume of 400 gal/acre (3.85 gal/tree). DD were calculated with a 2 April
biofix for the first generation and 25 June biofix for the second generation using a
single sine horizontal cutoff model with a lower threshold of 50" F and an upper
threshold of 88' F. Maximum and minimum air temperatures were obtained
from the IMPACT weather station at Cordelia, CA. Flight activity of male CM
was monitored with a pheromone trap placed in the experimental area.
Control of the first CM generation was evaluated on 13 June by inspecting 50 fruit
from the bottom of the tree canopy and 50 fruit from the top of the tree canopy per
replicate for CM infestation (a total of 400 fruit per treatment). Control of the
second generation was evaluated at commercial harvest on 24 July by inspecting
125 fruit from the bottom of the tree canopy and 125 fruit from the top of the tree
canopy per replicate for CM infestation (a total of 1000 fruit per treatment).

First Generation Evaluation: In the high and total fruit samples, Guthion
provided significantly better control than Confirm at the 200 DD application
timing but Guthion did not provide significantly better control than the other
treatments. In the low fruit sample, there was no significant difference among
the treatments. In the first generation evaluation, only 100 fruit per tree were
inspected for CM infestation to allow for sufficient fruit for the harvest sample.
Because of the low number of fruit inspected, the data should be viewed as
preliminary but it appears that the 300 DD timing of Confirm provided better
control than the 100 or 200 DD timings. A possible reason for the better control of
300 DD timing as compared to the 100 or 200 DD timings is the unusual cool
spring that caused a large and sustained second peak of the first CM flight which
occurred after 300 DD. In addition, the trial received about 3/4 inches of rain on 30
April to 1 May. This rain occurred about 7 days after the 200 DD application
timing and may have reduced the residual activity of Confirm. However, Guthion
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was also applied at 200 DD and CM infestation with Guthion was significantly
lower than that of Confirm applied at 200 DD. Also, the 300 DD timing allowed for
greater fruit and foliage expansion and thus greater insecticide coverage.

Harvest Evaluation: In the high fruit samples, Guthion provided significantly
better control than the three application timings of Confirm and untreated
control. The 300 DD application timing of Confirm provided significantly better
control than the untreated control and there was no significant difference in
percent CM infestation among the Confirm application timings. In the low fruit
samples, Guthion and Confirm applied at 200 DD provided significantly better
control than the untreated control and there was no significant difference in
percent CM infestation among the Confirm application timings. In the total fruit
samples, Guthion and Confirm applied at 200 and 300 DD provided significantly
better control than the untreated control and there was no significant difference
in percent CM infestation among the Confirm application timings. Spider mite
damage was evident in the Guthion treatment.
Conclusions: This trial was conducted in a mature pear orchard with a low to
moderate CM population. CM control in the Suisun Valley requires three to four
applications of Guthion at 0.75 to 1.5 lb (AI)/ac /application which are spaced
three to four weeks apart. This standard program results in CM infestation of
less than 0.5%. Confirm applied once for control of the first CM generation and
once for the second CM generation at the three DD application timings provided
some degree of CM control but the control was not comparable to two applications
of Guthion. The control achieved with two applications of Guthion would not be
acceptable to pear growers. Confirm application timings at 200 and 300 DD
appeared to provide slightly better control than an application timing at 100 DD.

Mean* Percent Codling Moth Infestation
High Fruit
Low Fruit
Total
Treatment Timing (DD)
1st 2nd
1st
2nd
1st
2nd
Guthion
200
0.5a 2.0a
0.5a 1.4a
0.5a 1.7a
Confirm
100
3.0ab 8.4bc
l.0a 5.6ab
2.0ab 7.0bc
Confirm
200
4.0b 7.8bc
l.0a 2.2a
2.5b 5.0ab
Confirm
300
l.0ab 7.0b
l.0a 4.2ab
l.0ab 5.6ab
Untreated
3.5ab 15.6c
0.0a 7.4b
I.Sa ll.5cb
* Means followed by the same letter within a column are not significantly
different (Fisher's protected LSD, P s 0.05). Data analyzed using an arcsin
transformation.
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N. Chemical Control/New Products
d. Chemical Control
1. Codling Moth and Pears
R. A. Van Steenwyk & C. F. Fouche
Department of Environmental Science,
Policy and Management
University of California,
Berkeley, CA 94 720

Evaluation of Ethrel with and without Silwet or ProGibb for acceleration of postharvest fruit maturity in pears: Two trials were conducted in commercial pear
orchards in the Suisun Valley and Sacramento River Delta. In both trials, ten
treatments were replicated four times in a randomized complete block design.
Treatments were applied with a handgun operating at 200 psi with a finished
spray volume of 400 gal/acre. In the Suisun Valley trial, the treatments were:
ethephon at 0, 300, 600 and 1200 ppm (0, 1, 2 and 4 pt Ethrel per 100 gal) with and
without Silwet L-77 at 0.05% and 0.10% by volume. The treatments were applied
between 8:45 am to 12:15 pm on 27 July. Temperature at 8:45 am was 77' F and at
12:15 pm was 91° F. The pH of the water was 6.84. In the Sacramento River Delta
trial, the treatments were: ethephon at 0, 300, 600 and 1200 ppm (0, 1, 2 and 4 pt
Ethrel per 100 gal) with and without gibberellic acid at 25 and 50 ppm (10 and 20 oz
ProGibb 4% per 100 gal). The treatments were applied between 7:50 am to 11:45
am on 8 Aug. Temperature at 7:50 am was 68° F and at 11:45 am was 82° F. The
pH of the water was 6.76.
The effect ofEthrel with and without Silwet or with and without gibberellic acid on
fruit drop and fruit maturity (fruit pressure and fruit color) was evaluated at 7
and 14 days after treatment (DAT). The day before treatment, fruit color and
pressure were determined on 25 rattail and 25 mature green fruit from the plot.
In addition, 10 rattail and 25 mature green fruit were flagged per replicate.
Percent fruit drop was based on the number of flagged fruit remaining on the
trees at 7 and 14 DAT. Fruit maturity was based on color using a standardized
peach maturity color chips which were provided by the California Tree Fruit
Agreement. The chips were modified to reflect more accurately pear maturity.
We assigned color A= 1, C = 2, D = 3, H = 4, I= 5, and J = 6. Fruit pressure was
determined with a penetrometer taking 3 readings per fruit. At 7 DAT, fruit color
and pressure were determined on 5 unflagged rattail fruit and mature fruit per
replicate. At 14 DAT, fruit color and pressure were determined on all flagged
fruit remaining on the trees.
The Suisun Valley trial should be considered a rigorous test of Ethrel and Silwet.
The materials were applied two to three days after the study site was picked and
picking operations were continuing in the orchard on the date of application.
Mature fruit drop was significantly increased over the untreated control with the
use ofEthrel (2-4 pt/100 gal) while rattail fruit drop was not increased with the use
of Ethrel. The addition of Sil wet to the Ethrel did not greatly increase the mature
fruit drop. Past research has shown that if pears reach a fruit color of 3 or
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greater and fruit pressure of 10 kg/cm2 or less then the pears cannot support the
complete larval development of codling moth. The pears are rotting faster then
the larvae can complete their development. Based on this research, 1200 ppm
ethephon (4 pt Ethrel/100) and possibly 600 ppm ethephon (2 pt Ethrel/100) plus
0.05% Silwet would prevent codling moth development in mature fruit but not
rattail fruit at 14 DAT. Next spring, we will evaluate the trees for return bloom
and fruit set.
The Sacramento River Delta trial should be considered a fairly rigorous test of
Ethrel and ProGibb. The materials were applied seven to eight days after the
study site was picked and picking operations terminated in the orchard on the
date of application. Mature fruit drop was significantly increased with the use of
Ethrel (2-4 pt/100 gal) while rattail fruit drop was only slightly increased with the
use ofEthrel. From this trial, 1200 ppm ethephon (4 pt Ethrel/100) at 7 DAT and
all rates of ethephon at 14 DAT would prevent codling moth development in
mature fruit. However, only 600 and 1200 ppm ethephon (2 and 4 pt Ethrel/100 gal)
at 14 DAT would prevent codling moth development in rattail fruit. The addition
of ProGibb to ethephon did not greatly accelerate fruit maturity. Next spring, we
will evaluate the trees for return bloom and fruit set.
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IV. Chemical Control/New Products
d. Chemical Control
1. Codling Moth and Walnuts
R. A. Van Steenwyk & C. F. Fouche
Department of Environmental Science,
Policy and Management
University of California,
Berkeley, CA 94 720

Evaluation of insect growth regulators for codling moth control in walnuts: The
trial was conducted in a commercial 'Payne' walnut orchard near Tracy, CA.
The orchards was selected because of high codling moth (CM) pressure the
previous season. Twelve treatments were replicated four times in a RCB design.
Each replicate consisted of an individual tree. Treatments were applied with a
hand-held orchard sprayer operating at 300 psi and delivering 400 gal/acre of
finished spray (5.7 gaVtree). Application timings were based on degree days (DD).
DD were calculated with a 2 Apr biofix for the first generation and 25 Jun biofix
for the second generation using a single sine horizontal cutoff model with a lower
threshold of 50° F and an upper threshold of 88° F and with air temperature from
the San Joaquin County weather station in Tracy. Target application timings
were: Confirm and Neemix - 250 DD from 1st and 2nd biofix and 1250 DD from 2nd
biofix, Dimilin - 300 DD (combined with Lorsban), 900 and 1900 DD from 1st biofix,
Comply and Pyriproxyfen - 300 DD (combined with Lorsban or Lorsban alone)
from 1st biofix, 100 and 1100 DD from 2nd biofix and grower standard - 300 DD
from 1st biofix, 250 and 1250 DD from 2nd biofix.
Control of the overwintering CM generation (first application) was evaluated by
inspecting all dropped nuts weekly from 31 May through 7 Jul for CM infestation.
Control of the summer generations was evaluated by inspecting 100 nuts/tree at
commercial harvest on 18 Sep for CM and navel orangeworm (NOW) infestation.
The trial was conducted in an orchard which had experienced more than
10% CM damage the previous year and the trial should be considered a very
rigorous test of the experimental materials. Pheromone trap counts indicated a
high CM population during this trial. All insect growth regulators except
Lorsban followed by the low rate Comply and both rates of Neemix provided CM
control. However, since 4.9% or less total infestation is required for class 1
walnuts, only Confirm, Comply + Lorsban combination followed by high rate of
Comply, Pryiproxyfen + Lorsban combination or Lorsban alone followed by the
high rate of Pyriproxyfen gave commercially acceptable control. No walnut aphid
or two-spotted spider mite flare-ups were observed with any treatment.
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Treatment
Confirm 2F +
CS-7 (by vol.)

Mean*No.
CM-infested
drO!l!led nuts/tree

lb (AI)/ac
0.25
0.06%

Mean* percent CM &
NOW infested nuts

3.3a

0.8a

Dimilin 25WP +
Lorsban4 E
Dimilin 25WP

0.25
1.0
0.25

10.0a

7.0bc

Comply 40WP +
Lorsban4E
Comply40WP

0.125
1.0
0.125

10.3a

2.5ab

Lorsban4E
Comply40WP

2.0
0.094

8.3a

13.8cd

Lorsban4E
Comply40WP

2.0
0.125

4.8a

6.0bc

Pyriproxyfen 0.83 EC +
Lorsban 4E
Pyriproxyfen 0.83 EC

0.066
1.0
0.088

6.0a

4.5ab

Lorsban4E
Pyriproxyfen 0.83 EC

2.0
0.066

6.5a

7.3bc

Lorsban4 E
Pyriproxyfen 0.83 EC

2.0
0.088

4.3a

3.5ab

Neemix 0.25%

0.01

25.8b

17.0d

Neemix 0.25%

0.02

30.8b

14.0cd

Lorsban 4E
Guthion 50W

2.0
1.5

9.3a

4.8ab

Untreated
40.3c
17.0d
* Means followed by the same letter within a column were not significantly
different (Fisher's Protected LSD, P .s:. 0.05).
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I.

