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Thresholds and Monitoring
MONITORING CODLING MOTH IN APPLE WITH A BISEXUAL ATTRACTANT

Dr. Alan Knight (USDA, ARS, Wapato, WA),
Dr. Doug Light (USDA, ARS, Albany, CA)
and Dr. Scott Lingren (Trece Inc., Salinas CA)

Key Words: Cydia pomonella, kairomone

Lures loaded with DA2313, the potent bisexual attractant for codling moth were
evaluated in over 100 orchards in Washington State during the 2000 season. DA2313
lures were effective in tracking the emergence and flight periods of codling moth. As a
general rule, moth captures by DA2313-baited traps begins a few days after the first
males are caught in pheromone-baited traps and weekly counts are generally lower during
the first flight in DA2313-baited than pheromone-baited traps. However, DA2313 lures
clearly outperformed sex pheromone lures during the second flight in pheromone-treated
orchards. The regression of moth catch versus the estimate of fruit injury within 2.5
acres around each trap was more highly correlated with DA2313-baited than with sex
pheromone-baited traps. Traps baited with DA2313 were used effectively to establish a
Biofix for timing insecticide applications. However, sprays based on 155 degree days
(time required for egg hatch) not 250 degree days following Biofix are recommended
with the use of DA2313. Preliminary data suggest that practitioners may not need to sex
moths caught in the trap or dissect the female moths to determine their mating status
when using DA2313 lures. Apparently, high levels of female mating occurs in orchards
treated with Isomate-C+ despite its success in reducing fruit injury, and both sexes tend
to be caught concurrently. Segregating female catch did not improve the moth catch
regression with fruit injury.




Thresholds and Monitoring
ORIENTAL FRUIT MOTH MONITORING IN WASHINGTON

Mark Hitchcox and Michael W. Klaus
Washington State Department of Agriculture
21 N. 1* Avenue, Suite 103
Yakima, WA 98902
and Michael J. Willett
Northwest Horticultural Council
903 Larson Bldg.

6 South 2™ Street
Yakima, WA 98901

Keywords: Oriental firuit moth, Grapholita molesta, quarantine, certlﬁcatlon monitoring,
pheromone, peach, apricot, nectarine, apple

Oriental fruit moth (OFM), Grapholita molesta (Busck) is primarily a pest of peaches, but
literature also lists nectarines,apricot, apple, cherry, plum, prune and quince as hosts. In
Washington State, OFM occurs almost exclusively on peaches and rarely in apples, apricots,
plums and prunes.

Representatives of the Washington stone fruit industry asked WSDA to continue monitoring for
OFM in 2000. Due to quarantine restrictions by British Columbia (ID-99-04), Washington stone
fruit growers wanting to ship into British Columbia are required to participate in the Canadian
OFM Certification Pilot Program. This program requires growers to follow a strict orchard
monitoring/control and inspection protocol. Many entomologists, extension agents and industry
experts believe that OFM may not exist in some of the growing regions of our state. Our survey
objective was to determine the current presence or absence of OFM in the major fruit growing
regions of Washington State and to help determine whether official pest free areas, as defined by
the North American Plant Protection Organization (NAPPO, 1994), may be established.

Materials and Methods: WSDA agreed to follow up our 1999 monitoring of OFM in 2000.
Pherocon 1C sticky traps (low “stickum” form) containing a Trece OFM pheromone lure were
again placed late July through September to detect third generation OFM. A well-established and
efficient method of detecting multiple pest species in an area involves the practice of placing
different trap types at the same specific locations within the area — also known as
“piggybacking”. Because apple maggot trapping occurred in the same areas for which OFM data
were needed, OFM traps were piggybacked with apple maggot (AM) traps at selected sites.




Sites having the respective host trees for AM and OFM, namely apple and peach, were the
preferred piggyback sites, but, as needed, apple-only sites received both AM and OFM traps.
Both trap types may be placed in the same tree if necessary. Some sites had only OFM traps.
The survey focused on unsprayed backyard peach, nectarine, apricot, apple or plum trees.

Results and Discussion: The 2000 OFM survey monitored 213 trap sites compared to 300 in
1999. Traps were distributed among nine counties of interest from late July until late September.
Table 1 lists the results. No OFM were caught in the previously positive counties of Franklin and
Walla Walla in 2000. The single Kittitas County OFM detection represents a new county record.
Chelan, Douglas, Grant, and Okanogan traps again yielded no OFM. Yakima County had only
one catch 1n 2000 compared to three catch sites in 1999. A new site within the Yakima city limits
was the only 2000 catch in Yakima County. The three 1999 positive sites from Yakima County
did not repeat with OFM catches in 2000.

Table 1. 2000 WSDA Oriental Frnit Moth Survey
County Number of Traps Number of Positive | Number of OFM
Placed Trap Sites Caught
Benton 19 12 99
Chelan 43 0 0
Douglas 16 0 0
Franklin 8 0 0
Grant 31 0 0
Kittitas 13 1 1
Okanogan 45 0 0
Walla Walla 6 0 0-
Yakima 32 1 2
Totals 213 14 102




1. Thresholds and Monitoring

OVIPOSITION PREFERENCE OF CODLING MOTH BETWEEN CUT AND UNCUT
FRUIT OF BARTLETT, BOSC AND BEURRE HARDY CULTIVARS IN THE
SACRAMENTO VALLEY

B. G. Zoller
The Pear Doctor, Inc.
P. O. Box 335
Kelseyville, California 95451

Keywords: codling moth, Cydia pomonella, pears, oviposition preference

An egg presence method for monitoring codling moth in a pear orchard with
multiple varieties was studied. Wounded and intact fruit cluster samples were examined at
950 — 2200 degree days (88F/S0F basis) for new oviposition at intervals from the B peak of
overwintering adult flight through the early second generation flight of the A peak. The
period encompassed 28 days before first Bartlett harvest to 7 days after. Paired sample
trees for comparison were adjacent in the orchard. In the case of cut fruit cluster samples,
a 2-3 cm diameter portion of epidermis and cortex 0.5 — 1 cm maximum depth was removed
from one fruit in a cluster on the east side of trees, at eye level, one week prior to assaying
for egg presence on the attached fruit. The test orchard was 40 acres of Bartlett pears, 200
trees/acre with a pollinizer tree of Beurre Hardy or Comice every 10 trees every S rows. A
4 acre area of Bartlett interplanted with Bosc provided test trees for Bosc: Bartlett
comparisons. The orchard has had a high codling moth population over the years.

Resnlts and Discussion

Intact Bosc and Hardy fruit were much preferred over intact Bartlett prior to
harvest (Fig 1). Wounding fruit with a cut resulted in increased codling moth eviposition
compared with intact fruit in the case of Bartlett and Hardy but not in the case of Bosc (Fig
2). The response to cut fruit diminished as the interval before harvest decreased in the
period studied. Wounded Bartlett fruit were preferred over intact Hardy, but not to as
~ great a degree as wounded Hardy over intact Bartlett. In two late season tests, intact Bosc
was not preferred over wounded Bartlett, but wounded Bosc was hugely preferred to intact
Bartlett (Fig 3).

These results are in agreement with the hypothesis that a certain attracting factor(s)
is present in fruit during the period tested, The detectable presence of this factor(s) as
measured by increased codling moth ovipoesition may be augmnented by wounding, except
less so in the case of Bosc where the factor is very strong from intact fruit. As the fruit
matures, the factor(s) begins to be more prevalent without wounding in the cases of Hardy
and Bartlett, also, so that oviposition preference for cut fruit or for earlier preferred intact
fruit decreases as harvest approaches. The results suggest that the presence of mated
female codling moths might be monitored through the use of oviposition biased sampling of
wounded fruit during the period studied in Bartlett or Beurre Hardy orchards, or by Bosc
sampling in mixed Bosc and Bartlett orchards.




S_

5

8

EG{ DETECTION RATIO >

E B B 8

"PGA DETECTION RATIO &

INTACT FRUIT

EGQS/ 100 FRUIT, SACRAMENTO VALLEY

FIGURE 1

35 28 2 14 7 0 +1
DAYS BEFORE DARTLETT HARVEST

HARDY: PARTLETT ) BARTLETT: BARTLETT
[ sosc: BARTLETT '

CUT vs UNCUT FRUIT

EGGY 100 FRUIT, SACRAMENTO YALLEY

49 41

FIGURE 3

1 4 7
DAYS BEFORE BARTLETT HARVEST
s HARDVBARTLETT , PARTLETTHARDY
Y 3964 3.97X; R2= 0.778; P= 0.119 Y130+ 0.743; R2w= 0.916; P= 0.043

-g-BOSCBARTLETT ¢ BARTLETT:BOSC

i Il " I + -
[}

CUT vs UNCUT FRUIT

EGGS/ 100 FRUIT, SACRAMENTO YALLEY

120

FIGURE 2
M 104 |- a
Q
3
E
:
a 1 " N X x
b 14 7 ] +7
DAYS BEFORE BARTLETT HARVEST
a4 HARDYHARDY a BARTLETT: BARTLETT
Ym 13.9+ 1.01X; R2= 0.819; P= 0.035 Y= 2514 2.99X; R2= 0.907; P= 0.047

n BOSC:BOSC

Y 6.4+ 0.257K; B2= 0.131; P= 0638




1. Thresholds and Monitoring

BIASED SAMPLING OF CODLING MOTH OVIPOSITION USING A CUT FRUIT
TECHNIQUE TO MONITOR MATING DISRUPTION IN BARTLETT PEARS.

B. G. Zoller and A. M. Zoller
The Pear Doctor, Inc.
P. 0. Box 335
Kelseyville, California 95451

Keywords: codling moth, Cydia pomonella, pears, wound preference, oviposition
monitoring

An oviposition-biased sampling method for detecting the presence of mated female
codling moths was utilized in pest management of 1055 acres of Bartlett pears undergoing
mating disruption in the Big Valley area of Lake County, California. At 39 to 18 days
before first harvest, intact fruit cluster samples (4.8 clusters/acre per week) were inspected
at random for oviposition at 1050 — 1800 degree days (88F/50F basis). They were paired
with cluster samples containing a fruit wounded the previous week by removing a 2-3 cm
diameter portion of epidermis and fruit cortex to 0.5 - 1 cm maximum depth. The cut fruit
clusters were at eye level on the east sides of trees. An average of 0.52 cut frnit/acre per
week were inspected. Three cut fruit (0.29/acre) were located on 1 sample tree near the
center of each of 107 ten acre sample areas and an average 2.4 cut fruit (0.23/acre) were
placed in other locations of the sample areas thought to be potential hot spots.

Results and Discussion

Codling moth eggs were observed in 2 (0.01%) of 20,200 intact clusters examined vs
21 (0.95%) of 2212 wounded clusters examined 39 to 18 days before first harvest. In
considering the 1055 acres, this was a 95-fold increase in the detection of oviposition nsing
the cut fruit technique. In considering specific locations, oviposition was detected in 9
orchards encompassing 24 sample areas using the cut fruit technique. The mean detection
ratio of cut/uncut fruit clusters diminished from > 29 at 39 days before harvest to > 8 at 18
days before barvest (Figure 1). It is interesting that the detection ratio value of > 8 was
reached about 1 month earlier before harvest than in the Sacramento Valley Bartlett pear
comparisens discussed in the companion abstract (Fig 2). This perhaps indicates an earlier
release of the attracting factor(s) from intact fruit in the Big Valley area.

In the 9 positive orchards, extra random inspections of intact clusters were
performed. Three of the orchards received extra preharvest organephosphate treatments
but control was below average. Of the 6 untreated orchards, 5 blocks achieved acceptable
control below 1% infestation. The remaining block was heavily infested along the

southeast 1-5% of the orchard while the cut fruit and random intact cluster testing did not
sample this problem area.

Of the remaining 44 orchards (83 sample areas) with no positive cut fruit detection
of oviposition, 6 minor peripheral hotspot infestations, 2 major peripheral hotspot
infestations and 1 fairly general 1.5% infestation were present at harvest.
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Thresholds and Monitoring

A Comparison of Insects and Spiders Overwintering in Conventional and CM Mating Disruption
IPM Programs

Bradley S. Higbee
USDA-ARS,
5230 Konnowac Pass Rd., Wapato, Wa., 98951

Key Words: pear, apple, pear psylla, Cacopsylla pyricola, Anthocoris tomentosus, Orius
tristicolor, Deraeocoris brevis, Lygus, Stethorus picipes, overwintering, predators, spiders

Artificial overwintering sites (corrugated cardboard bundles) were placed in the crotches
of mature pear and apple trees at conventional and first year CAMP (codling moth areawide
mating disruption program) orchards in 1995. Bundles were placed in the trees during September
from 1995 to 1999 and retrieved in January of 1996 through 2000. The most numerous insect
families recovered from the bundles were Psyilidae (primarily Cacopsylla pyricola), Miridae
(Deraeocoris brevis Uhler), Hemerobiidae (Hemerobius spp.), Lygaeidae (Lygus spp.),
Anthocoridae (Orius tristicolor White, Anthocoris tomentosus = melanocerus Pericart),
Coccinellidae (Stethorus picipes) and Rhopalidae. Spiders from a number of families were also
numerous. There were distinct differences in numbers and composition of species overwintering
in orchards with conventional organophosphate - based pest management programs and those
with an areawide codling moth mating disruption - based programs. Some of these differences
increased in magnitude over the course of this 5 year study. Numbers of C. pryricola (pear
psylla) overwintering in conventional orchards were from 2 to 220 times more numerous in apple
and from 3 to 100 times more numerous in pear relative to areawide orchards.

Figurel. Mean numbers per bundle recovered from overwintering sites in apple and pear.
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Numbers of all predator species combined were about equal between the two programs in .
1995, with D. brevis and Hemerobius spp. more abundant in IPM orchards while O. tristicolor
and S. picipes were more numerous in conventional orchards. However, from 1996 to 1999, IPM
orchards had more overwintering predators than conventional orchards (fig. 2). Spiders were
more abundant in overwintering bundles from IPM orchards in 4 out of the 5 years in the study. )

Figure 2. Mean numbers per bundle recovered from overwintering sites in apple and pear.

Predators

16

g Conv

1995 19%6 1997 1998 1999

10




Flight of Codling moth within mating-disrupted orchards.
S. D. Cockfield
Okanogan Valley IPM, LLC
Brewster WA 98812

' According to current ideas, male codling moths can’t detect traps until they are perhaps
50 yards away. Therefore, the effective trapping area is so small a grower needs at least
one trap every 2.5 acres for a monitoring program. While that concept might be true,
most monitoring programs use a lower density of traps. Perhaps these traps can monitor
males effectively because the insects search for mates over a wide area. The purpose of
this paper is to present the results of a project to demonstrate detection of codling moth
from “hot spots” in an areawide mating disruption project, Brewster Areawide
Management, and to relate this to interpretation of trap catch data.

Five sites with CM hot spots were selected within BAM. At each site, 15,000
moths from the SIR were released in June. Males were caught in existing standard
pheromone traps (megalure, Trece, Inc. and delta traps). Most males canght had moved
within % mile of the release sites, but some were caught as far away as %2 mile. In one
site a few traps at the bottom of a hill caught no moths as close as % mile from the release
site, but traps further uphill caught many. In general, moths moved with the prevailing
northern evening wind, and uphill.