Chemical Control/New Products
a. Chemical Control
1. Pear Psylla: Pear
2. Codling Moth: Apple, Pear, Walnut
3. San Jose Scale: Apple

Len Welch, Mike Ansolabehere and Tom DeWitt
Valent USA Corp.
P.O. Box 300
Hood River, OR 97031

PYRIPROXYFEN (V-71639), Overview of a New Insect Growth Regulator.
Pyriproxyfen is an insect growth regulator (IGR) from the research laboratories of Sumitomo
Chemical Corp., and is being developed in the Unites States by Valent USA Corp.
Pyriproxyfen acts as a juvenile hormone mimic. The presence of juvenile hormone (JH) induces
larval molting and the absence of JH induces pupal or adult molting. The same hormone is
present in female adults and is called gonadotrophic hormone and its presence assures proper
egg formation. The application of V-71639 disturbs the hormonal balance in insects and causes
inhibition of metamorphosis , embryogenesis, reproduction and larval development in certain
insects.
V-71639 has shown activity in fruit and nut crops for control of __pear psylla, lepidoptera species
(codling moth, navel orange worm, peach twig b{).rer2 obliquebanded leafroller; pandemus), and
scale insects (San Jose scale, California red scale; black scale). V-71639 has also shown
excellent whitefly activity on a number of crops including the silverleafwhitefly on cotton. Ant
activity is also well documented, particularly in combination with a bait to help move the
product down into the nest. V-71639 does l!_Ot havt:_!!!J!e activity.
Bee toxicity is not a problem even when V-71639 is applied directly to blooming crops.
V-71639 applied to blooming pears or to blooming white dutch clover did not affect honey bee
foraging, the number of dead bees found in Todd bee traps, or the development of eggs and
larvae when capped cells were examined (Dr. D. F. Mayer, WSU, Prosser, WA-1994). V-71639
has also been shown safe to beneficial insects such as Orius, Anthocoris, Aphytis, and Encarsia.
Physical properties include low solubility in water (0.36 mg/liter at 20 C), but easily soluble in
most organic solvents. V-71639 is sensitive to water and photo degradation, however once
inside the leaf itself the material is considerably more stable. Toxicology of the technical
material include acute oral LD50 to the male and female rat is >5000 mg/kg and acute dermal
LD50 to both male and female rat is >2000 mg/kg. V-71639 is minimally irritating to the eye of
the rabbit.
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V-71639 is formulated as a 10% EC (100g ai/liter or 0.83 lb ai/gallon). Application rates
tested on tree fruits have ranged from 30-50 grams ai/A (.066 to .11 lb ai/A) applied in water
volumes of 50-350 gallons per acre.
Major areas of future research will be to refine application timing for each of the target pests and
to expand the documented spectrum of activity for V-71639.
V-71639 has shown promising activity on a number of economic tree fruit pests, with good
selectivity to parasite and predator populations. V-71639 will be an additional tool for
integrated pest management programs available for rotation with conventional pest control
materials or possibly in conjuction with mating disruption programs being developed.

file a:\pnwconf.abs
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ORCHEX 796 OIL TESTS
WESTERN TENTIFORM LEAFMINER
Nana Simone
Simone 1PM Consulting
89908 Hanks Rd.
Prosser, WA 99350
(509) 973-2941 ph/FAX
nana_simone@tfrec.ncw.net
Orchex 796 oil was evaluated for first generation leafininer control in a one-acre plot of
Granny Smith apples. The spray was applied at pink after egg laying had begun. Orchex 796 was
applied to 12 -14' trees on V-trellis by air-blast sprayer in a 1% solution at JOO GPA on 5 April.
The treated plot consisted of3 rows in the interior ofa unifo1111 block. Check samples were taken
from adjacent rows on both sides of the treated section.
It wasn't possible to make a pre-spray egg count. Egg sampling was done 6 days after the
oil application. Eggs were counted on 3 - 4 leaves per cluster, 25 clusters per treatment Sampling
indicated that the oil apparently had a deterrent effect on egg-laying as well as being ovicidal.
No phytotoxicity was obseived
Because the treated section was only three rows wide, it was assumed that moth migration
would cancel any 2nd generation effects, so no subsequent sampling was done.
eggs/leaf
minea/leave5
"

If

date
11 April
1 May
9 May

Orchex 796

Check

1.82
0/50
1/100

3.3
21/50
52/100

An Orchex 796 test on 3rd generation leafininer was run on grafted Fuji in third leaf.
Seven rows were treated with a 1% solution at 200 GPA on approximately 20 July. Egg laying had
just begun by 13 July. Egg sampling proved too difficult because ofleaf fuzziness, so only mines
per leaf were evaluated I selected the youngest infested leaves on the shoots in order to sample for
3rd generation only. These were somewhat difficult to find, so only 50 leaves were sampled per
treatment
The egg-laying period was protracted over approximately 3 weeks, making for a long
control window. The oil residues may have weathered and lost effectiveness over time, or may
have been dislodged by the overtree sprinkler inigation sets.
mines/leaf

date
10 August

l rnIre,

Orchex 796
5.7

Check
11.1
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V.

Pesticide Resistance
a.
Pesticide Resistance
I.
San Jose scale
R. E. Rice and R. A. Jones
University of California
9240 S. Riverbend Ave., Parlier, CA 93648

Laboratory trials were started in 1994 at the Kearney Agricultural Center to evaluate the
possible resistance of San Jose scale (SJS) to chlorpyriphos (Lorsban), an organophosphate
insecticide commonly used in dormant sprays in deciduous fruit orchards. Sources of SJS
used in these tests were from a long-term laboratory colony (susceptible strain), a field
colony from a stone fruit orchard at Kearney unsprayed for over 20 years, and two
commercial orchards from the Reedley-Parlier area. Preliminary results from late 1994
indicated considerable differences in susceptibility among the four SJS colonies to
chlorpyriphos (Fig. 1).
The results of these laboratory tests in 1994 show 100% mortality of SJS treated at 5.62
ppm when 24-48 hr. old (whitecaps), while one of the field collected strains of SJS showed
only 76.1 % mortality at 562 ppm chlorpyriphos.
A fresh supply of wild gourds was collected in October 1995, and additional replications
and dose rates of chlorpyriphos against SJS are being tested at the present time. If
continued testing in the laboratory continues to show the same trends in dose-mortality of
SJS, it could be anticipated that significant levels ofresistance to OP insecticides are
present in field populations of San Jose scale.
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Fig. l.

Mortality of San Jose scale on gourds at increasing concentrations of
chlorpyriphos in laboratory trials.
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Betsy Beers
Section Leader

6.

Biology I Phenology
a.
Biology
1.
Exotic Fruit Tree Pests in Whatcom County, Washington
Eric LaGasa
Plant Services Div., Wash. St. Dept. of Agriculture
P.O. Box 42560, Olympia, Washington 98504-2560
(360) 902-2063
a348sproolwa@attmail.com

The Washington State Department of Agriculture (WSDA) has conducted detection surveys and other
field projects for exotic pests since the mid-1980's, with funding provided by the USDA/ APHIS
Cooperative Agricultural Pest Survey (CAPS) program. Recent discovery of several exotic fruit tree
pests in northwestern Washington prompted a 1994-1995 CAPS survey of apple trees to identify all
leaf-feeding apple pests currently in Whatcom County. Additional exotic apple pest species, new to
either the region or U.S. were discovered. This paper presents some brief descriptions of species
detected in that project, and other exotic fruit tree pest species discovered in northwest Washington
since 1985.
Table 1. - Exotic Fruit Tree Pests New to Northwestern Washington State - 1985 to 1995

green pug moth - Geometridae: Chloroclystis rectangulata (L.)
An early, persistent European pest of apple, pear, cherry and other fruit trees. Larvae attack buds,
blossoms, and leaves from March to June. Damage to blossoms causes considerable deformation of
fruit. Larvae are common in apple blossoms in Whatcom County, where it was first reared from apple
trees in 1994. This pest, new to North America, was also recently detected in the northeastern U.S.
/ Croesia holmiana - Tortricidae: Croesia holmiana (L.)
A common pest of many fruit trees and ornamental plants in Europe and Asia, where it is considered
a minor problem. Spring larval feeding affects only leaves. First reported in B.C. in 1977, this pest
has been collected in large numbers in survey traps (for other pest species) throughout the Puget
Sound area since the mid-1980's. Reared from apple trees in Whatcom County in 1994, larvae are
common on apple trees in that county. This pest is not known to occur anywhere else in North
America.
apple leaf midge - Cecidomyiidae: Dasineura mali (Kieffer)
This apple leaf feeding gall-fly was first reported from Whatcom County in 1994 by Dr. Elizabeth
Beers, who was contacted by a field consultant seeking a treatment for this unrecognized pest. Larval
feeding damage from three or more generations per year is limited to new leaves, but heavy
populations can reduce growth and stunt young trees. Originally from Europe, apple leaf gall midge is
also found in the northeastern U.S., eastern Canada, and New Zealand. Although now common in
northern Whatcom County, the 1994 discovery may be the first documentation of this pest in western
North America.
·
cherry bark tortrix - Tortricidae: Enarmonia formosana (Scopoli)
An unusual bark-feeding European tortricid pest of many Prunus spp., apples, and some
ornamentals. Larvae attack the bark of older trees. Branches and whole trees may be killed.
Reported in B.C. in 1990, it was found in Whatcom Co. in 1991. Much of the Puget Sound area is now
infested. Most older cherry trees in Whatcom County are very heavily infested, particularly grafted
flowering cherry varieties. This difficult-to-control pest is also new to North America.
v

/green budworm - Tortricidae: Hedya nubiferana (Haworth)
This European leafroller is also found in the Eastern U.S. and Canada, Considered a minor pest in
Europe, the literature notes the pest as sometimes abundant in unsprayed orchards. Overwintering
larvae feed on opening leaf and blossom buds in spring, and may also bore into and kill new branch
tips. First described from B.C. in 1914, a few specimens reared from apple leaves in Whatcom County
in 1994 are the first known detections in the Western U.S.
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/European common emerald - Geometridae: Hemithea aestivaria (Hiibner)
Overwintering larvae feed in the fall and spring on many plants, including most fruit trees in Europe
where it causes minor damage. First discovered in B.C. in 1978, it was reared from apple trees in
Bellingham in 1994. This pest is not known to occur anywhere else to North America.
winter moth - Geometridae: Operophtera brumata (L.)
A common and destructive pest of many ornamental plants, fruit trees, and forest trees in Europe.
Larvae feed on buds, leaves, and blossoms from very early spring until June. Damage to blossoms
and developing fruit produce a high percentage of distorted fruit. Persistent and extensive damage
has been reported from introduced populations in eastern Canada, Oregon, and B.C .. Apple, cherry,
maple, and many ornamental trees have been heavily defoliated in areas of Whatcom County since
discovery of the pest there in the mid-1980's.
Pandemis heparana - Tortricidae: Pandemis heparana (Denis & Schiff.)
Larvae feed on many trees and shrubs, including apple, pear, plum, and some berries. Typical
leafroller damage in spring mostly affects leaves, but flower and fruit feeding can cause loss or
blemishes. Common in Europe. where it is considered a minor pest, it was found in B.C. in 1978, and
reared from apple trees in Whatcom County in 1994. Recently discovered in museum collections in
Northeastern States, it is probably also established there.
/barred fruit tree tortrix -Tortricidae: Pandemis cerasana (Hiibner)
Another European species of Pandemis, similar in appearance and biology to P. heparana, but
considered more of an economic pest. Blossom and fruitlet damage from large populations produce
blemished fruit of apple, pear, cherry, plum, and other fruit crops in Europe. Also found in B.C. in
1978, and reared from apple trees in Whatcom County in 1994. This species is not known to occur
anywhere else in North America.

lesser bud-moth - Gelechiidae: Recurvaria nanella (Hiibner)
Larvae of this pest feed on leaves and blossoms of apple, plum, and many other fruit trees in early
spring. Originally from Europe, where it is a destructive pest, this pest was also introduced into
Northeastern U.S. in the late 1700's. It is now common in apple buds before bloom in much of the
East. It was first recorded as a pest of apples in B.C. in the 1950's. Specimens reared from apple
leaves in Bellingham in 1994 may be the first from the Western U.S.
Swammerdamia pelicaria - Yponomeutidae: Swammerdamia pelicaria (Retz., 1783)
The distinctive larvae of this pest feed on the upper surface of apple and hawthorn leaves in early and
late summer. It is native to Europe and Asia, where it is not considered an important pest. This pest
was probably first recorded in Bellingham in 1942, and later in B.C. in 1979, although changes in
species name confuse the first records. It is included in this list of recent discoveries because, other
than the single 1942 collection record, no other information on its presence or populations in
Washington exist. It was reared from apples leaves in Whatcom County in 1994 where larvae are
now common. The WA./B.C. population of this pest is the only known infestation in North America.
apple ermine moth - Yponomeutidae: Yponomeuta malinellus (Zeller)
Web spinning larvae feed on apple leaves from April to June. Fruit may also be deformed where it
comes in contact with larval webs. Backyard apple trees in some areas of Whatcom County were
completely defoliated by this pest in the late 1980's. First discovered in B.C., Canada in 1981, this
European pest is not found anywhere else in North America. Since discovery in Whatcom County in
1985, it has spread throughout all of Washington and into Oregon. Introduced biological control
agents are now established in several western Washington counties.
/ cherry ermine moth - Yponomeutidae: Yponomeuta padella (L.)
European cousin of the apple ermine moth, the larvae feed on more hosts, including most Prunus spp.,
hawthorn, mountain ash, and serviceberry. First discovered in B.C. in 1992, and confirmed in
Whatcom County in 1994, this species is new to North America. A 1995 survey found small numbers
of the pest as far south as Lewis Co., but not in E. WA.
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VI. Biology/Phenology
a. Biology
1. Leafroller mating disruption on apple

J. F. Brunner, M. J. Doerr, Lyla Lampson
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801
Leafroller dispersal - The investigation of LR behavior is complicated by the ability to find
"clean" orchards in which to establish studies. Two sites were located in Milton-Freewater, OR
(MF) and one in Wenatchee. Hand removal of LR larvae (OBLR) was required in the MF sites.
Larvae from other locations that had high infestations were collected and transported to test site
orchards and placed on selected trees (release trees). There were three replicated release tree sites
at each study location. The number of larvae successfully establishing on release trees was
determined by counting the number of active feeding sites per tree following the final infestation.
Only one MF location proved to have enough LR larval establishment to continue the test At the
other two locations parasites (C.florus at the Wenatchee location) attacked the majority oflarvae
released on trees.
Following the emergence of moths, oviposition and egg hatch period, each release tree and trees in
main compass directions away from the release trees were sampled for the presence of hatched egg
masses and live LR larvae. The number of egg masses and larvae were recorded. The vast
majority of egg masses occurred on the release trees, 88% when considering distribution within the
same row as the release trees and 98% when considering distribution across rows (Table 1). There
was more dispersal within the same tree row as the release trees, but only after about two trees
from the last release tree was there any difference. There was less movement of female moths
across rows with virtually no egg masses found more than two rows from the release trees.
The distribution of OBLR larvae on release and non-release trees is given in Table 2. The pattern
was similar to that observed for the egg masses though some limited dispersal was detected at
greater distances from the releases trees compared to the egg masses. This suggests that
ballooning larvae can spread considerable distances from the site of an egg mass but the proportion
actually surviving to establish at these distances is very low. Very few larvae survive, even on
trees where egg masses occurred. The overall percentage of larvae on trees relative to the number
of eggs was only 1.3%. This shows that there is tremendous natural mortality of LR larvae when
they attempt to disperse, especially on small trees.
Table 1. The average number and percentage of OBLR egg masses located on release and nonrelease trees in the dispersal study at Milton-Freewater, OR - 1995.
TREE
Release tree
Dl
D2
D3
D4
D5
D6
D7

EGGS-ACROSS
32.33
0.25
0.08
0.33
0.00
0.00
0.00
0.00

EGGS-WITHIN
32.33
3.33

0.17
0.17
0.17
0.17
0.17
0.00
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%ACROSS
97.98%
0.76%
0.25%
1.01%
0.00%
0.00%
0.00%
0.00%

%WITHIN
88.58%
9.13%
0.46%
0.46%
0.46%
0.46%
0.46%
0.00%

Table 2. The average number and percentage of OBLR larvae located on release and non-release
trees in the dispersal study at Milton-Freewater, OR - 1995.
TREE
Release tree
D1
D2
D3
D4

D5
D6

D7
D8
D9

D10
D11

LARYAE-ACROSS

80.3
3.2

0.9
0.2
0.2
0.8
0.3
0.3
0.0
0.0
0.1
0.1

LARYAE-WITHIN

80.3
11.2
0.8
0.3
0.8
1.0
0.8
0.0
0.5
0.3
0.2
0.0
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%ACROSS
93.1

3.7

1.1
0.2
0.2
1.0
0.3
0.3
0.0
0.0
0.1
0.1

% WITHIN

83.4
11.6
0.9
0.3
0.9
1.0
0.9
0.0
0.5
0.3
0.2
0.0

VI. Biology/Phenology
a. Biology
1. Pentatomidae on apple and pear
Peter McGhee, J. F. Brunner and M. D. Doerr
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801

Phenology and development: Stink bug populations were monitored in three geographic
regions, Cashmere valley, Entiat valley and Manson. Native habitats and associated orchards
within each area were sampled using a variety of different methods. Sweep sampling of some
plants seemed to be appropriate but was not considered an acceptable means of collecting stink
bugs in other habitats. Beating tray sampling worked well to sample stink bugs in bitterbrush
habitats.
At least five known species of stink bugs were collected from different plants (Table 1). These
species were most common in collections, but several other species that were less common have
been submitted to experts for identification. Adult stink bugs were found in spring samples on
wild rose, bitter and chokecherry, serviceberry and bitterbrush. They were also primary host
plants associated with oviposition in the frrst generation. First through fifth instar nymphs were
found on all these plants in early July. However, the number of stink bugs declined dramatically
throughout June and July, possibly associated with natural mortality. As hillside host plants dried
as the summer progressed, adults were concentrated on more succulent vegetation.
Table 1. Stink bug species collected from habitats in northcentral Washington, 1995
Common name
Consperse stink bug
Redshouldered stink bug
NONE
Green soldier bug
NONE (predacious species)

Scientific name
Euschistus conspersus
Thyanta accerra
Chlorochroa sp. (two at least)
Acrostemum hilare
Brochymena sp.

Stink bug eggs were found on the undersurface of the leaves of pear and apple orchards located
near native habitats where stink bug adults were common during the spring. However, no nymphs
were detected in the orchards throughout the summer, suggesting that apple and pear are not
acceptable host plants or that sprays applied for pests eliminate stink bugs as well.
There was a second generation of most common stink bug species, a fact not considered common
in WA. Eggs of the second generation were laid on a different group of host plants compared to
the frrst generation. The second generation appeared to overlap with the frrst generation. The frrst
eggs were found in late August.
During late June, July and August the most common host plants were brambles, thimbleberry,
snowberry, sumac, poplar and common mullein. Stink bug densities were low on wild rose and
uncommon on serviceberry and wild cherry in mid-summer.

Biological control: The only natural enemies of stink bugs discovered were egg parasites. At
least two species of egg parasitoids were reared from natural collected stink bug egg masses, and
these have been submitted to experts for identification. Most parasites were reared from eggs of
Euschistus and Acrostemum. Egg masses obtained from colonies established in the laboratory
were placed in the field, attached to native host plants, to determine the level of activity of parasites
and to evaluate the methodology. Twenty-four such egg masses were placed in the field, and over
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85% were found to be parasitized after recovery. Parasites from these samples have also been
submitted for identification.

Trap crops: Less progress was made on this objective than was planned, primarily due to a late
start in propagating plants and because of the time commitment associated with monitoring native
habitats. The initial efforts on traps crops focused on the use of tomatoes planted around orchard
perimeters. Tomato is known as a host for most species considered important in the region.
Tomatoes in most sites did not grow well, in part because they were planted too late. Green beans
and squash will be used as trap crops in addition to tomatoes in 1996. Native plants identified as
key stink bug hosts will be considered as potential trap crops in 1996.
Monitoring: Assessment of stink bugs is a difficult and time consuming task. While useful in
certain habitats and plant structure types, sweep nets and beating trays are not effective tools for
sampling in orchards late in summer to detect immigration of stink bug adults. A commercially
available attractant was evaluated as a monitoring tool in association with a live trap. The trap
consisted of a one-gallon clear container with two openings. The openings had wire funnels
extending into the container so that stink bug adults going into the trap could not find their way
out, similar to a fish trap. Traps were placed at selected sites and monitored weekly. Most species
of stink bug were captured in the traps, indicating that the attractant was not species specific.
Literature suggests that the attractant used in the lure stimulated a response in males and females as
well as immatures. It may be that the attractant could be used in other kinds of devices to detect
stink bugs. It is also likely that other attractants might elucidate responses in stink bugs. Fruit
volatiles under investigation by the USDA-ARS laboratory in Wenatchee might form a class of
chemicals that would be attractants to stink bugs. This possibility will be examined in 1996 using
a simple olfactory choice test.
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Pear Acres Variety Block, Aphid Number\Shoot Length & Termination Relationship,
17 July 1995
IRNumber

Shoot
Length

Name

Termination

Aphids

1

1

3

Cortland

28

0%

4

8

1

1

27

1
1

2
1

0%
0%

20

270

Delawine
Jonared

0%

36

1

1

Wealthy (Double Red

1

1

Jonared

0%
0%

51
53

Russian R12740-7A
Strathmore

4
29
18
37

1

1

262
352

1
1

1
2

338

1

22
389

1
1

24

Deleon

26
330
24
19

0%
0%

24

54

Red Dietrick

23
14

1
1

Anna
Monroe

19
24

0%

63
65

1

Granny Smith

27

0%

76

0%
0%

60
61

2

1

2

Crandell

21

0%

83

219

1

1

Slayman

27

0%

87

179

1

1

Jay Darling

27

0%

93

290

1

1

Jonathon

27

0%

94

261

1

1

Radiant

24

0%

95

193

1

1

Anonovka Shafran

26

0%

95

105
39

2

1

Ottawa 524

30

0%

96

1

3

MM 102

23

0%

98

387

1

1

Gravenstein

21

0%

99

251

1

1

1

1

Regent
Minjon

29

334

0%
0%

103
105

167

1

1

105

1

396
229

1
1

1
1

20
18

0%

327

MM 109
Rosu De Cluj
Hazen
Amanishiki

19
28

0%
0%

105
105

232
319

1
1

Hawaii
Malus Saraenti

24
13

0%
0%

105
107

136
360

1
1

383

1

3
10
16

0
0

1
1

EM Viii Clark Dwarf
Sargent Crab
White Angel

100%
100%
100%
100%

0
0

187

1

4

7

100%

0

100%

Pink Spire

16
18

0
0

383

2
1
1
1

19

EMIV
White Angel

1
1

1
1

1

1

Sargent Crab

10

324
398

1
1

1

14
12

100%

1
1

2

Jacque's
Profusion Crab

100%

3

397

1

2

Mary Potter

13

100%

3

373

1

1

Adams

16

100%

4

320
395
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100%
100%

I. Biology/Phenology
a. Thresholds, monitoring & sampling
1. Spirea/Apple Aphid, apples
D.F. Mayer and J.D. Lunden
Department of Entomology, WSU, IAREC
Prosser, WA 99350
APPLE VARIETIES AND RESISTANCE TO APPLE APHID
At the National Virus-free Fruit Tree Collection (IR2), IAREC, Prosser WA, Bill Howell
maintains a block of different varieties and strains of apples. On 17 July, we evaluated
aphid populations in this block of 331 different trees.
For each tree we randomly selected 5 shoots, measured shoot length, determined if shoot
growth was terminated and recorded the number of aphids on the most infested leaf.
Results:
The mean shoot length, the percent shoots terminated and mean number of aphids per
most infested leaf for varieties which had no terminated shoots and those where all the
shoot growth was terminated are given in Table 1. In general, few aphids were found on
terminated shoots. As expected, trees with 80% to 100% terminated shoots had fewer
aphids than trees with O to 60% terminated shoots. Of interest, are trees with O to 20%
termination and low aphid populations. The data clearly shows shoot termination does not
always account for the low aphid populations and those trees may be somewhat resistant
to aphids.
Conclusion:
It may be possible to breed for aphid resistance in apple trees using some of the varieties
we evaluated. However, further evaluations of aphid populations on these and other
varieties is needed.
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SECTION7
MATING DISRUPTION/SIR