Low-density trap methods work when traps are placed in areas where they will
catch as many of the moving males as possible, such as on the top of a hill. Some traps in
BAM won’t catch anything for some reason and need to be moved. Traps gather
information from both near and far and the confounding can’t be resolved.

11




Thresholds and Monitoring

APPLE MAGGOT MONITORING IN WASHINGTON

Michael W. Klaus
‘Washington State Department of Agriculture
21 N. 1¥ Avenue, Suite 103
Yakima, WA 98902

Keywords: Apple maggot, Rhagoletis pomonella, quarantine, certification, monitoring, pest free
area, mating disruption, IPM, apple

WSDA has conducted surveys for various fruit flies since 1980. Based on survey results from
1980 — 2000, all of western Washington except for San Juan County is now considered infested
with apple maggot (AM). A monitoring and detection program for AM remains necessary for
Washington growers to be able to ship fresh apples to various domestic and foreign markets.
Recent changes in IPM practices with emphasis on mating disruption and other tactics may
increase the risk of AM infestation of commercial fruit in areas where AM occurs.

The objectives of the 2000 AM Survey were:

1. To determine which areas of Washington meet the official pest free areas designation, as
defined by the North American Plant Protection Organization (NAPPO, 1994).

2. To conduct certification monitoring in or around commercial orchards, as required to
determine which growers could meet regulations for shipping fresh apples out of the AM
quarantined areas of Washington.

3. Implementation of the Apple Maggot Detection Response Plan — a plan intended to prevent
the establishment of AM. '

Materials and Methods: WSDA monitored for AM from June 19 through September using
standard AM Yellow panel sticky traps baited with ammonium carbonate “supercharger” lures.
Traps were checked every two to four weeks and were changed at least every four weeks. Trap
deployment focused on noncommercial residential host trees in populated areas, abandoned
apple orchards and wild, roadside host trees. Major host trees included apple, crabapple,
ormamental and native hawthorn.

Results and Discussion: The 2000 AM survey included 4,954 trap sites. Table 1 lists the 2000
survey trap totals and results. There were several significant detections of AM in 2000 including
Wenatchee, Ellensburg and Yakima. These catches prompted the implementation of the Apple
Maggot Detection Response Plan.
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The AM Detection Response Plan includes high-density trap placement around recent detection

sites in cooperation with local Horticultural Pest and Disease Board AM control efforts.

Table 1. 2066 Apple Maggot Trap Placement and Catch Summary
County #of General Survey #Hof AM # of Catch Sites
Trap Sites (# of AM in special ( # of sites in special grids)
( # of Special Grid Trap | grids)
Sites or Certification
Trap Sites)
Benton 338 0 0
(158) 0 ®
Chelan 257 1 i
(241) @ W)
Douglas 122 0 0
Franklin 20 0 0
Grant 72 0 0
Kittitas 12 0 0
(925) (12) (21)
Klickitat 30 48 8
Okanogan 440 0 0
Skagit (493) (141) (51)
Spokzane 23 10 1
Walla Waila 2 0 0
‘Whatcom 9 9 4
(103) 1) n
Yakima 159 0 0
(1568) (3) {2
Sub-Totals 1524 68 14
(3430) (157) (63)
Totals 4,954 225 79
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Section 1. Thresholds and Monitoring
IMPROVEMENTS IN FEEDING ATTRACTANTS FOR NOCTUID MOTH PESTS.

Peter J. Landolt
USDA, ARS, 5230 Konnowac Pass Rd. Wapato, WA 98951

Many species of moths, including pest moths of tree fruit crops, are attracted to fermented
sweet baits. These baits have included various concoctions of brown sugar, fruit mashes,
molasses, beer, and yeast. Although attractive, these baits are extremely variable in
attractiveness, both in time and from batch to batch. The combination of acetic acid and 3-
methyl-1-butanol (isoamyl alcohol), isolated from the odors of fermented molasses and jaggery
solutions, was found to be attractive to both sexes of several species of Noctuidae found in
Northwest apple orchards. This discovery provides the potential to develop more efficacious and
dependable lures for use in monitoring moth activity in orchards and other crops. At this time,
these pests include Lacanobia subjuncta, Mamestra configurata, and Xestia c-nigrum.

Currently, L. subjuncta accounts for most of the “cutworm” or “fruitworm” damage to apple fruit
in eastern Washington and is a serious defoliator, while X. c-nigrum, the spotted cutworm, can
damage leaf and flower buds early in the Spring.

A wet trap had been used for capturing these moths attracted to acetic acid and 3-methyl-
1-butanol (AA-TAA lure), with acetic acid formulated in the drowning solution and 3-methyl-1-
butanol released from a polyethylene dispenser mounted inside the trap (Landolt 2000). This
trapping system is problematic in that trapped moths are difficult to identify, decomposing
insects alter the odor chemistry and decrease attractiveness, and the method of dispensing
attractants does not permit release rate optimization.

An alternative design has been developed, incorporating a different method of dispensing
the attractant from a dry trap (Landolt and Alfaro 2001). A seres of experiments were conducted
to determine the rate of release of the two co-attractants from a dispenser, to compare the
attractiveness of the AA-IAA lure at different release rates and at different ratios, and then to
compare the efficacy of different trap designs in capturing attracted moths. In this modified and
improved system, acetic acid and 3-methyl-1-butanol are released from separate polypropylene
vials, with a 3 mm diameter hole in each vial lid to permit the evaporation of the chemical. These
- two vials are placed inside the bucket of the Universal moth trap, along with Vaportape to kill
attracted moths. The rate of release of both chemicals from this system was found to be nearly
constant over a period of 28 days, with no decrease in release rate over time. Because moths are
normally dry in the trap and are killed quickly by the Vaportape, identification of specimens is
much easier and there is little decomposition.

This trapping system, using the AA-IAA lure dispensed from polypropylene vials in
UniTraps, was used in a season-long study in several habitats, both to determine what non-target
insects are trapped and to more broadly determine what other pest species the lure and trap might
be used against. To date, nearly 100 species of Noctuidae, 3 Thyatiridae, 3 Pyralidae, and 1
Tortricidae have been captured in these traps, including many species of cutworms and
armyworms. In an apple orchard, the moths captured were nearly principally L. subjuncta, M.
configurata, and X. c-nigrum until mid September, when several species of Euxoa were trapped.
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Thresholds and monitoring

EVALUATION OF A FOOD-BAIT LURE FOR MONITORING OF
LACANOBIA FRUITWORM, LACANOBIA SUBJUNCTA

Jay F. Brunner, Mike Doerr
WSU-TFREC, 1100 N. Western Ave., Wenatchee, WA 98801
Peter Landolt
USDA-ARS laboratory, Wapato, WA

Keywords: Lacanobia subjuncta, lacanobia fruitworm, food-bait, monitoring.

A food-bait lure was developed by Dr. Peter Landolt for monitoring noctuid pests in orchards.
The food-bait lure was a blend of acetic acid and isoamyl alcohol believed to be attractant
specifically to noctuids. In previous tests the attractant was placed in “wet” traps where the
moths were collected in a drowning solution. This was the first test of the noctuid attractant in a
“dry” lure. Because of this development, the food-bait lure could be used in standard monitoring
traps. This allowed for a direct comparison of the food-bait to a pheromone lure with all other
conditions being equal. This attractant was deployed in general purpose bucket-style traps
(Unitrap, Pherotech, Inc.) and placed in side-by-side comparisons with bucket-style traps baited
with a lacanobia fruitworm pheromone lure (Scenturion, Inc.) Twelve orchards ranging from the
Royal Slope area of Washington to Brewster were monitored. Orchards selected for study were
thought to have lacanobia fruitworm populations based on previous studies. Furthermore, each
orchard was chosen because of its history of reduced insecticide inputs. This was important in
order to limit disruption to normal phenological development. One of the test orchards was also a
lacanobia fruitworm mating disruption site (Lacanobia MD, 400 dispensers/a, Pacific
Biocontrol). A possible benefit of food-bait lures should be the ability to monitor plots with the
same lure regardless of the presence of mating disruption products. Each of the bucket-style traps
had a small piece (2x1 inch) of “kill-strip” (Hercon Vaportape, DDVP toxicant strip, Great
Lakes, IPM) placed in the collection area. A fresh kill strip was placed at the start of each of the
two generations. The pheromone lures were replaced every 6 weeks and the food-bait lures every
4 weeks. The traps were monitored every week and the total numbers of lacanobia fruitworm,
bertha armyworm and spotted cutworm males and females were recorded.

Results and Discussion

Lacanobia fruitworm were collected at each of the sites in both the pheromone and food-bait
traps. Adult Jacanobia phenology was closely correlated between the two lure technologies. The
food-bait lures attracted lacanobia males and females in a 50:50 ratio average over the entire
season. There did not appear to be a significant sex ratio difference either at the beginning or end
of the flight period. The food-bait trap was not specific to the lacanobia fruitworm and attracted
many noctuid species. Included in the samples were bertha armyworm and spotted cutworm.
This monitoring system may be ideal for monitoring all three of these important orchard pests
although a certain skill level was required to differentiate the important pests from various other
noctuids present. The mating disruption product shut down pheromone trap catch for both the

17



first and second generations. However, the food-bait traps in both treatments attracted lacanobia
males and females at equal levels throughout both generations.

The development of a “dry” food-bait attractant that can be placed into the same monitoring
device as a pheromone lure was an important innovation in 2000. These attractants appear to be
capable lures for monitoring a variety of noctuid pests under all management practices. These
lures should prove to be valuable tools for both research of male and female behavior as well as
the practical application of developing consistent treatments and reliable thresholds based on trap
catch. If this technology can be developed for all lepidopteran pests, thresholds could be
developed that would be consistent whether mating disruption was used or not. It remains
important to determine ideal release rates as well as the area of attractancy for non-pheromone
baits to best utilize this new technology.



Thresholds/Monitoring/Sampling

FIELD ATTRACTION OF CONSPERSE STINK BUG TO SYNTHETIC
PHEROMONE SOURCES.

Christian H. Krupke and Jay F. Brunner

Department of Entomology
Washington State University
WSU Tree Fruit Research and Extension Center
1100 North Western Ave.
Wenatchee, WA 98801

INTRODUCTION
The use of the primary component of Euschistus conspersus aggregation pheromone

continues to be the focus of efforts to monitor and control this damaging pest in NCW orchards.
In the past we have been able to attract bugs to baited plants, and to the vicinity of baited traps.
Research in 2000 focused on ehuicidating some of the underlying mechanisms of this attraction —
when bugs are attracted to pheromone, how quickly they form/disperse from aggregations, and
‘from what distance. These are all key factors in assessing where, when and how to use the
pheromone for monitoring/management.

METHODS AND MATERIALS

Timing of attraction/reproductive status + speed of aggregation-dispersal: These questions
were addressed using mullein plants baited with polyethylene vials filled with methyl 2,4-
decadienoate. Bugs were counted in both overwintered (reproductive) and summer (pre-
reproductive) generations, with unbaited mullein plants acting as controls. Bugs were removing
at each count in the first series of experiments, designed to determine attractiveness of baited
plants. However, in the experiment investigating the timing of aggregation bugs were not
removed from the plant throughout the 2 week duration of the experiment. Bugs were counted
daily throughout the experiment, and the lure removed from baited plants after 7 days to
investigate the amount of time until the bugs dispersed from baited plants.

Attractive radius of pheromone Iures: A mark/release/recapture experiment was conducted to
. investigate the attractive radius of the pheromone. Colour-coded marked adult bugs in both the
spring and summer generations were released at distances of 10, 25, and 50 m from pheromone-
baited mullein plants. 300 bugs were released/distance/rep and the experiment was replicated
four times. Numbers of marked bugs at the baited plant were counted daily for 7 days following
release. Numbers of unmarked bugs were also recorded for estimates of total wild stink bug
populations in the sampling area.

RESULTS AND DISCUSSION

Timing of aggregation/reproductive status: Adult bugs were significantly attracted to
baited plants in both spring (reproductive) and summer (pre-reproductive) generations. The sex
ratio of attracted bugs was close to 50:50. This is encouraging from a management standpoint as
it may allow for the development of attract-and-kill strategies that target the spring, reproductive
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generation before the vast majority of eggs have been laid. This will reduce populations, and
hopefully damage, later in season.

Timing of aggregation/speed of aggregation: Bugs appeared to reach maximum densities
upon baited mullein plants very rapidly after baiting, usually within 24-48 hours. After this
initial period of high recruitment, bug numbers remained relatively stable until lures were
removed from batted plants. Following lure removal, aggregations began to disperse
immediately and had reached the levels of unbaited mullein plants after approximately 2-3 days.
This data suggests that the lure has a relatively short attractive radius, a hypothesis that was
tested in the following experiment.

Attractive radius: The vast majority of bugs recaptured were from the 10 m release
distance in each replicate (Fig. 1). Very few bugs were recaptured from the 25 and 50 m
releases. This suggests the pheromone (as released by our devices), has a relatively short-range
activity area. This was not surprising, given the gregarious nature of these insects and their
overall ecology. This information provides a possible starting point for studies of the feasibility
of aggregate-and-kill or bait stations for stink bug management on orchard borders.

-

Percent recapture
"B

e C)verwiniered

5 = Pre-reproductive

10m 25m 50m
Release distance

Figure 1. Percent recapture of marked E. conspersus released at 10, 25 and 50 m from
pheromone-baited plants.




Thresholds and Monitoring

INTERACTION OF HERBIVORY AND WATER STRESS ON
WHOLE CANOPY PHOTOSYNTHESIS IN APPLE

E. H. Beers, P. D. Himmel, and R. Talley
Tree Fruit Research & Extension Center, 1100 N. Western Ave., Wenatchee, WA 98801

Keywords: photosynthesis, water stress, apple, Tetranychus urticae, Panonychus ulmi

Material and Methods. This experiment examined the interaction between two environmental
stressors of apple trees, one biotic (mite feeding) and one abiotic (water stress). The goal is to
refine thresholds for apple herbivores under varying conditions.

Experimental Design:This experiment was conducted in a 4-yr-old apple block (planted April
1996) composed of the cultivars ‘Oregon Spur I/MM.111°, ‘Fuji BC2/EMLA7’, ‘Smoothee
Golden Delicous/EMLA7’, and ‘Royal Gala’EMLA7’. Trees were planted 12 x 18 ft in 6 tree
plots with 1 each of the four cultivars plus two ‘Oregon Spur’ guard trees at the ends of the plots.
In addition to the experimental irrigation system described below, the orchard had a permanently
installed undertree impact sprinkler system. The experimental design was a factorial treatment
arrangement with the main factors of mite stress and water stress. Individual treatments were 1)
Hi mites, hi water; 2) Hi mites, lo water; 3) Lo mites, hi water; 4)Lo mites, lo water. The plot
layout was a randomized complete block with four replicate blocks.

Mite populations. Twospotted spider mites (Tetranychus urticae Koch) from a laboratory colony
reared on bean were distributed in the treatments destined for high mite levels beginning in early
May. Plots in the low-mite treatments were sprayed three times with various adulticidal and
ovicidal miticides.