**************
Alan Knight
Section Leader

FILBERTW0RM: SEMI SCIENTIFIC ATTEMPTS WITH MATING DIRUPTION
G.Fisher
R.Horton
Extension Entomology
Department of Entomology
J.Olsen
S.Morgan
Extension Agents
Oregon State University
Corvallis, Oregon 97331
541/ 737-3151
Fisherg@bcc.orst.edu
Evidence for mating disruption in a filbertworm population
infesting experimental blocks of hazelnuts using experimental
dispensers took the form of greatly reduced trap catches within
treated blocks compared to untreated blocks in 1994 and 1995.
In 1994 this did not result in reduced incidence of "wormy
hazelnuts at harvest. Two plausible explanations include the late
date at which dispensers were placed in the blocks relative to FW
emergence, flight activity and likliehood of gravid females being
present at time of dispenser placement.
Considering the flight
capability of the moth, experimental blocks were too close
together.
Immigration into "disrupted blocks II by egg laying
females was almost a given.
In 1995 two, 1 acre blocks adjacent one another with a ca 5%
infestation in 1994 received dispensers.
Eight pheromone traps
caught 19 male FW from JUL through SEP.
One thousand filberts
collected randomly from each block had ca 1% infestation based
almost entirely on kernels damaged very early in the season.
Dispensers were again located in trees after intial FW flight.
Other blocks infested the previous year (and not sprayed in '95)
had greater percent infested filberts than in 1994 (typical of FW
infestation build up in unsprayed blocks).
Poor profit margin in recent years, presence of many mature, closed
canopy orchards still in production and/or large percentage of
orchard acreage with tall trees making dispenser placement
difficult are 3 challenges to MD acceptance.
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I. Mating Disruption /SIR
a. Biology
1. Codling moth, apple and pear
Alan L. Knight
USDA, ARS, Wapato, WA
Understanding Adult Codling Moth Behavior to Improve Mating Disruption.

Several studies were conducted during 1995 which have contributed to our knowledge of codling
moth behavior. The levels of sex pheromone which codling moth adults were exposed to in
previous laboratory studies of sensory habituation were quantified using ion mobility
spectrophotometry. A field test demonstrated that males' response to virgin females after a 24 h
exposure to field rates of sex pheromone was little affected. Recapture of released marked moths
on the edges of pheromone-treated and untreated plots showed that males were more likely and
females less likely to be caught in pheromone than untreated orchard plots. A passive
interception-trap developed within this project was found to be unbiased in catching mated and
virgin females. Moth catch, sex ratio, and mating status of females on these traps were also
closely associated with egg density and fruit injury.
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I. Mating Disruption /SIR
a. Biology
1. Codling moth, apple and pear
Alan L. Knight
USDA, ARS, Wapato, WA

Mating Disruption of Codling Moth - Importance of Point Sources and
Evalnation of Products
Disruption with codlemone of female-baited traps was significantly higher with 400 than either
100 or 200 point sources. No significant difference was seen between 1 mg and 2 mg point
sources at these dispenser densities. The effect on moth catch of point source density and release
rate was not significant for traps baited with either 1 mg or 10 mg lures. The average loss of
pheromone per day from Checkmate and Isomate dispensers were determined from one and two
sites, respectively. The ISOMATE C+ dispenser released an average of 0.54 - 0.61 mg/day. The
Checkmate had a very high release rate averaging from 2.6 - 3.0 mg/day and ran out of
pheromone by 60 days. Four 10 acre plots ofISOMATE C++, Checkmate, Cidetrak, and
Ecogen's black spiral were each tested in grower's orchards near Mattawa, Wapato, Brewster, and
Tonasket. Orchards were mature Red Delicious trees. Orchards were monitored with both 1 mgbaited and 10 mg-baited lures. Fruit injury was assessed at mid-season and prior to harvest.
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I. Mating Disruption /SIR
a. Biology
1. Leafrollers, apple
Alan L. Knight
USDA, ARS, Wapato, WA

Mating Disruption ofLeafrollers - From Small Plots to Grower's Orchards
A review of my small plot studies with Pandemis pyrusana and Choristoneura rosaceana
evaluating the efficacy of pheromone blends and number of point sources per acre will be
presented. Results from large scale orchard trials (200 acres) conducted in 1995 with C.
rosaceana will also be presented. Forty acre orchards in this test were either treated with 400 or
800 spirals per acre, 400 rope dispensers per acre, or left untreated. Each pheromone-treated
orchard was paired with a check orchard. All orchards were monitored with lure and femalebaited traps, tethered females, larval sampling, and fruit sampling during the season.
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VII.

Mating Disruption
a.
Chemical control: pheromones
1.
Oriental Fruit Moth; Peach Twig Borer
R. E. Rice, C. A. Atterholt, and R. A. Jones
University of California, Davis, CA 95616

Oriental fruit moth and peach twig borer pheromones were mixed in water emulsions of
paraffin and commercial emulsifiers. The finished paraffin/pheromone emulsions were
applied at OFM and PTB biofix to Prunus trees using a 1-quart Idico® stainless steel paint
gun at application rates of 20-31 g a.i. pheromone/acre. Emulsion deposits dried within 24 hours; subsequent heavy rains and wind had no observable effects on the dried deposits.
The efficacy of mating disruption (MD) pheromones in paraffin emulsions on trap
collections are shown in Figs. 1 (OFM) and 2 (PTB). The OFM formulations performed
better than the PTB materials; fruit infestations at harvest reflected similar trends in MD
efficacy (Table 1).

Table 1.

Efficacy of mating disruption with pheromones applied
in paraffin emulsion carriers.
% Infested Fruit

Location

Crop

Treatment

KAC 36

Peach

Check
MD

Almond

Check
MD

Nectarine

Check
MD

KAC 74

KAC 32

1
2

Nectarine

Check
MD

1

OFM

PTB

3.5
0.3

3.1
3.5
2.7
3.8

2.4
0.4

19.8
15.0
SJS
19.8
26.1

Two applications per season @ 20.0 - 31.0 gms. a.i./appl.
One application @ 30.0 gms. a.i., March 6, 1995.
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VII. Mating Disruption/SIR
d. Chemical control
1. Codling moth mating disruption on apple

J. F. Brunner, Betsy Beers, John Dunley
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801
Kelly Denton, Howard Flat Areawide Project, Chelan, WA
Project area description and participation: Howard Flat represents a pome fruit production
area that models many sites typical of northcentral Washington. It encompasses approximately
1,200 acres and is relatively isolated from other fruit growing areas in the region. The terrain is
primarily flat, the orchards are contiguous although the border is irregular with a large rock
outcropping on the western edge, and there is an abrupt slope to the east and south. Apple is the
primary pome fruit produced on Howard Flat, but a few acres of pear and cherry are also grown.
Delicious or mixed Delicious and Golden Delicious orchards dominate the varieties of apple
produced (75%), while a few acres of Fuji and Gala are also present.
In 1994 a grassroots movement initiated by fieldmen from several of the fruit packing houses was
organized into an areawide pheromone-based codling moth management project. It was from this
interest and level of dedication that Howard Flat became part of a federally funded areawide
codling moth pilot management project in 1995. There are 36 growers on Howard Flat served by
16 fieldmen. After a series of informational meetings in the fall of 1994 and spring of 1995,
growers were asked to sign up for participation in the project. Initially, only three growers,
representing a total of 88 acres, decided not to participate in the project. One of those growers
eventually treated a majority of his acreage (25 of 30 acres) with pheromone. The total pome fruit
production represented by the 34 growers participating in the project was 1,135 acres.

Organization and operation: The Howard Flat project was organized by growers and
industry fieldmen interested in the implementation of new pest management technology. A
Howard Flat Management Board (HFMB) was established to oversee the details of operating the
project and to secure and manage funding from the USDA. The Management Board consists of
five fruit industry fieldmen and three growers from Howard Flat. A Technical Advisory
Committee was also established to provide scientific and technical input to the project.
A coordinator was hired to oversee the day-to-day activities of the project and to facilitate the
collection and dissemination of information and communication between project participants. A
meeting of the Howard Flat Management Board and members of the Technical Advisory
Committee was held every Monday morning to review the previous week's activities and make
plans for the coming week. A Howard Flat icon was placed on the WSU Tree Fruit Research and
Extension Center Electronic Bulletin Board as a means of facilitating the transfer of data and
information. A display bulletin board was built and placed at a central location. This display board
was used to post weekly data on pheromone trap captures and maps summarizing the accumulated
captures of codling moth and leafrollers, along with general updates. Two field days were held for
growers and fieldmen to review the results of the project and answer questions.

Pheromone application: Mating disruption formed the basis of codling moth control in all
areawide projects and, based on recommendations from the Advisory Committee, the HFMB
chose to recommend the use of one pheromone dispenser, Isomate-C plus (Pacific Biocontrol,
Inc.). Pheromone dispensers were purchased by the project through businesses servicing
growers. Following the recommendation of the HFMB, the growers agreed to apply 400
dispensers per acre, the full recommended rate. The project coordinator visited each grower to
determine the number of acres per orchard block, along with data on tree spacing, variety and trees
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per acre. These data were used to calculate the number of dispensers required per block and the
number of dispensers to be applied per tree in each block.
The HFMB decided to pay for the attachment of all dispensers to clips as a service for growers
participating in the project Growers were given the option to place dispensers in their orchards
using their own personnel or to have project crews place the dispensers at a charge of $20 per acre.
About half of the growers chose to place dispensers in their own orchards. Three crews were used
to place dispensers in orchards of growers who opted to have the project conduct this activity. An
educational field day was held prior to the placement of dispensers for growers and crews involved
in the placement of dispensers to demonstrate the correct method of dispenser placement. A group
of students from Chelan High School's agricultural class became involved in the project through
the field day education event and placement of dispensers on 60 acres of orchard. Dispenser
placement was begun on April 13 and completed by April 23, prior to the capture of first codling
moth in pheromone traps. Approximately 440,000 dispensers were placed in the orchards on
Howard Flat in a 10-day period.

Codling moth activity was monitored using pheromone traps with 10 mg lures placed at an
average density of one trap for every 2.5 acres. A total of 448 traps were placed in orchards within
the Howard Flat project, including 12 traps baited with a standard 1 mg lure used to monitor
codling moth in orchards not treated with pheromone dispensers. Traps were placed in the upper
part of the tree canopy and monitored weekly. Lures were changed every third week in the first
generation and every other week in the second generation.
More than 3,000 moths were captured in 270 of the 448 traps (60%) during the first 3 weeks of
monitoring. The high level of codling moth pressure in many orchards was anticipated based on
fruit injury reports from 1994 and histories of pest problems in certain areas on Howard Flat All
growers were advised by crop consultants to apply a well-timed first cover spray for codling moth
control; this was in addition to suppression expected by the pheromone. Following the beginning
of the first cover applications, codling moth captures in traps dropped dramatically.
The dramatic drop in moth captures on Howard Flat following the initiation of codling moth cover
sprays suggested that moths in the region were not resistant to organophosphate insecticides.
Bioassays were conducted to determine the level of resistance in codling moth adults at four
separate locations within Howard Flat and at the Tree Fruit Research and Extension Center in
Wenatchee. Dose-mortality curves generated from the bioassays indicated that only a low level of
resistance was present within codling moth populations at Howard Flat.
Bin samples were taken from as many blocks as possible during the harvest period. In these
samples, a minimum of 25 bins per variety were monitored and 100 fruits examined per bin. An
attempt was made to examine bins from four areas of a block (NW, NE, SW, SE) and to examine
approximately an equal number from each area. During this examination, fruit injured by other
insects was also recorded. A total of 1,726 bins (172,600 fruits) were sampled from 46 blocks.
The overall average fruit injury in blocks from Howard Flat sampled was 0.55%. There was more
damage in Golden Delicious (0.9%) compared to Delicious (0.4% ). No codling moth-injured fruit
was detected in 71 % of the bins sampled, and in an additional 12% of the bins fruit injury was 1%
or less. Most fruit injury was isolated to certain sections within a block, often associated with a
border. Only 2.4% of the bins sampled had extreme levels of fruit injury, greater than 5%, and
these samples represented only seven blocks from which bin samples were taken.

Other arthropods: Other arthropod pests and their natural enemies, including mites, aphids,
leafhoppers, leafrollers, Campylomma and leafminer, were monitored in 15 selected blocks
throughout Howard Flat to provide details on pest densities and phenology. In general no pests
were detected in unusual levels except leafrollers in certain blocks.

70

VII. Mating disruption/SIR
c. Chemical Control
1. Leafroller mating disruption on apple

J. F. Brunner
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801
Sprayable pheromone: A sprayable leafroller pheromone and two fixed dispensers were
compared in small plots for their effectiveness at disrupting attraction to virgin female-baited traps
or pheromone traps baited with 1 or 10 mg loaded lures. The first test was conducted near MF in
two non-bearing apple orchards. Two orchards were selected for the test, one (Rodighero)
containing a low and one (Sunbay) a moderate population of obliquebanded leafroller (OBLR),
Choristoneura rosaceana, larvae prior to the initiation of the test The second test was conducted
near Chelan where a moderate population of pandemis leafroller (PLR), Pandemis pyrusana, was
present.
The Ecogen MEC-LR formulation was a micro-encapsulation of Zl 1-14Ac (200 g/liter), a main
component of OBLR pheromone. The Eco gen spiral dispenser contained about 95 mg of Zl 114Ac (95.7%), and the Hamaki-con dispenser contained about 170 mg of Z11-14Ac (93%). The
MEC treatments were applied with a handgun sprayer operating at 200 psi. Trees were sprayed in
a manner to minimize runoff and drift. The Eco gen spiral dispenser was applied at a rate
equivalent to 400 dispensers per acre. The Hamaki-con dispensers were applied at a rate
equivalent to 400 dispensers per acre. Treatments were applied on June 2.
Moth capture in pheromone traps was used to monitor the effectiveness of treatments. Pheromone
traps were placed in the orchard the same day as the treatments were made. One trap in each
replicate contained a 1OX lure, and the other trap contained either a lX lure or a cage with a virgin
OBLR female. Traps were checked every three to four days and position within the replicate
rotated at each examination.
Pheromone traps with lOX lure captured the most LR moths, followed by the virgin females and
then the standard lure in the pheromone treatments and in the untreated check. At both locations in
OR there was no separation in pheromone treatments using moth captures in pheromone traps
baited with the lX lure (Tables 1 and 2). There was also no difference in the number of moths
captured in virgin female-baited traps in pheromone treatments or the untreated check at the Sunbay
orchard, but at the Rodighero orchard virgin female-baited traps captured significantly more moths
than in the pheromone treatments. At Chelan there was a separation in pheromone treatments using
moth captures in pheromone traps baited with the lX lure (Table 3).
The clearest separation of pheromone treatments based on moth captures was found in traps baited
with the lOX lures. The relationship between treatments was similar. Traps with lOX lures in
blocks treated with the spiral (Rodighero or Chelan), Hamaki-con (Sunbay) and highest rate of the
MEC formulation captured the fewest moths, followed by the two lower rates of the MEC
formulation and the check (Tables 1, 2 and 3).
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Table I. Average obliquebanded leafroller moth capture in sprayable pheromone block at
Rodighero, 1995.
Average moth catch/lure/day
Treatment
Virgin female
OBLRW
OBLR WlO
MEC-3
0.13a
O.OOa
2.75bc
MEC-12
O.OOa
0.57a
3.88cd
MEC-48
0.27a
0.22a
1.63ab
Spiral
0.00a
0.lla
l.OOa
Untreated
2.47b
0.22a
7.71d

Means in the same column followed by the same letter not significantly different (p=-0.05, Fisher's Protected LSD).
Statistics run on transfonned data Oog (y+ 1)).

Table 2. Average obliquebanded leafroller moth capture in sprayable pheromone block at Sunbay
orchard, 1995.
Average moth catch/lure/day
Treatment
Virgin female
OBLRW
OBLRWIO
MEC-3
0.80a
0.56a
12.96b
MEC-12
1.40a
0.78a
10.21b
MEC-48
O.OOa
0.22a
4.42a
Hamaki-con
0.00a
0.00a
2.63a
Untreated
2.47a
I.Ila
20.33b
Means in the same column followed by the same letter not significantly different (p--0.05, Fisher's Protected LSD).
Statistics run on transformed data (log (y+ 1)).

Table 3. Average pandemis leafroller moth capture in
sprayable pheromone block at Chelan, 1995.
Average moth catch/lure/day
Treatment
PLR-1
PLR-10
MEC-12
0.49a
2.41b
MEC-48
0.15a
1.10a
Spiral
0.34a
1. 16ab
Untreated
1.74b
4.91c
Means in the same colwnn followed by the same letter not significantly different
(p=0.05, Fisher's Protected LSD).
Statistics run on transformed data (log (y+ 1)).

Application of the sprayable pheromone by handgun to non-bearing trees was considered a
limitation in the study. The company has obtained a tolerance exemption for 1996 so that the
pheromone can be applied with an airblast sprayer in low volume to larger trees. This technology
appears promising enough to continue research in this area
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I. Mating Disruption
a. Implementation
1. Oriental Fruit Moth and Peach Twig Borer on Cling Peaches
Carolyn Pickel, Area IPM Advisor
142-A Garden Highway
Yuba City, Ca 95991
Project Leaders: Janine Rasey, Fann Advisor-Sutter/Yuba Cos. and Bill Olson, Fann Advisor- Butte Co.

There are two key insect pests in the cling peach orchard system Oriental fruit moth (OFM) and peach
twig borer (PTB ) . Commercial products for controlling OFM with pheromone confusion have been
available since 1989. About 20% of the growers have been using pheromone for OFM control. Many
growers have been reluctant to use OFM mating disruption since they still had to spray for PTB,
increasing the overall cost of control. In 1995, the first commercial PTB product for pheromone
confusion became available. The goal of this project is to introduce mating disruption to growers and to
demonstrate a complete mating disruption program in an effort to expand adoption and result in a
reduction of insecticide.
In this first year of the project there were 16 cooperators with 10 in Sutter/Yuba and 6 in Butte Counties
representing 155 acres. Growers were encouraged to wait for first moth to make the first application of
both OFM and PTB pheromone. Growers first application of OFM was typically around March I", and
PTB around April I". This date varied for each grower since it was based on first trap catch and weather
conditions. The second application typically went up around June I st and was for both OFM and PTB so
growers would not have to make a separate application a few weeks later for PTB. Following this protocol
the second PTB pheromone application could be early. Growers in the program used all three commercial
OFM products including Isomate, Checkmate, and Hereon. The manufactures recommendations for the
application rate and length of product were followed. Although, growers were encouraged to put the
pheromone high in the tree canopy, approximately two-thirds up in the tree, not all of them followed this
recommendation and pheromones were often in the lower parts of the tree canopy.
Methods:

-

Demonstration blocks were around 10 acres, in size, however, growers with small acreage were also
included in the program. Whenever, possible, a nearby "grower standard" was used for comparison.
Weekly trap catches were started to pinpoint the biofix and continued throughout the season for both OFM
and PTB. Shoot strike counts were made in each orchard at the end of each generation and coincided
with the Biofix of the next generation. This was done by counting total shoot strikes from 5 tree~ in each
block. Each shoot strike was cut out and examined for live worms and species determination. Harvest
data was completed by collecting a total of 500 fruits from each variety in groups of 100 from different
locations in the orchard. Growers were asked to keep track of pheromone application costs and spray
costs from the nearby commercial standard. This was done to get an idea of pheromone application costs
and compare costs to a sprayed orchard.
Results and Conclusions:

There were problems with mating disruption for OFM this year and the pheromone traps were not
adequate to predict this failure. Most of the growers that had to spray because of this failure had caught
nothing in the traps in pheromone blocks. After the shoot strike counts were conducted at the end of the
Isl generation of OFM (6/20), all orchards and blocks with over 5 shoot strikes per tree were sprayed.
This included both experimental blocks, several orchards with Hereon pheromone, and several orchards
with Consep pheromone. In the month of April and May growers using Hereon' s OFM product had
problems with it blowing out of trees. This pheromone was replaced by the company with a new product
using the same "bread clip" used on their PTB product in May. One grower that continually replaced the
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pheromone in the April during the heavy wind storms did not have to spray. The e,q,erimental block
comparing Hereon, Consep, and UCD paraffin emulsion had to spray out all three products. All 3
products tested were placed low in the tree canopy. All the blocks that had to be sprayed had high OFM
populations in trap catches. Growers that did not have to spray had low damage for both OFM and PTB
except for the 2 blocks of late variety Sullivan. In the second Sullivan block damage was on the outside
trees indicating migration into the orchard. The only damage in most blocks was from leafrollers.
It is easy to explain the failure of Hereon pheromone since it was blowing out of the tree. On examining
the trees only one-quarter of the pheromone was left in the tree. This allowed almost one months time
without adequate rate of pheromone. This has been remedied by Hereon changing to the bread clip, which
will not blow out in strong wiud storms as it did this year.
The Consep pheromone failure was more difficult to explain. Some researchers feel that I 9 grams per
acre of OFM pheromone is not adequate for high population orchards. Dr. Rice felt that it is important
for the pheromone to be placed high in the tree. He also theorized that the unusually cool nights this
spring were not allowing the pheromone to volatilize up into the tree increasing the importance of
pheromone placement high in the tree.
The PTB pheromone program was more successful, although the PTB populations were overall lower this
year. When conducting shoot strikes we did see a few PTB worms, but we did not see any damage at
harvest. Two demonstration blocks were on young trees known for being attractive to PTB. One block in
it second leaf used Hereon PTB pheromone had no shoot strikes and the second block in its third leaf
had less than strike per tree (0.4) and had no PTB damage at harvest.
Our future recommendations are that growers new to mating disruption with high OFM population need
to use a product with a higher load rate like Hercon's OFMwith a rate of 27 grams and Isomate (400 per
acre) at 30 grams. Once growers OFM populations are reduced from using mating disruption for a few
years they will be able to use lower rate products of pheromone. We will also recommend that the
pheromone be placed high in the tree.

Preliminary results on application costs shows the first application with I 1 growers reporting averaged
$12.98 per acre. The second application which was for PTB with 10 growers reporting averaged $11.35
per acre. And the last application with both OFM and PTB averaged $25.98 per acre with 4 growers
reporting. For all 3 applications the range was from $3.60 to $42.97. A total application cost per acre
average was $50.3 I.
We also made general observations about the demonstrations blocks. We also observed that growers in the
program had more powdery mildew because they are not applying regular fungicides in their cover sprays.
We will recommend that growers make an application for powdery mildew at petal fall or they can use a
fungicide such as Benlate or Topsin that controls powdery mildew for their second brown rot spray. If
mildew conditions such as cool nights and overcast skies persist, a second application in late April with
wettable sulfur will be recommended for mildew and rust control. Although, there were some problems
in some orchard using mating disruption in 1995. Overall these 16 demonstration plots show a complete
mating disruption system is now possible.
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VII

Mating disruption/SIR
f. Implementation
1. Codling moth and apple
Philipp kirsch
IPM Technologies
PO Box 509
West Linn OR, 97068

Preliminary evaluation of a novel sprayable
attract and kill formulation in management of codling moth.