Moisture management. An above-ground microsprinkler irrigation system was installed in early
July in order to control water on a plot by plot basis. Treatments with unstressed plants were
watered weekly (during July and August), and treatments with stressed plants were watered
every two weeks (8 h sets). Sentek EnviroScan® Soil moisture probes were installed two of the
four replicates (A and C). The probes were installed close to from the trunk of the ‘Oregon
Spur’ tree from which all mite population and plant response measurements were taken. Each
probe contained 4 sensors, at depths of 20, 30, 40, and 60 cm. Sensors were hard-wired to a
~ solar-panel driven data logger, with readings taken every 10 minutes.

Photosynthesis measurements. Measurements of whole-canopy photosynthesis were taken 4
times at ca. 3-week intervals from late July to early October. Tree were enclosed in Mylar®
chambers, and net carbon assimilation was estimated by the difference between CO;
concentrations entering and exiting the chambers.

Tree measurements. Fruit circumference was measured weekly from late July through harvest.
Trunk circumference was measured at the beginning of season and at the end (October).

Results. Preliminary results indicate a significant effect of mite feeding damage in depressing
net carbon assimilation by ‘Oregon Spur’ trees in the range of up to 500 cumulative mite days
(July 28 measurement) (Fig. 1). No effect was found in subsequent measurements. Water stress
signficantly depressed NCA during the Sep 11 measurement (Fig. 2). No differences were found
in fruit growth, although crop load was probably too light to be influenced by either mite feeding
or water stress. Trunk cross-sectional area was similarly unaffected.
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Fig. 1. Relationship between mite feeding damage and water stress, 28 July, ‘Oregon Spur’.
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Fig. 2. Effect of water stress on net photosynthesis of apple, ‘Oregon Spur’, 11 Sep 2000.
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WENATCHEE VALLEY PEAR IPM PROJECT (WVPP)
—YEAR 2-

Ted Alway
TC Alway Consulting, PO Box 385, Peshastin, WA 98847

Keywords: pear psylla, Cacopsylla pyricola, grape mealybug, Pseudococcus maritimus, spider
mites, Tetranychus, Deraeocoris brevis, Campylomma verbasci, Trechnites, biological control,
chemical control, insecticide, pear

The WVPP seeks to demonstrate the increased use of biological control of key pests in
Wenatchee Valley pear orchards to develop pest management programs that are equally or more
effective and economical than the chemically intensive programs currently used. This three-year
project completed its second year in 2000, working with the same 15 growers on 141 acres
throughout the Valley. D’Anjou pear was the cultivar monitored. Each block was monitored
weekly from mid-March until pear harvest, with appropriate sampling on each visit for pests and
natural enemies. This information was conveyed the same day to the grower and his
consultant(s) for use in pest control decisions.

The growers’ pest control programs divided into two general categories. “Hard” blocks
(seven sites) used broad-spectrum insecticides before and after bloom for pear psylia control.
These materials included a pyrethroid (6 growers), Pyramite (6), AgriMek (7), and Provado (6).
Five growers made two applications of Provado. “Soft” blocks (eight sites) used none of the
above materials. For psylla control sprays, these growers mostly relied upon a Surround (pre-
bloom only, 6 growers), Esteem (3), and foliar oil (8). Three of the eight growers managed their
blocks organically. All of these blocks were under a soft pest management program in 1999 as
well. The terms “hard” and “soft” are convenient but can be misleading. Most hard blocks also
used codling moth mating disruption, sprayed no or few organophosphates after bloom, and used
Surround in the pre-bloom period. Their use of the psyllicides listed above was a significant
difference that affected pest and natural enemy populations.

2000 observations

1. Pear psylla — Populations were far lower in most soft blocks in 2000 than in 1999, and were
similar to hard block populations. Fruit damage was also far lower, with 3% of fruit with
marking on average in 2000 vs. 25% in 1999; hard blocks also averaged 3% marking.

2. Spider mites — The soft blocks had consistently lower numbers of spider mites (Tetranychus
spp.) than the hard blocks. Soft blocks applied few or no miticides, other than foliar oil (7
blocks) and Savey (2 blocks); hard blocks applied two to four miticides besides oil, including
Pyramite, AgriMek, Savey, Vendex and Carzol.

3. Grape mealybug — This pest was found in nine WVPP blocks in 2000(six soft, three hard).
Among the soft blocks, two showed large drops in GMB numbers from the previous year and
three remained at low, non-economic levels. One block has significant damage, with GMB
numbers remaining high in the second year; this block did not develop high numbers of
natural enemies in 1999 as did the other soft blocks, probably due to frequent summer
Surround applications.

23



4. Other pests — Leafrollers were a problem in several soft blocks in 1999 but fruit damage was
reduced in 2000 by Bt sprays. They are an increasing problem in several other soft blocks.
Codling moth was generally well controlled by mating disruption alone, as only six blocks (3
hard, 3 soft) supplemented pheromones with an insecticide and damage (with one exception)
was very low. Stink bug and boxelder bug were a problem for several blocks, both soft and

 hard, bordering native forest habitat; no sprays were applied for their control. Green
fruitworm emerged as a pest in three blocks, all with extensive contact with forest. Pear rust
mite was detected in leaf samples from the organic blocks, with no fruit russetting found in
any block.

5. Natural enemies — Populations of predators and parasites developed in the soft blocks in
1999 and returned in 2000 in higher numbers and much earlier in the season. Most hard
blocks had far fewer or no natural enemies throughout the growing season. Deraeocoris
brevis and Campylomma verbasci were the most abundant and widespread predators; other
common predators included lacewings (particularly brown), earwigs, coccinellids and
spiders. The psylla parasitoid Trechnites was found in all eight soft blocks in 2000, often in
high numbers.

6. Costs - The soft blocks generally had less expensive programs than the hard ones (soft
average material cost was $394, hard average was $634). Six of the eight cheapest spray
programs were in soft blocks. Six soft blocks reduced spray costs from 1999 levels, as they
sprayed less often with less pest pressure in 2000. Soft blocks tended to be treated more
often (an average 10 applications/season, vs. 7.3 in the hard blocks), due to the use of
materials with less toxicity and less residual activity, like spray oil.

Limitations

* Most soft blocks suffered high psylla damage during the first year of establishing improved
biological control, as the psylla populations increased greatly before natural enemies became
established.

» Close proximity to native habitat appears to be important, as these lands serve as a reservoir
for key natural enemies; a successful soft program may not be possible for blocks in the
midst of farmed areas. The WVPP soft blocks tend to have more contact with native habitat.

¢ Soft pest management programs require more intensive and regular monitoring of pests and
natural enemies than growers typically receive. Growers will have to pay extra for this
information, and presently there are few people available to provide this degree of service.

* Soft programs are more risky, as they have not yet been shown to provide reliable pest
control over many seasons. With lower fruit returns, most growers are less inclined to accept
this increased risk.

* Mineral oil is a central part of soft pear pest management programs, particularly applications
made after bloom. There remain concerns with oil about both the risks of fruit marking and
the long-term effects on tree health.

The WVPP has demonstrated it is possible to develop successful biocontrol of pear psylla and
spider mites in the high pest pressure areas of the Wenatchee Valley. The situation with grape
mealybug is less clear but developments are promising. It appears that biocontrol in pear
orchards can be disrupted not only by the use of organophosphates but also several materials
applied for psylla, mite or mealybug control. The third year of the project will further establish
the stability and limitations of these biocontrol situations.
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WSHA PEAR IPM PROJECT

A. Brooke Peterson
Project Coordinator

105 South 18th Street, Suite 214D
Yakima, WA 98801

The goal of the Washington State Horticultural Association Pear IPM Project is the widespread
implementation of 2 more environmentally stable and economically viable pear pest
management system in Washington State. Participants in the project include the Center for
Agricultural Partnerships, Del Monte Foods, Snokist Growers, and the Washington State
Horticuitural Association. $500,000 in project funding is coming from the Pew Charitable
Trusts and the U.S. EPA’s Office of Pesticide Programs. The EPA would like to assist the
industry as it struggles to meet new Food Quality Protection Act (FQPA) requirements. The Pew
Charitable Trusts hope to see a reduction in the amount of organophosphates (OPs) used in pear
orchards.

Pear IPM Project participants reduced OPs by 40%, 55% and 78% on 640 acres, 2000+ acres and
approximately 3,500 acres in years one, two and three, respectively, of the project. Codling
Moth mating disruption was the main tactic used to reduce OP use. Economically, CMMD
mating disruption was slightly more expensive in year one of adoption and less expensive in
subsequent years. Overall, adoption of a “softer approach™ to pear pest management is
economically advantageous. Even though CMMD use expanded rapidly, more than half of the
consultants interviewed in a key informant survey had at least one negative experience with
CMMD. Seven keys to a successful IPM implementation project were identified. They are: 1)
Motivation for Change; 2) A New Technology; 3) Makes money sense for the grower; 4) Project
funding- a source of money; 5) An aggressive coordinated industry; 6} Grower ownership of the
project; 7) Capable Managment
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CONTROL OF WESTERN FLOWER THRIPS IN APPLES USING SUCCESS*
NATURALYTE* INSECT CONTROL

! Vanelle Carrithers, Astrid Gebbard
! Dow AgroSciences
28884 South Marshalil
Mulino, OR 97042
(503) 829-4933
vicarrithers@dowagro.com

Keywords: spinosad, Success, apples, western flower thrips, Frankeliniellia occidentalis

Introduction

Thrips can be a significant problem causing pansy spots in certain varieties of apples such
as Granny Smith and Gala. Additional restrictions under FQPA have decreased the amount and
number of applications on some insecticides used for thrips control. Previous research has
shown good efficacy with Success on western flower thrips. This study was established to
determine the efficacy of Success on western flower thrips under field conditions when
compared to the commercial standard, Carzol 92SP.

Material and Methods _ :

Three biocks of Granny Smith apples located in Vantage, WA were chosen to use in the
study. Each block was split in order to receive treatments of Success or Carzol for thrips control.
Treatments included Success at 6 oz of product/A and Carzol 92SP at 1 1b/A product both
applied at full bloom (early petal fall). Timing of the sprays was based on monitoring data.
Noticeable increase in numbers of thrips and a treatment threshold of 0.2-0.3 triggered the
sprays. Applications of other pesticides were at the discretion of the field person and the grower.
The grower’s airblast sprayer, under the supervision of the field person, was used to apply all
materials.

Thrip counts were taken by tapping three times on a limb with flowers. At each
evaluation interval 10 limbs were sampled at 10 sites in the treatment block for a total of 100
limbs. Pretreatment limb tap sampling were done in the late afternoon where sprays were to be
applied the same evening. In orchards where Surround (kaolin clay) had been used the fruit was
wiped clean using moist cotton cloths in order to sample for pansy spot.

Results and Conclusion

Success at 6 oz product/A gave comparable control of western flower thrips to Carzol
92SP at 1 Ib/A (table 1) under operational conditions. Historically optimum application timing
for control of thrips in apples is between pink and petal fall. If thrips are the primary target pest
then the optimum timing should be pink. If leafrollers are the primary target pest applications
may be timed at petal fall in order to control both pests. But if applications for leafroller are
delayed to late petal fall, thrips will be controlled but it is past the time for fruit injury (pansy
spot) to occur.
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- * Trademark of Dow AgroSciences, LLC

TABLE 1. Average number of thrips at pretreatment and 3 and 7 days after treatment in Granny
Smith apple blocks treated with Success or Carzol 92SP.
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MICHIGAN APPLE IPM IMPLEMENTATION PROJECT - YEAR TWO

David Epstein, Larry Gut, Charles Edson, Pete McGhee, and Dan Waldstein
Michigan State University, B18 Food Safety & Toxicology Center,E. Lansing, MI 48824

Keywords, apple, mating disruption, codling moth, Cydia pomonella L., obliquebanded leafroller,
Choristoneura rosaceana (Harris), plum curculio, Conotrachelus nenuphar (Herbst) and apple
maggot, Rhagoletis pomonella (Walsh)

A program to implement economically viable integrated pest management practices and to
improve environmental sustainability in Michigan apple production by reducing reliance on broad-
spectrum pesticides was initiated in 1999. The project is supported by the Michigan Apple
Industry, The Pew Charitable Trusts, the Environmental Protection Agency, Gerber Products, the
Center for Agricultural Partnerships, and Michigan State University. The use of selective control
tactics is an information intensive management approach that requires significant time be spent in
the field with growers to provide training and to help reduce the risk from adopting a new system.
The project utilizes extensive industry, extension, and researcher support to conduct intensive

‘hands-on field training of growers, as well as the scouts, consultants, and input suppliers that have

traditionally worked with growers in making important management decisions. Emphasis is being
placed on improved pest monitoring as a decision making tool, moving growers away from pest
management decision making based predominantly on tree phenology. Economics of alternative
systems are being evaluated, and pesticide usage and residue on fruit are being measured and
recorded. -
Participation in the project for the 2000 growing season included 63 growers on 2835 acres
across five growing regions of the state. Sixty-one of the 63 growers used mating disruption
products plus selective insecticides to control key pests, including codling moth, leafrollers, and
oriental fruit moth. Two growers concentrated on reducing broad-spectrum pesticide usage with
improved scouting and selective insecticides alone. Selective chemistries effective at controlling
some key pests, such as apple maggot and plum curculio, are not yet in place.

Pre-harvest fruit injury samples at 43 farms, where both selective and comparison blocks
were sampled, indicated control of codling moth to be at similar levels for both blocks. Control of
leafroller was improved in selective insecticide plus mating disruption blocks when compared to

. blocks without mating disruption (Figure 1). Adoption of improved scouting protocols, and the

use of selective materials in the comparison blocks of second year project growers contributed
toward lowered internal and external fruit injury in those blocks when compared to the previous
year.

Michigan's humid, temperate climate necessitates numerous fungicide spray applications
throughout the season. Sprayable mating disruption products that can be tank mixed along with
fungicides are perceived as potentially labor saving, and therefore, potentially more cost effective.
Pre-harvest fruit injury samples at thirteen farms with viable comparison blocks showed improved
obliquebanded leafroller control in blocks using sprayable pheromone (Fig. 2).

To address grower concerns associated with the costs of pest management programs that
incorporate the use of mating disruption, an economic model has been developed that uses pre-
harvest fruit evaluations and pesticide application records to assess costs. (Fig. 3). Considerations
used to develop the economic model include: insecticide and miticide inputs, fruit pack-out
revenue (as impacted by management program), Michigan Department of Agriculture (MDA)
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averages for pounds of fruit produced/acre, and MDA average price received for fresh and
~ processed fruit.

Analysis of grower spray records for 2000 is ongoing. Where pest management programs
combined the use of mating disruption plus selective insecticides, organophosphate insecticide
applications were reduced 33.8%, compared to blocks without mating disruption.

Large-scale adoption, of alternative pest management systems is directly related to
documenting their effectiveness and economic viability. Economic analysis for both individual
growers and for different selective programs is ongoing. The project is funded to run through the
2001 growing season.