At the 1995 WOPDMC, Mr. Dieter Hofer, Ciba-Geigy, Switzerland
reviewed the development and evaluation of a new attract and kill
product. This product was subsequently tested against codling moth·
in the Willamette Valley of Oregon during the 1995 cropping season.
Immediately, following biofix, the formulation was hand applied to
the leaves and branches in three small apple blocks. Additional
applications were made during the season.
In conclusion, these preliminary trials showed the following:
1. Codling moth pressure and infestation was reduced considerably m
the attract and kill treatments.
2. The attract and kill product exhibits a 4-6 week period of efficacy,
and several treatments will be required per season. Alternately, this
technology would fit well in a mix and match program with other
control strategies such as insect growth regulators, or possibly
mating disruption.
Detailed data will. be presented at the meeting ..
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7.

Mating Disruption/SIR
f.
Implementation
Codling moth, Cydia pomonel/a L., Apple
Larry J. Gut & Jay F. Brunner
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

Isomate-C+, Checkmate and CIDeTRAK: Three mating disruption (MD) products were evaluated for their
ability to control codling moth (CM) in apple. Two registered products, Isomate-C+ (Pacific Biocontrol, Inc.) and
Checkmate-CM (Consep, Inc.), and an experimental product, C!DeTRAK (Trece, Inc.) were evaluated using
different rates and numbers of applications. The experimental design consisted of large unreplicated blocks either
with pheromone plus insecticides as needed or insecticides only. Tests were conducted in five northcentral
Washington locations.

Capture of males in pheromone traps and levels of fruit injury were used to evaluate the effectiveness of CM control
in test orchards. Pherocon lCP traps (Trece, Inc.) baited with standard lures (red septa containing 1 mg of
codlemone) were placed in conventional orchards at a density of I trap per 2.5 acres. Traps baited with the standard
lure and traps baited with a high load lure (red septa containing 10 mg of codlemone) were used in pheromone
treated orchards. The two kinds of traps were uniformly distributed in orchards at a density of 1 trap per 1.25 acres.
Traps were placed at mid-canopy in conventional orchards, but positioned in the upper third of the canopy in
pheromone treated orchards. The number of male moths captured were recorded weekly and trap bottoms were
replaced after a cumulative catch of30 moths, more often if dirty. Lures were replaced every three weeks during the
first generation CM flight, and biweekly during the second generation flight CM injury to fruit at the end of the
first generation and at harvest was evaluated by non-destructively examining 1000 apples in each test block. An
equal number of apples from high (above 7 feet) and low (below 7 feet) in the canopy was inspected on 50 trees in
each block.
The effectiveness oflsomate-C+, Checkmate, and C!DeTRAK was directly compared at five sites (LB, CH, BU,
TW and J,;Z,). Isomate-C+ was applied at the manufacturer's suggested rate of 400 dispensers per acre (d/a) and at a
reduced rate of 200 d/a, while Checkmate and C!DeTRAK were only applied at the 200 d/a rate (Table 1). The
Isomate-C+ codling moth control system consist of a polyethylene tube dispenser loaded with 203 mg of active
ingredient (63:31:6 blend of codlemone, 1-dodecanol, and 1-tetradecanol). The Checkmate system is a membrane
dispenser loaded with 180 mg of codlemone only and the CIDeTRAK system is a laminate dispenser loaded with
235 mg of codlemone.
First and second generation capture of males in pheromone traps and levels of fruit injury in pheromone and
conventionally treated orchards are summarized in Table 1. Isomate C+ was the only pheromone product that
provided consistent CM control with minimal intervention with insecticides. Damage levels in orchards treated with
Isomate C+ at 400 or 200 d/a generally were equivalent to those recorded in adjacent conventional orchards. An
average of 3.6 OP's were targeted against CM in conventional orchards, while an average of only 0.2 supplemental
OP's were applied in Isomate C+ treated orchards. The poorest control using this product, 0.5 % fruit injury at
harvest, occurred at the site with the highest CM pressure, AZ. In the conventional orchard at this site, a seasonal
total of 53.6 moths/trap were captured in pheromone traps and four OP sprays were required to control CM (Table
1).
The efficacy of Checkmate and C!DeTRAK varied considerably from site to site. At site LB where intiial CM
pressure was very low, moth captures in traps and fruit injury were low in all pheromone treated orchards (Table 1).
Relatively high moth captures in both standard and high load pheromone traps were recorded in Checkmate treated
orchards at sites BU and TW. At the former site, failure to apply supplemental insecticides during the first CM
generation resulted in 2.1 % CM fruit injury during that period. Most of the damage occurred in about a two acre
section along the southern border. This corresponded to an area serviced by the only pair of traps that captured more
than one moth in the first flight (7 moths in the 1 mg and 8 moths in the 10 mg trap). The second application of
pheromone did not prevent moth captures in pheromone traps throughout the orchard and three OP sprays were
applied during the second generation. Supplementing the Checkmate with insecticides was probably the major
factor limiting CM injury to 0.9%, all of which was detected within the "hot-spot" that had developed during the first
generation. Checkmate alone did not provide adequate CM control at site TW. In a manner similar to that observed
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at site BU, first generation fruit infestation occurred primarily along the border where a pair of traps indicated a
potential problem (3 moths in the I mg and 5 moths in the IO mg trap), Only the edge was treated with insecticide
and 0, 7% fruit injury was recorded at the end of the first generation. Second generation moth captures were high in
both the standard (12.5/trap) and high load trap (8.7/trap), and traps throughout the block were capturing CM. This
high CM capture triggered an OP treatment at the beginning of second generation egg hatch to the entire orchard and
two additional border treatments at about 14 day intervals. Despite these supplemental sprays 0.9% fruit injury was
recorded at harvest with heavier damage along the border but some infested fruit was found in the center of the
block.
In response to substantial moth captures in pheromone traps, four of the five CIDe1RAK blocks (CH, BU, TW, AZ)
received at least two supplemental OP sprays for CM control (Table 1). Moreover, only a 30% reduction in OP
sprays occurred in blocks where CIDe1RAK dispensers were used relative to the conventional program. A
combination of CIDeTRAK plus three insecticide treatments did provide adequate control at site BU and AZ. Very
high moth captures were recorded in the CIDe1RAK orchard at site CH during the first and second generation. Four
OP sprays (two/generation) limited CM injury to 0.3% per generation. Only the CIDe1RAK orchard at site TW
incurred a relatively high level of fruit injury. Damage levels of 0.6% and 0.8% were observed at the end of each
generation, As in the Checkmate orchard at this site, OP's were not used during the first generation despite
capturing a significant number of moths on one border (3 moths in the 1 mg and 5 moths in the 10 mg trap). The
majority of first generation damage was found in this area and two supplemental OP sprays during the second
generation successfully prevented the infestation from spreading to the center of the block.
Table 1. Comparison of codling moth catch and fruit injury in apple orchards treated with Isomate, Checkmate, or
CIDe1RAK eheromone diseensers and/or organoehosehate (OP) insecticides, Washington, 1995.
Average (maximym) catchltra!l ller generaliQn2
% Fruit injury
Tr~atment1
Standard lure
High load lure
each gen~ratiQn
Site DisQenser
Rate (d/a) OP's
First
Second
First
Second
First
Second
LB
Isomate
400
0
0.3 (1)
0.0
1.0 (2)
0.0
0.0
0.0
Isomate
200
0.3 (1)
0
0.5 (2)
0.8 (2)
0.3 (1)
0.0
0.0
Checkmate
200
0
0.0
0.0
2.3 (5)
0.3 (1)
0.0
0,2
CIDe1RAK
200
0
0.0
0.0
1.0 (1)
0.0
0.0
0.0
CT-isomerized 200
0
2.3 (6)
1.0 (2)
3.5 (6)
0.3 (1)
0,0
0.0
None
0
1
1.0 (3)
0.0
0.0
0.0
CH Isomate
400
1
1.3 (3)
0.0
5.3 (7)
1.3 (3)
0.1
0.2
Isomate
200
0
1.3 (3)
0.0
3.5 (6)
0.3 (1)
0.1
0.0
Checkmate
200
0
0.5 (1)
2.3 (6)
4.3 (7)
4.7 (13)
0.0
0.1
CIDe1RAK
200
4
15.3 (41)
3.3 (6)
25.7 (31) 25.3 (45)
0.3
0,3
CT-isomerized 200
4
2.7 (4)
0.7 (2)
10.7 (18)
6.3 (7)
0.2
0.0
None
0
4
13.3 (17)
14.3 (23)
0.1
0.0
BU Isomate
400
0
0.0
0.0
3.0 (5)
1.3 (3)
0.0
0.0
Isomate
200
1.5 (2)
0
0.0
1.8 (4)
0.3 (1)
0.0
0.0
Checkmate
200
2.3 (7)
3
14.0 (46)
2.8 (8)
12.3 (25)
2.1
0.9
CIDe1RAK
200
3
2.3 (4)
3.8 (5)
7.7 (7)
5.3 (12)
0.0
0.0
CT-isomerized 200
2
1.3 (3)
2.3 (3)
5.0 (6)
5.7 (8)
0.0
0.0
None
0
5
15.8 (26)
6.8 (15)
0,0
0.0
TW Isomate
400
0
1.3 (3)
0.8 (3)
1.3 (2)
4.5 (11)
0,1
0.0
Isomate
200
0
1.3 (2)
1.5 (5)
5.0 (15)
5.3 (16)
0.1
0.2
Checkmate
200
1
2.0 (3)
12.5 (24)
3.0 (5)
8.7 (14)
0.7
0.9
CIDe1RAK
200
2
1.7 (3)
1.7 (4)
3.0 (5)
10.0 (11)
0.6
0.8
CT-isomerized 200
1
1.0 (1)
2.0 (2)
3,0 (3)
8.0 (8)
0.3
0.0
None
0
4
9.3 (19)
20.3 (36)
0.3
0.3
AZ Isomate
400
1
3.7 (8)
0
0.3
0.5
CIDe1RAK
200
1.0 (2)
3
8.0 (11)
2.5 (3)
14.5 (22)
0.1
0.2
CT-isomerized 200
3
5.5 (8)
5.0 (9)
33.5 (37) 26.5 (41)
0.5
0.2
None
0
4
18.8 (38)
34.8 (53)
0.0
0.0
2

Checkmate pheromone treatments were applied twice.
Capture of moths in Pherocon 1CP traps baited with lures containing codlemone at a dosage of 10 mg (pheromone treated
orchards) or I mg (non-pheromone treated orchards). Traps were placed within the mid or upper fruiting canopy of the tree in
non-pheromone and pheromone treated orchards, respectively.
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7.