Michigan Apple IPM Project: 1999 Mean Fruit Injury
Selective vs. Comparison
Region # FARMS Codling Moth  Leaf Roller

Fruit Ridge 26 83 1.5 2.2 3.0
Southeast 8 1.0 05 15 1.9
Southwest 4 0.1 0.1 1.1 4.4
W. Central 5 0.2 06 1.6 6.2

Figure 1. Pre-harvest mean fruit injury at 43 farms participating
in the MI Apple IPM Project

Michigan Apple IPM Project: 1999 Mean Fruit Injury
Selective vs. Comparison
Leafroller Sprayable Pheromone (3M)

Region # FARMS % Leaf Roller Injury
Fruit Ridge -9 43 56
Southeast 1 0.0 0.0
Southwest 2 0.5 0.6
W. Central 1 6.0 9.0

Figure 2. Pre-harvest mean fruit injury at 13 farms using 3M
leafroller sprayable pheromone

Mean Costs/Acre For MD Programs 1999 & 2000***
Includes Cost of Pheromone Dispensers and Labor for Placement

1999 2000
Pheromone # Farms Selective Comparison #Farms Selective Comparison
C+ 10 $134.20 $132.00 9 $185.05 $184.02
CM/LR 7 $266.95 $241.00 8 $245.66  $254.49
OBLR MEC 8 $180.59 $205.95 8 $240.88 $288.89

**%2000 data is incomplete

Figure 3. Economic modeling of pest management program costs
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Brewster Dual Areawide Management Project—Third Year

S. D. Cockfield, (Okanogan Valley IPM, LLC, Brewster, WA)and A. L. Knight
(USDA-ARS, Wapato, WA)

The Brewster Dual Areawide Management Project (BDAM) is a group of 12
growers with approximately 500 acres of apples under mating disruption for OBLR. The
project was started in 1998 with growers applying OBLR and CM pheromone dispensers
at half rate. The project was first a demonstration of mating disruption, being part of the
CAMP site Brewster Areawide Management (BAM). However, the use of OBLR mating
disruption technology is still under development, so the project was also an opportunity
for discovery. BDAM represented one of the largest contignous acrages of OBLR mating
disruption tried. As with CM MD, one would expect OBLR MD to work better when
used in a large area with a relatively small outer edge.

As part of the management project, pheromone traps were checked regularly and
the information given to both growers and fieldmen. Bins were checked during harvest,
at least one per acre, for insect damaged fruit. Spray records were gathered, and data
were analyzed along with the data for 75 blocks under CM MD in the BAM project used
as a comparison. If the OBLR MD is effective, BDAM blocks should have less damage
or the growers should have used fewer insecticide sprays to achieve the same result.

In past years, fruit injury in BDAM was lower than in the control blocks. In
2000, the fruit injury was similar under both treatments. However, as in other years,
insecticide use was lower in BDAM than in comparison blocks. The spray records were
difficult to compare. BDAM growers used mostly Success while BAM growers used
mostly Bt.

The 3-year average reveals that BDAM growers used fewer insecticide sprays
than comparison growers. Specifically, BDAM growers used half the number of Bt
sprays. Also, over a period of three years, Fruit injury has reduced from a pre-treatment
level of 1.8% to 0.6% on average in BDAM. In comparison blocks, fruit injury has
changed little, from 1.4% in the pre-treatment year to 1.25% on average during the years
of the project.




implementation
REDUCING OP AND CARBAMATE USE IN NJ PEACH ORCHARDS

Peter W. Shearer, Atanas Atanassov, George Hamilton', and Dean Polk!
Rutgers Ag. Res. & Ext. Ctr., 121 Northville Rd. Bridgeton, NJ 08302-5919

Keywords: Oriental fruit moth, Grapholita molesta, tarnished plant bug, Lygus lineolaris, stink
bugs, catfacing damage, peach orchards, mating disruption, ground cover management, reduced
risk, conventional orchards, organophosphorus insecticides, carbamate insecticides

Objective: Investigate and demonstrate the potential for good ground cover management and
mating disruption to reduce insecticide use against key pest

This 2-year study was implemented at four different orchards. Three sites were located on
commercial farms and the fourth site at the Rutgers Agricultural Research and Extension Center,
Bridgeton, NJ. At each site, a block of peaches ranging from 4-18 acres was divided in half and
each half designated as ecither conventional (Conv.) or Reduced Risk Peach Arthropod
Management Program (RR). Conventional blocks of peaches were farmed using conventional
methods while the RR blocks contained managed sod drive rows and mating disruption. Sod
was established in the RR blocks to reduce catfacing insect abundance and damage by
eliminating flowering broadleaf weeds, which are important alternate host plants of these pests.
Mating disruption was initiated between the first and second flight of Oriental fruit moth (OFM)
and was used as a non-insecticidal control measure against this pest in the RR blocks.

Results

Fruit quality at harvest 18 the most meaningful indicator to growers regarding the success
of their control program. We collected harvest samples to assess and compare levels of insect
damage between the RR and conventional programs. We evaluated 600 fruit per block from
trees located in the orchard interior and along the orchard borders for a total of 4,800 fruit across
all blocks and treatments. Fruit damage caused by Oriental fruit moth was less than one percent
and not significantly different from conventional sites. This indicates that mating disruption
provided contro] that was equivalent to conventional grower practices (Table 1). We observed
less catfacing damaged fruit in RR blocks in 1999, which is attributed to the clean sod and drive
rows that were not attractive to catfacing insects. In 2000, there weren't significant differences in
catfacing damaged fruit. In 1999, we were surprised to find more stem-end lacewing pupae in
the conventionally managed. This seems contrary to what was observed during the visual surveys
conducted for beneficial insects during the growing season. However, in 2000, there weren’t
statistical differences in stem-end lacewing pupae between conventional orchards and RR
orchards although their abundance increased considerably between the first year and 2* years.

We received the spray records from our grower-cooperators and determined the number

of sprays and amount of product applied to each of the two treatments. Results showed that the
growers applied 3.7-4.7 fewer organophosphorus and carbamate insecticide sprays and 2.0-4.2
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times less a.i./acre in Reduced Risk orchards compared with conventionally farmed orchards
(Table 2). The reduction in OP and carbamate sprays used in the RR blocks can have significant
impact on several factors including less insecticide exposure to the environment and workers and
reduced spray bills, while minimizing disruption of natural enemies which can serve as
biological control agents of secondary pests.

Table 1. Percent damaged fruit collected from orchards managed with different pest
management practices.

Catfacing insects - Orental fruit moth Lacewing pupae
Program 1999 2000 1999 2000 1999 2000

Reduced 0.8+03b 34+3ns 02=01ns 0.7*06ns 24+05b 74:+2ns
Risk

Conv. 16+x04a 39+3 02+0.1 0.1+£0.1 42+£07a 89+4

Means in the same column followed by different letters are significantly different (P<0.05);
ns=not significantly different.

Table 2. Organophosphorus and carbamate use in Reduced Risk and
conventional program orchards.

Number of applications + SEM Amount (1bs a.i./acre) = SEM

Program 1999 2000 1999 2000
Reduced Risk 28+£030b 1.9x04b 2.0+x0.4b 12+£020b
Conventional 6.5+05a  66=+1.0a 39+1.1a 50+1.0a

Means in the same column followed by different letters are significantly different (P<0.05)
Conclusions

OFM mating disruption gave at least 4 months of non-insecticidal control of this major
pest while using 3.7 - 4.7 fewer organophosporus and carbamate insecticide sprays and 2.0 - 4.2
times less organophosporus and carbamate insecticides (lbs a.i./acre) than applied to
conventional blocks during 1999 and 2000, respectively.

There was less catfacing damage fruit in orchards with managed sod compared with fruit
grown in weedy conventional orchards. The reduction in catfacing damage is attributed to the
lack of “preferred” alternate weed host plants and catfacing insects in managed sod blocks when
compared to the amount of weeds and catfacing insects found in conventional orchards.

"Rutgers Cooperative Extension; New Jersey Agricultural Experiment Station
88 Lipman Drnive, New Brunswick, New Jersey 08901-8525
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Implementation #1

MANAGEMENT OF THE OBLIQUEBANDED LEAFROLLER AND
ORGANOPHOSPHATE INSECTICIDE RESISTANCE WITH SOFT PESTICIDES IN NEW
YORK APPLE ORCHARDS

H. Reissig, A. Agnello, J. Nyrop, and R. Straub Department of Entomology, NYSAES
Geneva, NY 14456

Keywords: Obliquebanded leafroller, Choristoneura rosaceana, Spintor, Spinosad, Bacillus
thuringiensis, Dipel DF, Imidicloprid, Provado, azinphosmethyl, Guthion, chlorpyrifos, Lorsban,
insecticide resistance management.

The 2000 growing season marks the completion of the second year of a proposed three-year
research project with the following objectives: (1) To determine if populations and fruit damage
from OBLR will decline in commercial orchards treated with soft pesticides for several
consecutive seasons because of the effects of natural enemies (parasitoids and predators). (2) To
determine if resistance levels of OBLR to organophosphates and other classes of conventional
pesticides will decline during 2-3 growing seasons in plots set up in commercial apple orchards
treated entirely with soft pesticides. Plots, ranging in size from 4-30A, were set up initially in
1999 in 5 commercial orchards in Wayne and Orleans Co., and in a research orchard at Geneva.
A grower’s standard plot of similar apple cultivars and tree training systems, which was treated
with a normal, organophosphate based insecticide program was used as a comparison for the
“soft” insecticide plots on each farm. Colonies were collected from 4 of the 5 commercial
orchards during early spring prior to the beginning of the first and second season of the project
and laboratory bioassays were conducted to compare the susceptibility of each population to two
organophosphates commonly used in NY orchards, Guthion and Lorsban. Treatments of soft
pesticides were continued in the research plots during the second year of the program (2000)
throughout the season.

The susceptibility of overwintering OBLR larvae to Guthion and Lorsban were compared in
laboratory bioassays in the initial year of the project (1999) and the second year of the study
(2000). The resistance ratios for Guthion were lower in both the soft pesticide blocks and in the
standard commercial orchard during the 2000 growing season than in 1999, but the resistance
ratios for Lorsban in the commercial orchard and soft pesticide blocks did not change greatly
from the 1999 to the 2000 growing season. These results suggest that organophosphate
resistance is fairly stable in populations of OBLR in NY apple orchards, and multiple seasons of
reduced selection pressure may be necessary before resistance levels substantially decline.

The total amount of OBLR damage was considerably lower in all of the soft pesticide blocks
than in the standard comparison plots during the 2000 growing season (Fig. 1). The average total
damage at the end of the season was less than 2.0% in most of the “soft insecticide” blocks. The
overall percentages of clean fruit in the “soft insecticide” blocks were similar at harvest to those
in the comparison blocks (Fig. 2). However, plum curculio damage was observed in several of
“soft” blocks, particularly near the borders next to woods. The general levels of curculio damage
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in these “soft” programs was higher at the end of the 2000 season than in the initial year of the
trial. No damage from internal lepidoptera or apple maggot was observed in either the standard
of “soft” plots. Populations of foliar pests such as mites, aphids, leafhoppers, and spotted
tentiform leafminers were low throughout the season in the “soft” blocks.

Fig. 1. Comparison of total OBLR damage in standard and “soft insecticide” plots during the

2000 growing season. .
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Fig. 2. Comparison of percentages of clean fruit in standard and “soft insecticide” plots during
the 2000 growing season.
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Table 6a: 2000 LAKE COUNTY PUFFER PROJECT - Weekly 1XL Trap Catch Summary

{(Blank areas indicate zeros)
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2000 LAKE COUNTY PUFFER PROJECT
Oblique-Banded Leafroller Damage

August 7 -September 1, 2000, 1855 - 2421 °D
Bin Fruit Samples - %/1000

Table 5b
PROJECT YEAR/IBLOCK 1st pick 2nd pick TOTAL
FIRST YEAR ORCHARDS
Colwell 1.3 - 1.3
Y/Stage * - >
M/Twenty (%/1200) 0.3 - 0.3
EAT. 0.3 - 0.3
Rohner Home 0.2 - 0.2
Old Rickabaugh 0.0 - 0.0
Lone Pine - 2 sections
East neck 0.8 - 0.8
Main block 2.4 - 2.4
M/Brown 1.1 - 1.1
Murphy (%/2000) 1.5 - 1.5
Young East 0.3 - 0.3
Quercus 20 1.4 - 1.4
Wide (%/2000) 0.2 0.0 0.1
Neck (%/2000) 0.4 0.6 0.5
Gaddy 1.1 - 1.1
BP Gaddy 1.4 - 1.4
Manning 9.2 - 9.2
—AVERAGE FIRST YEAR T4 0.3 1.4
SECOND YEAR OCRCHARDS
Hedgerow 0.2 - 0.2
Renfro 0.4 - 0.4
Pardee-Lake 08 - 0.9
Morrison 0.4 - 0.4
Akins 6.0 - 6.0
Pardee-home 05 - 0.5
S/Stage (%/2000) 0.2 - 0.2
30 Acres 0.4 - 0.4
K-48 0.0 - 0.0
Cole 0.1 - 0.1
R/Brown 0.3 - 0.3
Young West 0.3 - 0.3
Sixty 0.1 - 01
Fourteen 0.3 - 0.3
Trailers 0.0 - 0.0
Triangle 0.8 - 0.8
- AVERAGE SECOND YEAR 0.7 - 0.7
} FIFTH YEAR ORCHARDS
‘ SiTimothy (%/1200) 0.8 - 0.8
| M/Timothy (%/1200) 0.3 - 0.3
Sanderson 0.4 - .4
Cookson 0.1 - 0.1
Eutenier (%/1200) 2.9 - 2.9
AVERAGE FIFTH YEAR 0.8 - 0.5

**bin sample not reliable { pears were présoried before project leam could sample)
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2. Implementation

AREAWIDE CONTROL OF CODLING MOTH USING THE PARAMOUNT AEROSOL
PHEROMONE DISPENSER® (SHOREY “PUFFER”) IN LAKE COUNTY, CALIFORNIA 1996-2000

Rachel Elkins, Pomology Farm Advisor
University of California Cooperative Extension
883 Lakeport Blvd.; Lakeport, CA 95453

Keywords: Codling moth (Cydia pomonella), European pear, mating disruption, aerosol pheromone
dispenser technology

The Paramount Aerosol Pheromone Dispenser®, originally developed by Dr. Harry Shorey as the
“puffer”, was utilized to dispense codling moth (CM) (Cydia pomonella) pheromone in pear orchards on
an areawide basis in Kelseyville, Lake County, California from 1996 to 2000. It was also utilized on 360
acres of pears in Potter Valley, Mendocino County in 1999, without any use of organophosphate (OP).
Initial acreage in Lake County was 160 (five orchards), increasing to 500 in 1999 (16 orchards) and 820
in 2000 (37 orchards). Initial application rate was 1.6 units per acre, which decreased to 1.3 in 1999 and

1.1 in 2000. Units were placed approximately 21.7 meters (65°) apart around the perimeter with
deference to upwind and high-pressure locations. A lesser number of units were also placed across the
upwind interior of the area to ensure coverage. Data was collected from each orchard and included trap
catches (1 mg. low, ! mg. high, and 10 mg. high traps), egg samples prior to each potential cover spray
window and damage counts for each generation (iree, bin, and post-harvest). Data from puffer treated
blocks was compared to that from a standard OP treated block and several untreated control sites upwind
of the pheromone treated area.

Data from 1996-2000 shows that the puffer successfully controiled CM in treated orchards
compared to untreated controls and compared favorably with control using several applications of OP’s.
Overall damage in 2000 (a high pressure CM season) in the 37 puffer treated blocks was 0.15% versus
0.1% in the OP treated control and 47.9% in untreated controls. Virtually all damage occurred in first
year, upwind blocks and mainly in rows bordered by either a) large open pace or vineyard, b) less
effective mating disruption programs, or c) in close proximity to backyard apple trees. Damage also
occurred in proximity to a previously untreated control site that had built up a high population, and along
riparian corridors. Damage was reduced ten-fold in second year orchards and was zero in fifth year
orchards, despite a compiete lack of OP sprays for several years (Figure 1).

Oblique-banded leafroller has been the major secondary pest. Damage is most severe in orchards
lacking a pre-bloom chlorpyrifos (Lorsban®) application. BT applied once or twice during the season has
assisted in reducing final damage. Other secondary pests, such as stink bugs and San Jose scale, are very
localized and have failed to thus far increase appreciably. Early-season thrips damage is noticeable some
years, though not economic. Pear psylia and spider mite damage was minimal in long-term puffer treated
blocks in 2000, eliminating the need for a post-harvest treatment.

Data from 1996-2000 shows that CM damage decreases the longer an orchard is under disruption.
No second to fifth year blocks were treated with an OP for CM in 2000, while first year blocks were
treated from 0-3 times, depending on CM pressure. This contrasts with the initial project years (1996-
1998) when two to three OP treatments were applied (Figure 2).

Results from 1996-2000 have led to increased interest in the puffer system. The projected
areawide project acreage will increase to 1,360 acres in 2001.
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Figure 1. Average 2nd Generation CM Damage
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Implementation

A SYSTEMS APPROACH ALTERNATIVE TO METHYL BROMIDE FUMIGATION
FOR THE EXPORT OF APRICOTS, NECTARINES AND PEACHES
TO BRITISH COLUMBIA, CANADA.

Michael J. Willett
Northwest Horticultural Council, 6 S. 2™ St., Room 600, Yakima, WA 98901

Keywords: methyl bromide, oriental fruit moth, Grapholita molesta, system approach, British
Columbia, apricot, nectarine , peach

Introduction. Postharvest fumigation with methyl bromide (MeBr) is a commonly used
treatment to provide security against the movement of quarantine pests when exporting
agricultural products. However, MeBr has been implicated as a ozone-depleting substance.
Under terms of the Montreal Protocol postharvest commodity treatment uses will be retained in
some form. Until its amendment in the 105™ Congress, the U.S. Clean Air Act was even more
restrictive, eliminating all uses of methyl bromide by 2005. MeBr restrictions under the amended
Clean Air Act are in line with current Montreal Protocol requirements regarding postharvest use
of the product.

For soft fruit growers in the Pacific Northwest, British Columbia, Canada is an important
market. In 2000, for peaches alone, British Columbia was the third largest export market
following Taiwan and the province of Alberta. Based on official survey information, a key stone
fruit pest, Oriental fruit moth {Grapholita molesta Busck) (OFM), does not exist in British
Columbia. This msect 1s found in the Northwest states of Idaho, Oregon and Washington as well
as California. Prior to 1999, all soft fruit exported to British Columbia was required to be
fumigated with MeBr.

In spite of its relative importance, the absolute size of the British Columbia market
precludes Northwest growers from making unjustifiable investments in sophisticated fumigation
and cooling facilities. Fruit kept at lower pulp temperatures must be fumigated with higher rates
of MeBr, risking phytotoxicity, or, if warmed for fumigation at lower MeBr rates, risking
product quality deterioration unless rapidly cooled immediately after fumigation. Northwest soft
fruit shippers would prefer not to fumigate.

In 1998, the Canadian Food Inspection Service (CFIA) approached USDA’s Animal and

Plant Health Inspection Service (APHIS) seeking to determine if the U.S. would be interested in

developing an alternative to fumigation of soft fruit exported to British Columbia. This request

was driven by that region’s retail produce industry concerns about the loss of soft fruit supplies

should postharvest quarantine uses of MeBr be eliminated in the U.S. On behalf of its

potentially affected industries, APHIS responded positively. The Northwest Horticultural

Council represented the Northwest industry in developing a protocol, assisted by a subcommittee

~of the industry’s growers and shippers.
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A Systems Approach as an Alternative. No direct treatment alternative to MeBr that
wolld provide quarantine security for OFM has been shown to be effective for use on soft fruit.
However, in 1997 the California stone fruit industry developed a systems approach alternative to
MeBr fumigation for the export of peaches to Mexico. Again the pest of quarantine concern is
OFM. Since 1997, APHIS has operated a pilot program, qualifying a percentage of their
shipments to Mexico. The balance is fumigated.

Systems approaches integrate biological, physical, and operational factors that can affect
the incidence, viability and reproductive potential of a pest into a system of practices and
procedures that together provide quarantine security. Because an approach such as this requires
two or more components to provide quarantine security, systems approaches can be more
difficult to manage and costly. On June 26, 1999 CFIA approved an OFM certification pilot
program for the states of Idaho and Washington based on the Mexico systems approach concept.
A separate program with slightly different requirements was approved for California. Nineteen
loads a week were approved for all three states.

The specific components of the Pacific Northwest OFM systems approach are:

¢ Low prevalence of OFM in production areas

¢ Orchard monitoring for OFM.

e Control in the orchard: Mating disruption or insecticides.

» Recordkeeping: Monitoring and treatment records.

» Fruit inspection in the orchard, from the cuil bin and from packed boxes.

e Inspection upon arrival in British Columbia

1999-2000 Results and Considerations for 2001. Approximately 15 loads of soft fruit
from the state of Washington were shipped to British Columbia from July through September
1999. No quarantine pests were detected in any load. Insects detected were peach twig borer
and leafrollers. Most exports to British Columbia were fumigated. Preliminary indications are
that this volume has increased substantially this past year. In 2000 one live and one dead OFM
larvae were reportedly detected in two separate shipments late in the season. Specific work plan
issues which would improve system approach implementation are: reducing the amount of fruit
cut from the orchard and cull bin; eliminating the shipment quota; and including plums and
prunes in the work plan.
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Biological Control

EFFECT OF KAOLIN (SURROUND) ON WESTERN TENTIFORM LEAFMINER
AND ITS PRINCIPAL PARASITOID, PNIGALIO FLAVIPES

Andy Kahn, Travis Schoenwald and Betsy Beers
Northwest IPM Inc., 322 Sunnyslope Hts, Wenatchee, WA 98801

Keywords: Surround, kaolin, western tentiform leafminer, Phyllonorycter elmaella, Prigalio
flavipes

Surround particle film (kaolin), is being tested extensively in Washington pome fruits for
pest suppression and sunburn protection. This test was primarily for sunburn, but was modified
to address concerns regarding the effect of Surround on leafminer parasitoid (Prigalio flavipes)
activity. Reports from previous field tests indicated that parasitism of leafminers was suppressed
where Surround was used, even though there was some direct suppression of leafminer
populations also. The current study was a test of a strategy to minimize the impact of Surround
on P. flavipes by delaying the first application in the first and second leafminer generations until
the P. flavipes was protected inside the mines.

This test was performed in a 24-yr-old commercial ‘Granny Smith’/M.26 apple orchard
near Orondo, WA. The experimental design was a RCB with 5 treatments and 4 replicate
blocks, with each block ca. 0.8 acres. Pesticide applications were made by the grower using
airblast equipment. Surround WP was applied at a rate of 50 Ib/acre in 200 gpa (with the
exception of the 15 June application, 62.5 Ib in 250 gpa). The treatments were 1) full season [6
applications, petal fall to late June}; 2) early season [4 applications, petal fall to early June]; 3)
late season [3 applications, mid-June to late July]; 4) delayed early [4 applications, late May
{during peak tissue feeder stage} to mid-July]; and 5) untreated check (no sunburn control, and
no leafminer control except late-season oil applications). Codling moth were controlled with
mating disruption supplemental border sprays of azinphosmethyl. Carzol was applied during
bloom for western flower thrips, and Provado was applied in mid-August to two of the
treatments (early season and untreated check) to control white apple leafhopper.

Leafminer and parasitoid samples were taken once during each of the first three
generations, when the generation was nearly complete. Population density was estimated by a 5-
min search (1st gen) or by counting the mines on a 50-leaf (2" gen.) or 25-leaf sample (3" gen.).
Parasitism was estimated by opening 50 mines, and counting the numbers that were parasitized
or “host-fed” (included dead leafminers but no parasitoid was present).

While not definitive, this test provides some preliminary evidence for suppression of
leafminer parasitoid activity by Surround (Table 1). There also appears to be suppression of
leafminer populations, but the net effect by the end of the season (3™ generation) was a higher
leafminer density in the Surround plots than in the check. There is also very preliminary
evidence for repellency of female parasitoids suppressing host feeding (versus host masking, or
the inability to find larvae to parasitize) as the primary mechanism of interference.
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Table 1. Leafminer population densities and parasitism status, Auvil orchard, 2000

Gen. 1 Gen. 2 Gen. 3
Mines/5 min Mines/leaf Mines/leaf .
Treatment 8-Jun 19-Jul 1-Sep
Full Season Surround 30.8 ab 210a - 7.95a .
Early Season Surround 22.3b 241 a 7.75a
Late Season Surround 448 a 1.83 a 535b
Delayed Early Surround 33.8ab 237a 6.11 ab
Check 36.5ab . 1.63 a 4710

% Parasitism

Treatment 8-Jun : 19-Jul 1-Sep
Full Season Surround 8.0b 8.0a 45.0a
Early Season Surround 8.0b 125a 42.5a
Late Season Surround 15.0ab 11.5a 375a
Delayed Early Surround 13.0ab 11.0a 365a
Check 245a 170 a 36.0a

% Host-fed mines

Treatment 8-Jun® 19-Jul 1-Sep
Full Season Surround 00a 45b 155 ab
Early Season Surround 00a 10.5b 15.5ab
Late Season Surround 052 45b 95b
Delayed Early Surround 1.0a 6.5b 10.5b
Check 25a 33.0a 230a

Total % mortality

Treatment 8-Jun 19-Jul 1-Sep

Full Season Surround 8.0b 125b 60.5a ,
Early Season Surround 8.0b 23.0Db 58.0a

Late Season Surround 15.5 ab 160b 47.0a

Delayed Early Surround 14.0 ab 175b 470a .
Check 27.0a 500a 59.0a
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Biological Control

IDENTIFICATION OF PARASITOIDS OF THE CONSPERSE STINK BUG IN NORTH-
CENTRAL WASHINGTON, AND ATTRACTION TO HOST-PRODUCED
AGGREGATION PHEROMONE

Christian H. Krupke and Jay F. Brunner

Department of Entomology
Washington State University
WSU Tree Fruit Research and Extension Center
1100 North Western Ave.
Wenatchee, WA 98801

INTRODUCTION

Management of the consperse stink bug, Euschistus conspersus, an emerging pest in
many Washington orchards, has primarily been attempted using broadcast applications of
insecticide to border vegetation and/or the orchard itself. A lack of information about the life
history and habits of this pest, including its natural enemies, mean that there are no management
alternatives for growers. Research was undertaken in 2000 to quantify the impact of natural
enemies upon populations of the consperse stink bug in typical orchard situations. This
information is useful in targeting sprays to maximize impact upon the target pest, while
minimizing destruction of beneficial parasitoids and predator populations. We also examined the
response of the 2 major groups of parasitoids (tachinids and scelionids) to stink bug pheromone
lures in the field to determine whether this was used as a host-finding kairomone by these
insects, as has been reported by other researchers for other stink bug/parasitoid systems in other
parts of the world.

METHODS AND MATERIALS

Identification/abundance of parasites - adults: Adult bugs were collected from a variety of
orchards in early spring, immediately after overwintering. Bugs were held in isolation and
supplied with food. Bugs were monitored daily for emergence of parasitoids. Emerged parasites
(maggots) were allowed to pupate in soil and preserved and identified upon emergence.

" Parasitism rates were recorded as well.

Identification/abundance of parasites — eggs: Consperse stink bug eggs were collected daily from
colony at WSU-TFREC. Fresh eggs were cut out from the mullein leaves upon which they were
laid in colony and the entire section of leaf glued to paper tabs to preserve any volatile or tactile
cues used by the parasites. Tabs were stapled to the undersides of mullein leaves on orchard
borders. Eggs were collected every 7 days and replaced. Collected eggs were evaluated in lab
for parasitism and predation. Parasites were reared in lab, preserved and identified. This
procedure was continued for approximately 7 weeks to coincide with the duration of the stink
bug mating and oviposition in central Washington.
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Attraction to host-produced volatile — tachinids: Bucket traps were baited with the stink bug
primary sex pheromone component methyl 2,4-decadienoate and placed in a variety of orchard
borders and paired with unbaited control traps. Trap locations were randomized, and lures
rotated throughout the experiment. Traps were checked weekly for the presence of tachinid
parasites. Parasites were preserved and identified.

Attraction to host-produced volatile — egg parasites: Similar to the protocols outlined above, with
egg masses placed on mullein plants either baited with pheromone or unbaited control plants.

RESULTS AND DISCUSSION

Identification/abundance of parasites-adults: Parasitism rates were very low (<2%) in all
areas surveyed (approx. 500 adult bugs). Two tachinid parasites were identified: Gymnochtia
occidentalis and Gymnosoma filiola.

Identification/abundance of parasites-eggs: Parasitism rates peaked near 10%, with
predation forming the major source of mortality for stink bug egg masses in the field (Fig. 1).
Predators noted at egg masses included ants, earwigs, and other hemipterans including adult E.
conspersus cannibalizing eggs. Two scelionid wasp parasites were identified from parasitized
egg masses: Trissolcus utahensis and Telenomus podisi, with the former representing over 95%
of the parasites identified. It is likely that these parasitism rates (tachinids and scelionids)
increase greatly in areas not impacted heavily with pesticide, and this will be investigated in
2001. '

Attraction to host-produced volatiles-tachinids: Tachinids of both species were highly
attracted to stink bug aggregation pheromone component baited bucket traps (Fig.2), and appear
to use this compound as a host-finding kairomone.

Attraction to host-produced volatiles-egg parasites: There were no statistical differences

between baited and unbaited sentinel egg mass parasitism. It appears that the parasitoids we
collected do not use this particular compound as a host-finding kairomone.
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Figure 1. Parasitism and predation rates upon sentinel egg masses of £. conspersus placed on
mullein along orchard borders (n=80)

Baited Unbaited

Figure 2. Capture of adult tachinid parasites of E. conspersus in bucket traps baited with the
primary pheromone component methyl 2,4-decadienoate, compared with unbaited traps. (n=70)
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Biological Control

USE OF INSECT PATHOGENS FOR CONTROL OF CODLING MOTH
AND OTHER LEPIDOPTERAN PESTS OF APPLE IN THE PACIFIC NORTHWEST OF
THE UNITED STATES.