Mating Disruption/SIR
f.
Implementation
Codling moth, Cydia pomonella L., Apple
Larry J. Gut & Jay F. Brunner
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

Checkmate rate study: Checkmate-CM (Consep, Inc.), was evaluated using rates of 120, 160
or 200 dispensers per acre (d/a). The experimental design consisted of large unreplicated blocks
either with pheromone plus insecticides as needed or insecticides only. Tests were conducted in
one northeast Oregon, three Yakima valley and two northcentral Washington locations. Capture
of males in pheromone traps and levels of fruit injury were used to evaluate the effectiveness of
CM control in test orchards. Methods were as previously described for comparison of IsomateC+, CIDeTRAK and Checkmate.
Table l. Comparison of codling moth catch and fruit injury in apple orchards treated with Checkmate pheromone
dis2ensers at three rates and/or organo2hos2hate (OP) insecticides, Washington, 1995.
Average (maximum) catchltra~ 1,1er generation2
% Fruit injury
Treatment1
Standard lure
High IQaQ lure
for each generation
Site Dis2enser
First
Second
First
Second
Rate (d/a) OP's
First
Second
6.0 (14)
16.3 (26) 18.8 (31) 28.5 (83) 1.2
Checkmate
120
2
JR
1.5
9.8 (25)
Checkmate
160
2
38.5 (77) 21.5 (32) 55.3 (88) 1.8
2.4
Checkmate
200
1
0.3 (1)
6.3 (14)
9.5 (18) 10.8 (22) 0.5
0.9
None
0
3
23.0 (26)
87.3 (133)
2.7
1.7
120
2
1.3 (2)
9.8 (26) 10.3 (26)
9.8 (22) 0.2
MV Checkmate
0.3
3.0 (6)
12.8 (19) 12.0 (24) 27.0 (60) 0.5
Checkmate
160
2
1.4
9.8 (16)
4.5 (10) 28.5 (37)
Checkmate
200
3
8.3 (22) 0.6
1.9
None
3
22.0 (48)
40.5 (72)
0
0.8
1.7
PO
Checkmate
120 (G) 3
49.0 (54) 88.0 (109) 5.5
21.9
Checkmate
120 (E)
36.8 (47) 40.0 (59) 3.4
3
2.0
120 (W) 3
4.0 (5)
12.5 (21) 22.1 (36) 20.8 (39) 1.3
Checkmate
1.2
Checkmate
21.3 (27)
40.5 (58) 26.3 (54) 59.0 (67) 5.0
160
3
6.2
19.3 (39)
37.3 (77) 45.0 (55) 53.3 (64) 4.0
Checkmate
200
3
0.9
None
0
3
96.0 (128) 110.0 (159)
3.9
0.8
2
8.5 (9)
9.0 (16)
5.0 (7)
DA Checkmate
120
4.0 (8)
0.2
0.2
2.0 (4)
Checkmate
160
1
2.5 (3)
5.0 (4)
2.5 (3)
0.4
1.4
Checkmate
2
6.5 (7)
6.0 (7)
19.5 (25) 10.0 (11) 0.1
200
0.2
None
0
2
6.0 (6)
1.0 (!)
0.0
0.0
5.0 (9)
4.5 (6)
120
1
5.5 (11)
1.5 (3)
HU Checkmate
0.2
0.4
2.5 (5)
Checkmate
1
6.0 (10)
1.0 (2)
1.0 (2)
160
0.1
1.6
2
2.5 (3)
2.0 (4)
5.0 (8)
Checkmate
200
13.5 (26) 0.3
I.I
4
None
0
17.3 (36)
19.3 (32)
0.0
0.1
120
0.5 (2)
0.5 (2)
0.8 (1)
0.3 (1)
BR Checkmate
0
0.0
0.5
Checkmate
0.3 (1)
1.5 (4)
160
0
0.0
0.0
0.0
0.0
0.3 (1)
0.5 (1)
0.8 (2)
Checkmate
200
0
0.3 (1)
0.0
0.4
None
0
0
1.3 (3)
1.5 (3)
0.0
0.0
1 All pheromone treatments were applied twice.
2 Capture of moths in Pherocon lCP traps baited with codlemone at a dosage of 10 mg (pheromone treated orchards) or 1 mg
(non-pheromone treated orchards). Traps were placed within the mid or upper fruiting canopy of the tree in non-pheromone
and pheromone treated orchards, respectively.
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The effectiveness of three rates of Checkmate, 120, 160 and 200 cl/a, all applied twice, was
directly compared at six sites (Table 1). There was no apparent relationship between application
rate and either moth capture in pheromone traps or fruit injury. At site BR (northeastern Oregon)
where initial CM pressure was very low, moth captures in traps were low in all three pheromone
treated orchards and no supplemental insecticides were used for CM control (Table 1). However,
fruit injury was found in the 120 and 200 d/a orchards, all of it developing at the end of the
second generation. Moth captures in all 17 of the other Checkmate treated orchards were high
enough to warrent at least one supplemental OP treatment. Moreover, despite these sprays
greater than 1% damage was recorded in 13 of the 17 orchards. Not suprisingly, the highest
levels of damage were found at sites with the highest CM pressure as indicated by moth catch
and fruit injury in non-pheromone treated orchards. Average seasonal catches in conventional
orchards at the three Yakima sites (MV, JR and PO) were 62.5, 110.3 and 206.0 moths/trap,
respectively. Three insecticide sprays failed to keep CM injury below 2.5% at all three sites
(Table 1). Checkmate treated orchards at these sites received two or three OP sprays as well, yet
in 10 of 11 cases incurred greater than 2% damage.
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Mating Disruption/SIR
f.
Implementation
Codling moth, Cydia pomonella L., Apple
Larry Gut, Jay Brunner, Mike Doerr & Janine Davis
Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

Pheromone release rates: Control failures using CIDeTRAK or Checkmate could be due to
dispenser application rates being too low, reliance on a single pheromone component
(codlemone), degradation of codlemone in the dispenser, or low release rates in aged dispensers.
The rate of pheromone loss in field aged dispensers was determined by residual analysis. Five
dispensers of each type were collected biweekly and brought back to the lab for analysis. In
addition, release rates from Isomate C+ dispensers were estimated by a gravimetric method.
This consisted of weighing twenty-five dispensers and placing them in the field in a manner that
provided uniform exposure to sunlight. This initial placement of dispensers was followed by
collecting, weighing, and reapplying them weekly over a period of 140 days.
Preliminary results indicated major differences in release rates from the three products. The
Checkmate dispenser released an average of 2.7 to 3.4 mg of pheromone per day (mg/d) during
the first CM generation (Table 1). Due to this high rate of pheromone loss, the dispenser was
empty by about day 60. Release of pheromone from the Checkmate dispenser appeared to
increase with increaing daily temperatures, suggesting that dispensers applied for control of the
second CM generation may have released codlemone for less than 60 days. The CIDeTRAK
dispenser initially released pheromone at a high rate (2.9 mg/d between day 1 and 14), but the
release rate declined sharply and only about 0.5 mg/d was being released between day 42 and 56
(Table 1). The peak release rate from the Isomate-C+ dispenser was about half that provided by
the other two dispensers (Table 1). However, this dispenser continued to release a substantial
amount of pheromone throughout the season. The amount of product released fluctuated
between 0.6 and 1.5 mg/d, depending on weather conditions. The highest release rates occurred
during the hottest part of the summer, between days 42 and 98 post-application. Checkmate and
CIDeTRAK dispensers with release characteristics better suited to Washington conditions are
being engineered for next season. Release rates of new dispensers should be determined in the
laboratory or in field-age studies before they are used in commercial orchards.
Table I. Gravimetric and residual analysis of pheromone release in three types of dispensers.
Pheromone remaining per dispenser 1(mg)
Pheromone lost per dispenser/ day {mg}
Isomate
Checkmate
C!De1RAK
Isomate
Checkmate
C!De1RAK
Day
203
180
235
0

14
28
42
56
70
84
98
112

126
140

192
182
168
154
137

142
59
12

194
171
Ml
154

0.75
0.74
1.00
0.98
1.18
1.47
1.00
0.61
0.62
0.79

117

103
94
86
75

2.68
2.89
3.38

2.93
1.64
0.70
0.50

1 Isomate = gravimetric analysis of total pheromone (three component blend) remaining in the dispenser; Checkmate and
CIDeTRAK = residual analysis of codlemone remaining in the dispenser.
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I. Mating Disruption/SIR
a. Implementation
1. Codling Moth in Apples and Pears

Scott M. Herbig and
Ronald A. Beyerinck
Bend Research, Inc.
64550 Research Road
Bend, OR 97701
A Release-Rate Model for a Membrane-Type Codlemone Dispenser

A model has been developed to predict release profiles of membrane-based codlemone dispensers.
While initially developed for dispenser design, the model should also be useful in predicting the release
from dispensers in the field based on field temperature data. With this tool, the duration ofrelease of
pheromone can be predicted based on daily temperatures, so appropriate measures can be taken before
the dispensers become depleted.
The release rate from membrane-based dispensers depends on the membrane composition, membrane
thickness, membrane surface area, reservoir characteristics including codlemone concentration, and the
environmental temperature and wind conditions. This model is based on measured release-rate data
from many dispenser formulations to determine a permeability that is characteristic of the type of
membrane and reservoir used. The permeability (in dimensions of mass divided by time, area, and
concentration) allows calculation of the release rate when the release area, pheromone concentration
within the dispenser, and environmental temperature are known.
By using permeabilities as a function of temperature, the temperature sensitivity of each
membrane/reservoir combination was accounted for with the assumption of an Arrhenius temperature
dependence: P = Ae·Ea/RT where P is the permeability, A is the pre-exponential factor, Ea is the
activation energy, R is the gas constant, and Tis the absolute temperature.
The only variable not accounted for in the model is the effect of changing wind on the release rate.
Wind increases the driving force for diffusion across the membrane; diffusion is slower if no wind is
present. In a protected orchard canopy environment, the wind was assumed to be relatively constant
over the growing season and therefore its effect on the release rate was also assumed constant. In
general, wind has a smaller effect on the release rate than does temperature.
With an array of daily temperatures (the model was correlated to daily maximum temperatures), the
model predicts the mass of pheromone released per day based on I) that day's temperature, 2) the
current codlemone concentration in the dispenser, and 3) the release area. The model then updates the
codlemone concentration before calculating the next day's release at its new temperature.
The model-generated profiles were first compared to laboratory release data. The dispensers were
tested at constant and alternating temperature conditions (temperatures from !0°C to 35°C). In all
cases, the model predicted release profiles that closely matched the measured pheromone release
profiles.
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In field tests, the CheckMate CM product, a membrane-type codlemone dispenser manufactured by
Consep, Inc. (Bend, OR), had a duration of 50 to 60 days in spring-like field conditions (I 0°C to 35°C).
Based on the daily maximum field temperatures, the model predicted the same duration of release of
pheromone as was observed in the field. To increase the duration, dispensers have been made that
contain more codlemone. The anticipated field profile for these new dispensers at the same field
temperatures indicates that codlemone should be released for 70 to 80 days.
The predicted release profiles of another new formulation - this one specifically for hot-weather use (above 20°C to 25°C), compared with those for CheckMate CM, are shown in Figures 1 and 2 for two
different locations. The new formulation has a predicted duration of 90 days or more in conditions the
same as the 1995 summer temperatures of Yakima, WA and a duration of about 70 days in conditions
the same as the 1994 summer temperatures of Shafter, CA. Under the same conditions, CheckMate CM
was predicted to last only 55 and 35 days, respectively.
Additional field release data will be gathered in 1996 to confirm and fine-tune the model. Based on this
information, this model should be useful for monitoring the release of pheromone from membranebased dispensers in the field, and may be useful as an additional tool to provide efficacious pheromone
treatment to control codling moth in orchard crops.

Figure 1: Codlemone Release at
Yakima Temperatures Starting 6/30/95

Figure 2: Codlemone Release at Shafter
Temperatures Starting 5/31/94
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I. Mating Disruption/SIR
a. Implementation
I. Codling Moth (Cydia pomone/la) in apples and pears

Janice M. Gillespie and Denise G. Bestwick
Consep, Inc. Bend, OR 97702

Recently registered CheckMate CM dispensers, containing a nominal amount of 180 mgs
of codlemone, the sex pheromone of the codling moth, were randomly sampled from
commercial fields in California, Oregon and Washington, during the 1995 crop production
season. Primary objectives of this sampling program included quantification of codlemone
release under spring and summer weather conditions; validation of the analytical methods
used based on precision and accuracy parameters for both extraction and Gas
Chromatographic procedures; and determination of measurable degradation of the active
ingredient, as a result of isomerization and/or polymerization inside the dispenser.
Degradation of codlemone in the CheckMate dispenser was observed and reported by
other laboratories, thus Consep requested reference standards of its isomers and
conducted a study to examine our method's adequacy for determining the level of
isomerization over time. This study was important because the CheckMate dispenser is
formulated with additives required to improve codlemone release under cool weather
conditions and, in the absence of knowledge of these specific ingredients, some analytical
data may erroneously suggest that there are isomers other than the active ingredient
present. Results of these studies showed that codlemone was released from the
CheckMate dispenser at circa 2.5 to 5.0 mgs/day, depending on prevailing temperatures;
that the analytical method used to quantify release was acceptable; that isomerization was
within acceptable limits; and that no detectable polymerization had occurred inside the
dispenser.
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I. Mating Disruption/SIR
a. Implementation
1. Codling moth, apples and pears
Connie Smithhisler and Les McDonough
Yakima Agricultural Research Laboratory
5230 Konnowac Pass Road
Wapato, Washington 98951
Consep Checkmate-CM dispensers were aged in an orchard for 70 days in
order to study their characteristics and better understand their performance in
the field. Samples were collected weekly for analysis. Evaporation rate was
determined by collecting evaporated vapor. Then the dispenser was extracted
and analyzed for codlemone residue.
The data was analyzed by linear regression analysis for pheromone
residue versus time. The amount of codlemone residue, P, remaining in the
dispensers decreased from an initial value of about 265mg to 10mg after 70
days. The rate of loss was constant at 3.75mg/dispenser-day (Graph 1).
Initial evaporation rates were 56 +/- 21 ug/hour-dispenser (l .3mg/daydispenser). After 56 days evaporation rates dropped to 0.46ug/hr-dispenser
(0.0lmg/day-dispenser). Evaporation rate decreased very rapidly during the
first two weeks. There is a lot of scatter in the data, but visually there is no
discernible downward trend in evaporation rates during most of the life of the
dispenser. Evaporation rates appear relatively constant over 14-49 days at
an average rate of about 14.7ug/hr-dispenser (0.35mg/day-dispenser), before
dropping to nearly zero by 56 days (Graph 2). Even if these dispensers were
releasing their average (0.35mg/day-dispenser) over 70 days, the amount
evaporated would correspond to only 24.5mg of codlemone. Evaporation
rates do not account for most of the loss of pheromone as measured by
residue levels.
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Gary Grove
Section Leader

Tree Fruit Diseases
Biology
Erwinia amylovora on apple
MAPPING THE PRESENCE OF ERWIN/A AMYLOVORA ON APPLE FLOWERS AND THE
SUBSEQUENT INCIDENCE OF FIRE BLIGHT

Sherman Thomson
Dept. ofBiology
Utah State University
Logan, UT 84322-5305
801-797-3406
E-mail: Shermt@ext.usu.edu
The presence of E. amylovora on the stigmas of healthy Rome apple flowers ~as determined by
pressing the stigmas on CCT medium using the stigma blot technique. Apple flowers were
colonized with E. amylovora fourteen days before any new blight symptoms were apparent in the
orchard. The incidence of colonized flowers increased with time and was associated with oozing
overwintering cankers. Fire blight incidence was correlated with the presence of E. amylovora on
stigmas. Despite the increase in the number of colonized stigmas over ten days, most of the
flower infections occurred on the same day. This supports the concept that a specific event
triggered infection and that colonization of the stigma was not sufficient to result in disease.
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I.

Deciduous Orchard Diseases
a. Cultural Practices
1.
Crown and root rot; apple
Raj Utkhede and Emmerson Smith
Agriculture and Agrlfood Canada,
Research Centre, Summerland, British
Columbia, V0H 120.

Influence of three Irrigation practices on phytophthora crown and root rot of apple
trees under field conditions: Phytophthora crown and root rot (PCRR) caused by
Phytophthora cactorum, is one of the most serious soilbome diseases of apple trees in
the Okanagan Valley of British Columbia. Information is lacking on the effect of different
methods of irrigation on the incidence of PCRR.
The field test was conducted to examine the effect of three practices of Irrigation on the
development of PCRR of apple trees In a sandy loam soil at Kelowna Substation located
in the Okanagan Valley of British Columbia. One-year•old disease free trees of the crown
rot susceptible rootstock MM.106 were bench-grafted with "Macspur' in February 1985
and planted on 22 April 1985. Tree spacing was 3.5 m between rows and 1 M between
trees. Four treatments were arranged in a randomized complete block design with 4
replications. There were 24 trees per treatment planted in 3 rows. The outside rows
served as guard rows to avoid interplot interference.The drips and mlcrojets were located
1 m and 2 m, respectively, apart within a row. The sprinklers were located at 4 corners
of the plot. The treatments were : microjet irrigation • 2.3 hr daily, drip irrigation • 2.6
hr daily, sprinkler irrigation- 1.5 hr every 7 days, and sprinkler irrigation • 3.0 hr every 7
days. The automatic op.iration of the irrigation system was controlled by an lrri-Trol C.Q.
Battery Operated Controller. The amount of water delivered to each tree per day was
calculated for each treatment as follows: drip • 11 L , mlcroJet • 29 L , sprinkler 1.5 h • 20
L, and sprinkler 3.0 h • 40 L Soll around each tree was Infested with P. cactorum
annually in mid-June. The trees were irrigated with their respective irrigation methods
immediately after the soil infestation with P. oactorum. During the growing season the
experimental plot was Irrigated as per treatments. Weeds, Insects, and foliar diseases
were controlled by standard orchard practices.
This eight year study indicates that crown and root rot caused by Phytophthors cactorum
was most severe where young MM.106 rootstock trees were watered by microjet irrigation
for 2.3 h each day. There was no difference in infection by P. oaotorum when trees were
Irrigated either by drip or sprinkler irrigation systems. The MM.106 apple rootstock trees
watered by drip irrigation for 2.6 h each day were least affected by phytophthora crown
and root rot.
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Western Orchard Pest and Disease Mgt. Conference. Portland OR.,
6.
Biology I Phenology Section
1.
Exotic Fruit Tree Pests in Whatcom County, Washington

\

Jan. 12, 1996

Eric LaGasa
Plant Services Div., Wash. St. Dept. of Agriculture
P.O. Box 42560, Olympia, Washington 98504-2560
(360) 902-2063
a348sproolwa@attmail.com
The Washington State Department of Agriculture (WSDA) has conducted detection surveys and other
field projects for exotic pests since the mid-1980's, with funding provided by the USDA/ APHIS
Cooperative Agricultural Pest Survey (CAPS) program. Recent discovery of several exotic fruit tree
pests in northwestern Washington prompted a 1994-1995 CAPS survey of apple trees to identify all
leaf-feeding apple pests currently in Whatcom County. Additional exotic apple pest species, new to
either the region or U.S. were discovered. This paper presents some brief descriptions of species
detected in that project, and other exotic fru.it tree pest species discovered in northwest Washington
since 1985.
Table 1. · Exotic Fruit Tree Pests New to Northwestern Washington

State - 1985 to l 995

green pug moth . Geometridae: Chloroclystis rectangulata (L.)
An early, persistent European pest of apple, pear, cherry and other fru.it trees. Larvae attack buds,
blossoms, and leaves from March to June. Damage to blossoms causes considerable deformation of
fruit. Larvae are common in apple blossoms in Whatcom County, where it was first reared from apple
trees in 1994. This pest, new to North America, was also recently detected in the northeastern U.S.

Croesia holmiana - Tortricidae: Croesia holmiana IL.)
A common pest of many fruit trees and ornamental plants in Europe and Asia, where it is considered
a minor problem. Spring larval feeding affects only leaves. First reported in B.C. in 1977, this pest
has been collected in large numbers in survey traps (for other pest species) throughout the Puget
Sound area since the mid-1980's. Reared from apple trees in Whatcom County in 1994, larvae are
common on apple trees in that county. This pest is not known to occur anywhere else in North
America.
apple leaf midge - Cecidomyiidae: Dasineura mali (Kieffer)
This apple leaf feeding gall-fly was first reported from Whatcom County in 1994 by Dr. Elizabeth
Beers, who was contacted by a field consultant seeking a treatment for this unrecognized pest. Larval
feeding damage from three or more generations per year is limited to new leaves, but heavy
populations can reduce growth and stunt young trees. Originally from Europe, apple leaf gall midge is
also found in the northeastern U.S., eastern Canada, and New Zealand. Although now common in
northern Whatcom County, the 1994 discovery may be the first documentation of this pest in -western
North America.
cherry bark tortrix -Tortricidae: Enarmonia formosana (Scopoli)
An unusual bark-feeding European tortricid pest of many Prunus spp., apples, and some
ornamentals. Larvae attack the bark of older trees. Branches and whole trees may be killed.
Reported in B.C. in 1990, it was found in Whatcom Co. in 1991. Much of the Puget Sound area is now
infested. Most older cherry trees in Whatcom County are very heavily infested, particularly grafted
flowering cherry varieties. This difficult-to-control pest is also new to North America.
green bud worm. Tortricidae: Hedya nubiferana (Haworth)
This European leafroller is also found in the Eastern U.S. and Canada. Considered a minor pest in
Europe, the literature notes the pest as sometimes abundant in unsprayed orchards. Overwintering
larvae feed on opening leaf and blossom buds in spring, and may also bore into and ldll new branch
tips. First described from B.C. in 1914, a few specimens reared from apple leaves in Whatcom County
in 1994 are the first known detections in the Western U.S.

New Fruit Tree Defoliator and Bark Feeding Pests in N. W. Washington
Genus, species

Common Name

Detection
Status

Archips
fuscocupreanus
(Walsingham)

apple tortrix

New to North
America

Chloroclystis
rectangulata (L.)

green pug moth

Croesia holmiana (L.)

Fruit Tree Hosts

Damage

Overwinter stage
/ site

Malus, Pyrus,

Pru nus

Blossoms (fruit),
leaves

egg / on trunk,
limbs

New to
Pacific
Northwest

Malus, Pyrus,
Prunus

Blossoms (fruit),
leaves

egg / on
branches, buds

New to U.S.

Malus, Pyrus,
Prunus

Leaves

egg/ on
branches, buds

Dasineura mali
(Kieffer)

apple leaf gall
midge

New to
Pacttic
Northwest

Malus

Leaves

pupa / in soil

Enarmonia formosana
(Scopoli)

cherry bark
tortrix

New to U.S.

Malus, Prunus

Bark, girdles trunk
/ limbs

larva / inside
bark

Hedya nubiferana
(Haworth)

green budworm

New to
Pacific
Northwest

Malus, Pyrus,
Prunus

Blossoms (fruit),
larva / on trunk
leaves, new shoots
or branches

Hemithea aestivaria
(Hubner)

European
emerald

New to U.S.

Malus, Pyrus,
Prunus

Blossoms (fruit),
leaves

larva / on trunk
or branches

Operophtera brumata
(L.)

winter moth

?

Malus, Pyrus,
Prunus

Blossoms (fruit),
leaves

egg / on trunk

Pandemis cerasana
(Hubner)

barred fruit
tree tortrix

New to U.S.

Malus, Pyrus,
Prunus

Blossoms (fruit),
leaves

larva / on trunk
or branches

Pandemis heparana
(Denis & Schiff.)

dark fruit tree
tortrix

New to U.S.

Malus, Pyrus,
Prunus

Blossoms (fruit),
leaves

larva / on trunk
or branches

Recurvaria nanella
(Hubner)

lesser bud
moth

New to
Pacttic
Northwest

Malus, Pyrus,
Prunus

Blossoms (fruit),
leaves

Yponomeuta
malinellus (Zeller)

apple ermine
moth

New to U.S.

Malus

Yponomeuta padellus
(Zeller)

cherry ermine
moth

New to U.S.

Prunus

Leaves

larva / on limbs

?

Malus

Leaves

pupa

Swammerdamia
pelicaria (Retzius)
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Leaves, fruit
(early)

I

larva / on trunk
or branches

larva / on limbs
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