Lawrence. A. Lacey and Thomas. R. Unruh, Yakima Agricultural Research Laboratory
USDA-ARS, Wapato, WA 98951

Keywords: insect pathology, microbial control, entomopathogenic nematodes, Steinernema spp.,
Bacillus thuringiensis, apple, granulovirus, codling moth, leafrollers

Control of insect pests of apple in North America has traditionally been accomplished using
conventional chemical pesticides. Cedling moth (CM), the primary pest insect of apple in the
Pacific Northwest of the USA, has routinely been controlled with organophosphate insecticides.
However, the use of conventional insecticides will be severely reduced in the near future due to
implementation of the Food Quality Protection Act. Alternative interventions, such as the use of
CM sex pheromone to disrupt mating (MD), will require low population densities of the moth in
order to be effective. The use of microbial control agents could reduce CM population densities
and complement MD while conserving beneficial insects. For the most part, microbial control of
fruit tree pest insects has been underutilized. The combination of MD with the CM granulovirus
(CpGV) and entomopathogenic nematodes (EPNs) offers promise for effective control of CM.
The potential of CpGV for control of neonate larvae has been demonstrated by numerous
researchers (Cross et al 1999), but the virus has not been routinely used in the USA. Overcoming
problems associated with UV sensitivity will increase the attractiveness of CpGV to growers. The
potential of EPNs for control of prepupal stages of CM has been elucidated by several authors
(Kaya et al., 1984; Lacey and Chauvin, 1999; Lacey et al., 2000), but implementation in orchards
will depend on keeping nematodes moist for six or more hours after application (Lacey et al.
2000).

One consequence of the MD strategy has been the release of some secondary pests such as
leafrollers that were incidentally controlled with conventional insecticides used for CM control.
Bacillus thuringiensis, is regularly used in the Pacific Northwest for control of leafrollers,
. principally Pandemis pyrusana and Choristoneura rosaceana. The residual activity of Bt is
relatively short necessitating reapplication. The recent discovery of a granulovirus in P. pyrusana
(R. Pfannenstiel, unpub.) and a nucleopolyhedrovirus C. rosaceana will provide additional
microbial options for control of these pests.
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3. Biological Control

PARASITISM OF OBLIQUEBANDED LEAFROLLER, CHORISTONEURA
ROSACEANA (HARRIS) (LEPIDOPTERA: TORTRICIDAE), IN MICHIGAN APPLE
ORCHARDS.

Tammy K. Wells-Wilkinson® Douglas A. Landis' Larry J. Gut' William C. Kaufman®

"Department of Entomology and Center for Integrated Plant Systems, Michigan State University,
East Lansing MI, 48824

*United States Department of Agriculture, Animal Plant Health Protection, Niles Plant Protection
Center, 2534 South 11™ Street, Niles MI, 49120

Key words: Obliquebanded leafroller, Bassus dimidiator, Colpoclypeus florus, Apple, Michigan
Introduction

The obliquebanded leafroller (OBLR), Choristoneura rosaceana (Harris), is an economically
important pest in Michigan apple production, damaging both foliage and fruit. OBLR’s
resistance to organophosphate insecticides has prompted the need for alternate methods of
control for this pest. Biological control by parasitoids in the orchard ecosystem is an option
currently being evaluated.

Methods

Five apple orchards in the South West and Fruit Ridge/Belding regions of Michigan were
surveyed in 1999 and 2000. OBLR were collected during a timed sample from an average of two
blocks per orchards. Blocks varied in the variety of apple and in the type of treatment they were
receiving for insect control (pheromones, insect growth regulators, and conventional insecticide).

Each orchard was sampled once a week. Length of time spent searching for OBLR depended on
the abundance of insects within a block. A fixed sample time of 2 total person-hours per block
was used. Sampling in a block was discontinued after 10 minutes if the rate of larval collection
indicated that the minimum sample size of 11 larvae/block would not be achieved during the
sampling period. OBLR larvae were reared in the laboratory on artificial diet at 25° C and
16L:8D until the emergence of an adult OBLR or parasitoid.

Results

Percent parasitism increased from the overwintering to first generations in both the
Southwest (16% to 26%), and Fruit Ridge/Belding regions (5% to 20%) during 1999. A similar
pattern was observed during 2000 with percent parasitism increasing from the overwintering to
first generations in both the Southwest (3% to 21%), and Fruit Ridge/Belding regions (26% to
37%).

The Braconid parasitoid, Bassus dimidiator and two species of Tachinidae were the
predominant parasitoids, frequently comprising more than 50% of the total parasitism, in both
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generations for 1999 and 2000. The Eunlophid parasitoid, Colpoclypeus florus absent from the
overwintering generation, parasitized first generation OBLR in both regions of the state, with
percent composition increasing from less than 5% in 1999 to more than 10% in 2000. Parasitoids
making up less than 5% of the parasitoid complex are yet to be identified but likely represent
eight additional species. An unidentified Braconid (subfamily Ichneutinae), was prevalent during
the overwintering generation in both regions of Michigan in 1999, but was either absent or
comprised less than 5% of the total parasitism in subsequent surveys.

Discussion

Future focus will be centered on the potential of Bassus dimidiator as an effective
biological control agent of OBLR in Michigan apple orchards. While B. dimidiator is reported to
parasitize the eye-spotted bud moth, Spilonota ocellana, it has not previously been reported from
OBLR. Bassus dimidiator is an endoparasitoid and is thought to be a holoarctic species. Dondale
(1954) reports that B. dimidiator attacks second to third instar eye-spotted bud moth larvae,
which 1s consistent with our observations for OBLR.

The presence of Colpoclypeus florus in the Midwest was previously undetected until the
1999 OBLR parasitoid survey. C. florus is a European species that was introduced into Canada,
and has become well established and a major mortality factor of Lepidopteran pests in orchards
on the West Coast of the United States. C. florus in Michigan apple orchards will continue to be
monitored for increased levels of parasitism.
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BIOLOGICAL PEAR PSYLLA CONTROL IN ORCHARDS TREATED WITH MATING
DISRUPTION AND ORGANOPHOSPHATE INSECTICIDES

H. Riedl
Mid-Columbia Agricultural Research & Extension Center, Oregon State University,
3005 Experiment Station Drive, Hood River, OR 97031; helmut.riedl@orst.edu

Key words: pear psylla, Psylla pyricola, codling moth, Cydia pomonella, biological control,
mating disruption, azinphosmethyl, Guthion, phosmet, Imidan

Mating disruption with slow-release pheromone dispensers is used by an increasing number
of pear growers in the western United States for control of codling moth. One advantage of
this new control method is its selectivity to natural enemies. However, costs of mating
disruption are high. Experience has shown that applying reduced rates of pheromone
dispensers supplemented by one or two insecticide sprays can reduce costs without
sacrificing control. In the absence of registered selective insecticides (e.g., IGRs) for codling
moth control, pear growers have been using organophosphate insecticides such as
azinphosmethy! (Guthion) and phosmet (Imidan) as supplemental sprays. Another reason
why growers include a broad-spectrum spray is to reduce the risk of damage from secondary
pests. Although organophosphate insecticides are used sparingly in these programs, their

. broad-spectrum activity potentially disrupts biological control of pear psylla and other pests
thus compromising the selectivity of the overall pest management program. Field studies
were conducted to determine by how much phosmet rates must be reduced to achieve
selectivity while still providing supplemental control of key pests (codling moth). Different
rates of phosmet were applied to pear orchards under mating disruption to evaluate impact on
natural enemy activity, pear psylla and other pests. The response of different natural enemy
groups to OP (phosmet, azinphosmethyl) sprays was evaluated in a separate field experiment.
The recently registered selective insecticides pyriproxyfen (Esteem), tebufenozide (Confirm),
and methoxyfenozide (Intrepid) are potential OP replacements to supplement mating
disruption for codling moth control without interfering with the biological control of pear
psylla and other secondary pests.
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4. Chemical Control/ New Products

CONTROL OF CODLING MOTH WITH NICOTINOID, PYRETHRIOD AMD REDUCED
RISK INSECTICIDES IN PEARS

R. A. Van Steenwyk
Dept. of E.S.P.M.
University of California
Berkeley, CA 94720

Keywords: Actara, thiamethoxam, Assail, acetamiprid, Calypso, thiacloprid, Avaunt, indoxacarb,
Baythroid, cyfluthrin, Panitol, fenpropanate, Omni Supreme oil, Imidan, phosmet, Guthion,
azinphos-methyl, Agri-Mek, abamectin, codling moth, Cydia pomonella, pear psylla, Cacopsylla
pyricola, twospotted spider mite, Tetranychus urticae, pear, chemical control, insecticide

Methods and Materials — The study was conducted on mature 'Bartlett’ pear trees in a
commercial orchard planted on a 25 fi. x 25 ft. spacing (70 tree/acre) near Fairfield, CA. Fifteen
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 250 psi and
delivering 200 pga of finished spray (2.87 galtree). Application timings were based on degree-
days (DD). DD were calculated with a 31 Mar biofix for the first generation and a 13 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. Maximum and minimum air temperatures were obtained
from the IMPACT weather station near Cordelia, CA. Codling moth (CM) flight activity was
monitored with a pheromone trap laced high in the tree canopy. The target application timings
were: Avaunt with and without Omni Supreme oil (Tr. 1 & 2), Calypso and Assail at 200 and
600 DD from the 1t biofix and 200 DD from the 2™ biofix; Avaunt (Tr. 3), Baythroid, Danitol,
and Omni Supreme oil at 250 and 650 DD from the 1% biofix and 250 DD from the 2™ biofix; the
low rate of Calypso at 100 DD and at two weeks and four weeks after 100 DD from the 1% biofix
and 100 DD after the 2™ biofix. The grower standard was Imidan at 250 DD from the 1% biofix
and Guthion at 650 DD from the 1¥ biofix and 250 DD from the 2™ biofix. Actara and Agri-
Mek combined with Omni Supreme oil were applied at 200 DD from the 1% biofix and then
followed by the grower standard. Control of the first CM generation (overwintering flight)
was evaluated on 7 Jun and control of the second generation (summer flight) was evaluated at
commercial harvest on 31 Jul for CM infestation by inspecting a maximum of 250 fruit per
replicate. Control of motile twospotted spider mites (TSSM) and pear psylla (PP) nymphs was
evaluated weekly from § May through 24 Jul by sampling 10 exterior and 10 interior leaves per
replicate. The leaves were brushed and the motile TSSM and PP nymphs were counted under
magnification (20X).

Results and Discussion: This trial was conducted against a very high CM population with over
80% of the fruit infested at harvest in the untreated control. The grower standard, the grower
standard plus Actara or Agri-Mek, and the high rate of Assail provided the best CM control.
Avaunt, Calypso and Assail are promising new materials for CM, TSSM and PP control. No
phytotoxicity was observed with any experimental treatment.
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Table 1. Mean Percent CM Infested Fruit at First Generation and Commercial Harvest and Mean
Number of TSSM and PP per 20 Leaves in Fairfield, CA — 2000

Rate No. Percent infested fruit Total per 20 Ieaves
Treatment/formulation Ib (AlYacre Apn. 1% Gen Harvest TSSM PP
Avaunt 30WG* 0.11 3 0.5abc 8.8abc 3.6a 14.5ab
Avaunt 30WG 0.11 3 0.7bc 13.8 ¢ 3.6a 16.1ab
Avaunt 30WG 0.11 3 1.0c 14.2¢ 15.4abc  30.8cd
Calypso 4SC 0.096 4 0.0a 6.7abc 7.0a 11.4ab
Calypso 4SC 0.125 3 0.7bc 7.9abc 12.2ab 10.4ab
Assail 70WP 0.1 3 0.2ab 5.7ab 19.6abcd 5.7a
Assail 7T0WP 0.125 3 0.0a 3.7ab 28 dabcd  8.2a
Baythroid 2EC 0.022 3 0.3abc 14.1¢ 542cde  35.3d
Baythroid 2EC 0.022 3 0.8bc 13.5¢ 51.0bcde 35.5d
Danitol 2.4EC 0.4 3 0.2ab i1.1be 03a 16.5 ab
Actara 25WGP 0.086 1 0.1ab 2.4a 59.0de  23.2bcd
Imidan 70 W* 4.2 1
Guthion 50WP 1.5 2
Agri-Mek 0.15EC? 0.012 1 0.0a 3.2a 1.4a 17.1ab
Imidan 70 W* 4.2 1 -
Guthion S0WP 1.5 2
Omm Supreme 1.0% 3 0.8bc 41.8d 3.6a 21.4bc
oil by vol.
Imidan 70 W* 4.2 1 0.1ab 4.9ab 67.0e 63.8¢e
Guthion SO0WP 1.5 2
(grower standard)
Untreated check 10.8d 80.5e 3.0a 17.8abc

Means followed by the same letter within a column are not significantly different (Fisher's
protecied LSD, P < 0.05). Data analyzed using an arcsin transformation.

Includes 1.0 % Omni Supreme Oil by volume.
®Includes 0.25 % Omni Supreme Oil by volume.
CpI-I was adjusted to < 6.0 by Bu-pH-er.
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Chemical control/New products
COMPARISON OF APPLICATION METHODS FOR CONTROL OF INSECTS

Jay F. Brunner, Mike Doerr
WSU-TFREC, 1100 N. Western Ave., Wenatchee, WA 98801

Keywords. Sprayer technology, application methods, codling moth, leafroller.

An experimental Prop-tec tower sprayer and an industry standard Rears Pak-blast airblast
sprayer were compared in a replicated, small plot test against codling moth and larger un-
replicated blocks against the lacanobia fruitworm. Furthermore, a field-aged residue comparison
was made in which both sprayer technologies were compared at equivalent volumes of water
(100 gal/acre) as well as comparing a 100 gal/acre and 30 gal/acre application with the Prop-tec.
The field-aged residue test was done in cooperation with DuPont Chemical Co. The residue test
included a leaf disk bioassay with Pandemis leafroller and a whole apple bioassay with codling
moth. Foliage and fruit samples were also removed from sample trees and sent to DuPont’s
chemical laboratory for residue analysis. This procedure provides important chemical deposition
information as well as a measure of relative coverage of the sprayer technologies. At issue with
all tests was whether or not the ultra-low volume technology utilized by the Prop-tec design
would increase chemical deposition while ensuring satisfactory coverage to maintain insect
control. To ensure validity of the test procedure, chemicals were selected that must be ingested
to cause mortality. It is generally regarded that coverage is of most importance with stomach
poisons. In all insect control tests the Prop-tec sprayer utilizing ultra-low volumes performed
statistically equivalent to the standard airblast sprayer technology. Benefits of the Prop-tec
technology should include more control of the spray “curtain” and better insecticide deposition
on target foliage thus reducing drift and waste. Furthermore, the economics of ultra low-volume
spraying with the prop-tec were obvious with regards to application time.

Codling moth control: The Prop-tec and Rears Pak-blast sprayers were compared using
methoxyfenozide (Intrepid 2 SC, Rohm and Haas) to control second generation codling moth
(CM) larvae. The test was conducted in an apple orchard at the Tree Fruit Research and
Extension Center Columbia View plots near Orondo, Washington. Plots were three rows wide
and five trees long and consisted of different varieties in each block of trees. One Gala and one
Delicious tree in each 5-tree sample area were stripped of all CM injured fruit from the previous
generation. The two sprayers dehivered Intrepid 2 SC as follows: Pak-blast sprayer at 1.75 mph,
hollow cone nozzles, 100 gpa; Prop-tec sprayer at 4 mph, low-volume rotary nozzles, 20 gpa. All
treatments were sprayed 19 Jul (1250°D") with two subsequent applications on a 14—day schedule
(2 Aug and 19 Aug). CM injury was evaluated by examining 100 fruits per replicate (50 from
each of the two sample trees) on 11 Sep and recording the number of CM stings and entries.

Results: Codling moth pressure was heavy in the plots with 60.7% of the apples in the
untreated controls having either codling moth stings or entries at harvest. Both of the Intrepid 2
SC treatments significantly reduced codling moth injury relative to an untreated control. There
were no statistically significant differences between the treated plots. It should be noted that in
both Intrepid 2 SC treatments the number of codling moth stings, or shallow and possibly
unsuccessful entries, was significantly higher than the untreated control.
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Rate Avg % CMinj - 11 Sep

Treatment (Product/A) Sprayer-gal/A Stings Entries Total

Intrepid 10floz  Prop-tec 20gpa 18.0a 2030 383b

Intrepid 10floz  Pak-blast 100 gpa 17.3 a 123b 2970b

Untreated 7.0b 53.7a 60.7 a b

!°D = accumulated degree-days after first moth capture in pheromone trap (biofix), calculated from daily maximum
and minimum temperatures using the method described by Baskerville and Emin (Ecol. 50: 514-516, 1969).

*Means in the same column followed by the same letter are not significantly different (p=0.05, Student- .
Newman-Kenls).

Proptech v. Pac-blast for Lacanobia control

The Prop-tec and Rears Pak-blast sprayers were compared using tebufenozide (Confirm 2 F,
Rohm and Haas) to control lacanobia larvae of the first generation. The Pac-blast sprayer driven
at 1.75 mph used conventional airblast technology at 100 gpa and the Prop-tec sprayer driven at
4 mph used an ultra-low volume rate of 30 gpa. Lacanobia densities were moderate and fairly
evenly distributed throughout the test orchard. Each of the Confirm 2 F plots reduced Lacanobia
densities and resulting shoot infestation relative to the untreated control.

Post-treatment evaluation (SE)
Rate 28 Jun 2 Aug
Treatment  (form/acre) Application larvaestray % Inf. shoots % Fruit inj.
Confirm2F 10floz Prop-tec30g  0.04 (0.04) 8.3 (0.7) 0.0 (0.0)
Confirm2F 20floz Prop-tec30g  0.06 (0.02) 6.8 (2.6) 0.1 (0.1)
Confirm2F 10floz Pak-blast 100 g 0.04 (0.04) 29(0.5) 0.0(0.0)
Confirm 2 F 20floz Pak-blast 100 g 0.06 (0.02) 3.4 (0.2) 0.0 (0.0)
Untreated  none none 0.32(0.08) 21.5(10.7) 0.0 (0.0)

Experimental design of large blocks divided in-half for sampling limited statistical analysis.

Prop-tec vs. Pak-blast for residue deposition and residual activity

The Prop-tec and Rears Pak-blast sprayers were compared using indoxicarb (Avaunt 30 EDG
DuPont Chemical Co.) for relative spray deposition and coverage. The Pak-blast sprayer driven
at 1.75 mph used conventional airblast technology at 100 gpa and the Prop-tec sprayer driven at
4 mph used a low volume rate of 100 gal/acre and an ultra-low volume rate of 30 gpa. Leaf-disk
bioassays were used to evaluate residual activity of Avaunt against leafrollers and whole fruit
bioassays were used to evaulate residual activity against codling moth larvae. Each treatment of
Avaunt 30 WDG caused a high level of mortality of pandemis leafroller with each application
technology and at each sample location and date. There were no clear significant trends noted in
. the one factor analysis of the data. Further, a full-factorial analysis of sprayer effect, volume
effect and location effect revealed no significant differences. Codling moth suppression was not
as dramatic as leafroller. Statistically significant differences among treatments and sample
locations at each sample date were evident however no clear trends were apparent. Laboratory
analysis of residues may shed important information regarding deposition on apples versus
foliage.
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4. Chemical Control/ New Products
TRUE BUG CONTROL WITH NICOTINOIDS IN PEARS

R. A. Van Steenwyk
Dept. of E.S.P.M.
University of California
Berkeley, CA 94720

Keywords: Actara, thiamethoxam, Assail, acetamiprid, Calypso, thiacloprid, Avauni, indoxacarb,
Provado, imidacloprid, Dimethoate, dimethoate, Carzol, formetanate hydrochloride ZLygus
hespeiu,s pear, chemical control, insecticide

Methods and Materials - Two trials were conducted on mature Bartlett' pear trees in
commercial orchards near Fairfield, CA. Trial A consisted of eight treatments and trial B
consisted of nine treatments. Each treatment was replicated four times in a RCB design. Each
replicate consisted of an individual tree with buffer trees in each direction. Treatments were
applied on 12 Jun for trial A and 14 Aug for trial B with a hand-held orchard sprayer operating at
250 psi and delivering 250 gpa of finished spray (2.78 and 3.57 gal/tree for Trials A and B,
respectively). Control in both trials was evaluated by caging 25 adult Lygus bugs (LB), Lvgus
hesperus Knight, on the foliage for 24 hat 0, 3, 7, 14, 21 and 28 DAT. Starting with the 3 DAT
evaluation for trial A and for all evaluations of trial B, the caged L.B were covered with aluminum
heat shields that reduced the amount of mortality caused by hot temp.

Results and Discussion: - For trial A, Actara and Provado provided significantly greater LB
mortality compared to the untreated control through 28 DAT and were highly effective through
14 DAT. Calypso, Assail and Avaunt were not highly effective LB insecticides. Dimethoate
and Carzol were only highly effective at 0 DAT. Dimethoate was not significantly different from
the untreated control at 7 DAT while Carzol was not significantly different from the untreated
contro]l at 14 DAT. For trial B, the V-10066 provided significantly higher mortality than the
untreated control through 28 DAT and was highly effective through 14 DAT. The highest rate of
Actara was also highly effective through 14 DAT while the highest rate of Provado was highly
effective through 7 DAT. V-10066, Actara and Provado all appear to be promising new LB
insecticides for pears. V-10066 is a promising new reduced risk nicotinoid that might provide
significant true bug control.
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Table 1. Mean Percent Mortality of Caged Lygus Bugs by Various Nicotinoid or Reduced Risk
Insecticides at Fairfield, CA — 2000

Treatment/ "Rate Mean Percent Mortality DAT .
. formulation Ib (Al)/ac 0 3 7 14 21 28
Trial A
Calypso 4S8C 0.150 595b 509¢ 33.0bc 492c¢c 272c¢ 38.4 be .
Assail 70WP 0.150 358a 48.6bc 373ab 446bc 30.6¢c 30.4 abe
. Actara 25WG 0250  96.0cd 76.1d 879e¢ 92.0d 67.1d 412 cd

Provado 1.6F 0250 938cd 741d 813de 81.0d 64.5d 60.04d

Dimethoate E267  2.000 100.0d  457bc 29.1a 206a 22.1bc 236a

Carzol SP 0920 854c¢c 547¢ 63.8cd 300ab 139ab 26.]1ab

Avaunt 30WG 0.110  644b 355ab 420ab 292ab 148ab 18.4a

Untreated check - 5t.1ab 233a 251a 23.0a 6.6a 209a

Trial B

Provado 1.6F 0.063 96.0cd 88.0cd 5270 17.7a 163a 196a

Provado 1.6F 0.125 98.1de 96.0ef 676b 275ab 357bcd 2l.1a

Provado 1.6F 0.250 1000e 94.1def 929c¢ 30.7ab 31.7abc 22.7a

Actara 25 WG 0063 858b 82lc 554b 161a 170ab 214a

Actara 25 WG 0.125 973 cde 88.5de 940c¢ 376b 21.2ab 223a

Actara 25 WG 0.250 980de 9l4def 90.7¢ 794c 43.0cd 26.7ab

V-10066 50WDG 0.250 99.0de 98.0f 932¢ 887c¢ 55.1d 39.0b .
Dimethoate E267 2.000 909bc 366D 264a 159a -—-- ---=

Untreated check -—-- 212a 38.6a 242a 174 a 2l4abc 2422

Means followed by the same letter within a column are not significantly different (Fisher's
protected LSD, P < 0.05). Data analyzed using an arcsin transformation.
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TRUE BUG CONTROL WITH PYRETHRIODS IN PEARS

R. A. Van Steenwyk
Dept. of E.S.P.M.
University of California
Berkeley, CA 94720

Keywords: Asana, esfenvalerate, Baythroid, cyfluthrin, Brigade, bifenthrin, Decis, deltamethrin
Danitol, fenpropanate, Lygus hesperus, pear, chemical control, insecticide

Methods and Materials - A trial was conducted on mature 'Bartlett' pear trees in a commercial
orchard near Fairfield, CA. The trial consisted of six treatments. Each treatment was replicated
four times in a RCB design. Each replicate consisted of an individual tree with buffer trees m
each direction. Treatments were applied on 3 May with a hand-held orchard sprayer operating at
250 psi and delivering 250 gpa of finished spray (2.78 gal/tree). Control was evaluated by caging
25 adult Lygus bugs (LB), Lygus hesperus Knight, on the foliage for 24 hours at 0, 7, 14, 21, 28
and 35 DAT.

Results and Discussion: - Control of LB was excellent with all pyrethroid insecticides
through 21 DAT. Control started to break down at 28 DAT for Brigade and at 35 DAT for
Danito]l and Asana. Control was excellent through the entire study for Decis and Baythroid.
However, high control mortality was observed when maximum air temperatures exceeded 85°F.

Table 1. Mean Percent Mortality of Caged Lygus Bugs by Various Pyrethroid Insecticides at
Fairfield, CA — 2000

Treatment/ Rate Percent Mortality DAT

formulation b (Al)/acre 0 7 14 21 28 35
Asana XL 0.072 100.0b 9390 82.5b  93.1bc 86.6bc 76.7bc
Baythroid 2EC 0.044 100.0b 98.0bc 100.0¢ 100.0c  920bc 9%4.1c¢
Brigade 10WP 0.080 100.0b 95.0bc 884b 853b 69.6b T722b
Decis 0.2EC 0.033 100.0b 100.0¢ 95.0bc  933bc 97.0c 94.7¢c
Danitol 2.4EC 0.394 100.0b 91.0b 950bc¢  828b  909bc 73.1bc
Untreated check e 362a 316a 17.7a 29.1a 244a 203a

Means followed by the same letter within a column are not significantly different (Fisher's
protected LSD, P < 0.05). Data analyzed using an arcsin transformation.




Intrepid™ Insecticide: A new molt accelerating chemistry for control of
Lepidopterous pests in Pome fruits. T.J. Niedlinger and A.E. Duttle.

Abstract: Intrepid belongs to the new class Insecticides referred to as Molt Accelerating
Compounds from Rohm and Haas Company. Intrepid has demonstrated a broad range activity
within the Lepidoptera while having no significant effect on bees wasps or other beneficial
species. This is a summary of 1999 and 2000 field efficacy trials conducted of Rohm and Haas
Company for controlling Pandemis pyrusana (Pandemis Leafroller (PLR)) and Choristoneura
rosaceana (Oblique Banded Leafroller (OBLR)), Cydia pomonella (Codling Moth (CM)),
Lacanobia subjuncta (Lacanobia Fruitworm) and Phyllonorycter elmaella (Western Tentiform
Leafminer (WTLM)) in Apples of the northwest. Intrepid gave excellent control of leafrollers,
Western Tentiform Leafminer and Lacanobia. In addition, Intrepid demonstrated effective
control of Codling Moth in mating disruption systems.

Materials and Methods: Applications were made using commercial or three point airblast
sprayers calibrated at 100-200 GPA. Latron B-1956 was added to all treatments at 0.13% V/V.
Treatments were applied to large plot trials and subsampled 4 times. For PLR, OBLR and
Lacanobia, the number of applications varied by trial. Evaluations of density and shoot feeding
were made after critical applications. For WTLM; experiments comparing control of spring and
summer generations of WTLM and PLR trials were evaluated for number of WTLM mines.
Physiology was noted at time of application and evaluation. For CM; treatments were designed
to define efficacy of Intrepid for supplementing CM mating disruption. Evaluations of CM
damage were made at harvest. Treatments consisted of: Confirm (20 Oz / A) 150 DD + 14 day
season long, Guthion (2Lbs / A) 200, (1200)! DD, Intrepid (12 F1 Oz/A) 200, 500, (1200)! DD,
Intrepid (16 Oz / A) 200, 500 (1200)! DD, Intrepid 980z / A) 150 DD + 14 day season long.
Trial number 12600013 had 1 additional application at 1200DD.

Results: Intrepid gave excellent control of OBLR and PLR at 80z / A or higher. A rate response
was noted in larger trees with higher rates having faster, more consistent control of PLR. Intrepid
gave excellent reduction of Lacanobia terminal feeding damage at 12 Oz . Intrepid applied at
PLR timings gave excellent control of WTLM. Intrepid applied at egg hatch gave good control of
early sap feeders. Applications made at peak flight (timed for Leafroller) gave excellent control

. of Western Tentiform Leafminer. Three applications of Intrepid reduced CM entries equal or
better than 2 applications of Guthion. Damage levels in Guthion plots indicate application
timings were not optimized.

Summary: Intrepid provides excellent control of OBLR, PLR, Lacanobia and WTLM. Intrepid
provides good supplemental control to CM mating disruption. Intrepid gives excellent control of
secondary Lepidopterous pests when targeting primary pest. The selectivity of Intrepid provides
added value by having excellent safety to handlers and applicators, allowing application during
the bloom period and a short reentry.
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Control of first generation Objiquebanded

Leafroller in Apples

14 DAC, T.J. Niedlinger, 16999002, Mattawa, WA,1999
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Control of Pandemis Leaf Roller in Apples at

petal fall
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Chemical Control/New Products #1

FIELD AND LABORATORY TESTS OF NEW INSECTICIDES AGAINST THE APPLE
MAGGOT

H. Reissig, Cynthia Smith, and David Combs
Department of Entomology, NYSAES, Geneva, NY 14456

Keywords:  apple maggot, Rhagoletis pomonella, apples, Spintor, Spinosad, Thiacloprid,
Calypso, Imidacloprid, Provado, Indoxacarb, Avaunt, Pyriproxyfen, Esteem, Thiamethoxam,
Actara, laboratory bioassays

Organophosphate insecticides, particularly azinphsomethyl and phosmet, have been used
almost exclusively to control the apple maggot, Rhagoletis pomonella (Walsh) in apple orchards
throughout the Northeastern United States during the last 20-30 years. These matenals are
highly effective, relatively inexpensive, and also have broad spectrum activity against other apple
insect pests that may also be present in orchards during July and August when apple maggot
adults are active. Unfortunately, because of the current review of organophosphate insecticides
under the FQPA regulations, it appears likely that many organophosphate insecticides will either
be removed from registration for use on apples, and the usage patterns of any remaining
materials will be altered to prevent late season use. Because of these potential problems with the
future registration of organophosphates, both laboratory and field tests have been conducted
during the last several years to evaluate the effectiveness of several new insecticides against this
pest: Spintor, Thiacloprid, Imidacloprid, Indoxacarb, Pyriproxyfen, and Thiamethoxam.

Because of the effectiveness of current chemical control strategies, most NY apple orchards
do not have indigenous populations of apple maggots. However, many commercial orchards are
located in close proximity to feral apple trees that are continually infested with high populations
of apple maggots that frequently immigrate into the outside border rows during late July, August,
and early September. In order to prevent fruit injury in high risk orchards next to unsprayed
sources of apple maggot flies, insecticides must be able to rapidly kill or deter oviposition of
gravid female flies immigrating into border rows of apple trees in commercial orchards. Since it
is often difficult to find experimental sites with apple trees that are uniformly, heavily infested
with apple maggot flies, we have developed laboratory bioassays to monitor the toxicity of
surface deposits of insecticides to apple maggot adults and to compare the ability of compounds
to prevent or reduce oviposition of gravid females.

Laboratory Bioassays-Delcicious apples are dipped for 20 seconds in aqueous solutions of
formulated insecticides (if necessary surfactants are added according to manufacturer
recommendations) and allowed to dry for 1-2 hours. Control apples are dipped into water. From
1-5 gravid female flies (approximately 20 days old) are then placed in an inverted clear plastic
cup containing a treated apple, a sugar cube, and an upright vial of water plugged with a cotton
wick. After 48 hours, the mortality of flies is assessed (flies unable to remain upright are
classified as dead), and oviposition punctures are counted on the apples. A small sample of
punctures (5-10/fruit) are dissected to monitor actual oviposition in the fruit in case some
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compounds deter oviposition but have no effect on fruit puncturing. Approximately 50-60 flies
were exposed to a range of 5-6 concentrations of each compound tested. During the test,
bioassay containers were kept in a controlled environmental chamber at 74°F, 16:8 (L:D
photoperiod) and ca. 50% relative hurnidity.

~ Field Tests-Compounds were tested in a research orchard of McIntosh and Cortland apples
that had a moderate infestation of flies. Materials were applied as dilute sprays with a hand
sprayer to treatments replicated 4 times on single tree plots arranged in a RCB design and
separated by unsprayed buffer trees. Treatments were applied initially about 10 days after fly
emergence and thereafter on 7-14 day intervals until the end of the season. At harvest, 200
apples were collected from each tree and examined for apple maggot punctures and internal
larval trails. Percentages of damaged and clean fruit were transformed Arcsin (Sprt X) prior to
analysis. Treatment means were subjected to a Fisher’s Protected LSD Test (P<0.05).

Results, Laboratory Bioassays-Indoxacarb was tested at the following concentrations (ppm):
1, 10, 100, and 1000. Only the highest concentration (1000 ppm), which killed 74.5% of the
flies, was toxic. The percentages of reduction in oviposition ranged from 11.5% at lppm to
80.4% at the highest dosage. Thiacloprid was tested at 0.1, 0.32, 1, 3.2, 10, 32, and 100 ppm.
None of these dosages killed more than 12 % of the flies, and the percentages in reduction of
oviposition ranged from 25.1 to §9.0 at the highest rate tested. Spintor was tested at 3.2, 10, 32
100 and 316 ppm. In contrast to Indoxacarb and Thiacloprid, Spintor was quite toxic to adults,
and all rates tested except the 3.2 ppm dosage killed > 90% of the flies within 48 hours. The two
highest rates of Spintor (100 and 316 ppm) reduced oviposition, respectively, by 83 and 98 %.
Imidacloprid was moderately toxic to flies in the laboratory, and the highest rate tested (11 ppm)
killed about 53% of the flies. This compound inhibited oviposition by 73, 83, 83, 83, and 95%,
respectively, at concentrations of 0.1, 0.35, 1.1, 3.5 and 11 ppm. The effects of adding sugar
(sucrose) to water solutions of Imidacloprid was also tested in the laboratory. Higher
concentrations of sugar (5 or 10%) greatly increased the effectiveness of a low dosage of
Imidacloprid in inhibiting oviposition, but had no effect on toxicity to the flies.

Results, Field Trials- The addition of various concentrations of sugar and Nu-Lure bait did
not statistically increase the effectiveness of either Imidacloprid or Spintor. During two years of
trials, Imidacloprid applied at two-week intervals throughout the summer was never as effective
as an azinphosmethyl standard i protecting fruit, and sometimes failed to reduce damage levels
below that observed in untreated check plots. Spintor treatments applied at two week intervals
usually had 1-2% more damaged fruit than organophosphate standard treatments, although the
differences were often not statistically significant. Weekly sprays of Spintor were as effective as
Phosmet standard treatments, even when low rates were applied. Indoxacarb and Thiacloprid
applied at two-week intervals were as effective in protecting fruit as the organophosphate
standards. In trials conducted in 1999, Thiamethoxam and Pyriproxyfen, applied at two-week
intervals during July and August, did not reduce apple maggot damage below levels in untreated
check plots.
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Chemical Control / New Products

EVALUATION OF POTENTIAL INSECTICIDES FOR USE IN ORGANIC APPLE
PRODUCTION

David Combs, W. Harvey Reissig and Cindy Smith
NYS Agriculture Experiment Station
Geneva, NY 14456

Keywords: Codling moth (CM); Cydia pomonella, Oriental fruit moth (OFM); Grapholitha
molesta, Lesser appleworm (LAW); Grapholitha Prunivora, Apple Maggot (AM); Rhagoletis
pomonella, Tamished Plant Bug (TPB); Lygus lineolaris, San Jose Scale (SJS); Quadraspidiotus
perniciosus, Obliquebanded Leafroller (OBLR); Choristoneura rosaceana, Plam Curculio (PC);

- Conotrachelus nenuphar, Spotted Tentiform Leafminer (STLM); Phyllonorycter blancardella,

Predaceous mite (TP); Typhlodromus pyri, Predaceous mite (ZM); Zetzellia mali, European red
mite (ERM); Panonychus ulmi,, Apple, Chemical Control, Organic, Insecticides

Recently there has been some discussion of possible organic pesticide alternatives in New
York State. With the cooperation of several manufacturers, an experiment was conducted to tests
the efficacy of present materials that have the potential to be certified organic materials. Dilute
sprays were applied to run off with a hand sprayer (450 psi) at weekly and biweekly intervals.
These applications were started at petal fall (15 May) and continued either on the weekly
schedule or biweekly schedule on 22 May, 30 May, 7 June, 14 June, 21 June, 28 June, 6 July, 12
July, 18 July, 26 July, 1 August, 10 August, 16 August and 22 August. Treatments were
replicated three times on single tree plots and arranged in a RCB design. The treatments were:
(1) Surround WP (50 lbs. AI/100 gal) on a weekly schedule; (2) Orchex 796 (128 oz AI/100 gal)
on a weekly schedule; (3) Aza-Direct EC (0.62 oz AI/100 gal) applied on a weekly schedule; (4)
Imidan 70WP (11.2 oz AI/100 gal) applied on a biweekly basis; (5) Untreated check. ERM and
predacious mites were sampled on 14 July. STLM tissue mines from the first generation were
counted on 15 randomly selected fruit clusters on 6 July. Second generation mines were counted
on 3-4 distal leaves on 25 randomly selected ‘hardened off” terminals per replication on 28
August. First generation internal lepidoptera and PC damage assessments were taken on 23 June.

. Fruit damage was evaluated on 100 “Macintosh’ apples examined from each tree in each

replication on 10 September.

ERM were not detected in any of the treatments, and the predator mite numbers ranged from
12.7/25 leaves to 36.0/25 leaves. The Surround WP treatment had the lowest amount of
predators with the Orchex 796 slightly above it. PC fruit damage was significantly controlled by
only two of the treatments. The Imidan 70WP standard and the Surround WP treatment reduced
PC damage levels well below the check, but damage in the Orchex 796 and Aza-Direct
treatments were comparable to the untreated trees. STLM populations in the Imidan 70WP
treatment were higher than that found in the check trees and the Surround plots had almost the
same infestation levels as the check plots. The Orchex and Aza-Direct plots reduced STLM
damage below that found in the check. All treatments tested had some activity against the first
generation of the internal lepidoptera complex (CM, OFM and LAW) as compared to the check.
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At harvest, the organophosphate plot provided the best control, but the physical barrier of
Surround WP and the seasonal Aza-Direct also significantly reduced damage levels from that of

the check plot. The damage level found in the Orchex 796 treatment at harvest was comparable

to the untreated check plot. OBLR populations were relatively low in the test orchards and .
damage from the summer brood was reduced numerically in all of the treated plots from that of

the check, however they did not statistically separate. AM pressure was also guite low with none

of the treatments statistically separating from each other. TPB was controlled well with both the -
Aza-Direct and Surround treatments. However, the Imidan and Orchex treatments were not

significantly different from the check. Typically SJS is not uniformly distributed among trees in

the research orchard. Therefore, it is difficult to determine the effectiveness of compounds

assigned to randomly selected trees. In this trial, SIS fruit infestation was much higher in the

Surround plots than in the other treatments, which indicates that this material is not effective

against this pest. The other plots including the check had little or no SJS fruit damage.




EVALUATION OF POTENTIAL INSECTICIDES FOR USE IN ORGANIC APPLE PRODUCTION

Mean Mean % Damaged Fruit
STLM
Rate mines/cluster minesfterm AM Internal lep* PC OBLR SIS TPB

Treatment Al/100 gal. genl gen 2 harvest generation 1 harvest 30-Jul harvest early late harvest harvest
Imidan 70 WP® 11.2 0z 400 11.8¢ 0.0a 00a 00a 20a 73a 067a 13a 00a 0.3 ab
Surround WP° 50 lbs 23ab 27b 00a 40b 6.3 ab 40a 46a 23ab 16a 323D 00a
Orchex 796° 128 oz l.6a 02a 1.0a 1.0 ab 17.6bc  57.7b 313b 10a 23a 0.0a 10ab
Aza-Direct EC° 0.62 0z [.7a 0.0a 03a 11.0¢  5.6ab 547b 266b 2.6ab 3.6a 20a 0.0a
Check 38ab 28b 1.0a 27.7d 19.0¢ 483b 350b 7.0b 46a 00a 13b

Means within a column followed by the same letter are not significantly different (Fisher's Protected LSD Test, P<0.05).

L9

a) complex of codling moth, oriental fruit moth and lesser apple worm
b} applied at petal fall and 1-7C
¢) applied at petal fall and then every 7 days

Mean ERM / Leaf | Mean Phytoseiid / 25 Leaves
Tmidan 70 WP 0.0a 30.7b
Surround WP 0.1a 12.7a
Orchex 796 0.1a 15.3 ab
Aza-Direct EC 0.1a 24.0b
Check 00a 3530

Means within a column followed by the same letter are not significantly different (Fisher's Protected LSD Test, P<0.05).




Chemical Control / New Products

EVALUATION OF INSECTICIDES AGAINST NEW YORK APPLE ARTHROPOD PESTS,
2000

David Combs, W. Harvey Reissig and Cindy Smith
NYS Agriculture Experiment Station
Geneva, NY 14456

Keywords: Codling moth (CM); Cydia pomonella, Oriental fruit moth (OFM); Grapholitha
molesta, Lesser appleworm (LAW); Grapholitha Prunivora, Apple Maggot (AM); Rhagoletis
gomonella Tarnished Plant Bug (TPB); Lygus lineolaris, San Jose Scale (SIS); Quadraspidiotus
perniciosus, Obliquebanded Leafroller (OBLR); Choristoneura rosaceana, Plum curculio (PC);
Conotrachelus nenuphar, Spotted tentiform leafiminer (STLM); Phyllonorycter blancardelia,
European red mite (ERM); Panonychus ulmi, Predaceous mite (TP); Typhlodromus pyri,
Predaceous mite (ZM); Zetzellia mali, Apple, Chemical Control, Organic, Insecticides

Dilute to runoff sprays were applied with a handgun sprayer (450 psi) at pink (3 May), petal
fall (15 May) and as cover sprays on 30 May, 14 June, 28 June, 12 July, 26 July, 8 August and
22 August. Treatments including an untreated check were replicated 3 times (two 6 tree plots
and one 8§ tree plot) and arranged in a RCB design. Treatments were: (1) Calypso 4F at pink
(0.25 oz AI/100 gal), then again at petal fall and 1-7C (0.5 oz AI/100 gal); (2) Calypso 4F
applied at pink (0.25 oz A1/100gal), Guthion 50W applied at petal fall and 1-7C (4.0 oz A1/100
gal), as well as Provado 1.6F at 3C (0.4 oz AI/100 gal); (3) Lorsban 75 WG (5.28 oz A1/100 gal)
applied at petal fall, 1-2C and 5-7C, Spintor 2SC was also applied at petal fall (0.25 oz
A1/100gal) and at 3-4C (0.325 oz AI/100 gal); (4) Lorsban 75WG (5.28 oz AI/100 gal) applied at
petal fall and 1-7C.; (5) Lorsban 50W (5.28 oz AI/100 gal) applied at petal fall and 1-7C.; (6)
Guthion 50W (4.0 oz AI/100 gal) applied at petal fall and 1-7C. ; (7) Danitol 2.4EC applied at
pink (1.1 oz AI/100gal), 2C and 6C (1.6 oz AI/100 gal), Guthion 50W applied at petal fall, 1C
and 4-5C and 7C (4.0 oz AI/100 gal), Spintor 2SC at 3C (0.325 oz AI/100 gal); (8) Supracide
25WP applied at pink (4.0 oz AI/100 gal), Imidan 70WP at petal fall-2C, 5C and 7C (11.2 oz
AI/100 gal), Confirm 2F at 3-4C (1.5 oz AI1/100 gal), Provado 1.6F applied at 3C and 6C (0.26
oz AT/100 gal); (9) Actara 25WG applied at pink, petal fall and 1-7C (0.3 oz AI/100 gal) ; (10))
Actara 25WG applied at pink, petal fall and 1-7C (0.38 oz AI/100 gal).; (11)) Actara 25WG
applied at pink, petal fall and 1-7C (0.45 oz AI/100 gal); (12) Untreated check.

ERM and predaceous mites were sampled on 25 randomly selected leaves per tree per
replication on 13 July. STLM tissue mines from the first generation were counted on leaves on
15 randomly selected fruit clusters on 23 June. Second generation STLM tissue mines were
counted on 5-6 distal leaves on 25 randomly selected "hardened off" terminals per replication on
29 August. First generation internal lepidoptera and PC fruit damage was assessed on 22 June
and on 28 August on 100 randomly selected “Macintosh’ apples examined on the tree. Fruit
damage was evaluated on 100 ‘Macintosh’ apples examined from each tree in each replication on
12 September.

ERM severely bronzed apple leaves in some of the treatments even though counts in the
samples taken on 13 July were relatively low. Probably, ERM populations in the most severely
damaged treatments were already declining by early July. In most cases, treatments that had an
organophosphate had higher numbers of ERM than that of the check treatment. Calypso fared
well when compared to the standard organophosphate programs. Results were not significantly
different for most of the major pests. The only difference was Calypso controlled STLM to near
zero levels, while the OP treatments were comparable to the check. Also, although the numbers
do not statistically separate the damage from PC was also higher in the Calypso plot than that
found mn the standard programs. Actara also exhibited good control for most of the major pests.
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There was no evident rate response between the three seasonal programs evaluated. When
compared to the current industry standards, there was better control of STLM from Actara.
However, the level of control against lep pests and SJS were better in the OP treatments.
Typically, SJS is not uniformly distributed through out the research orchard. Therefore, it is
difficult to tell the effectiveness of these materials in randomized plots. However, due to the
damage found in two of the programs where Actara was applied, indications result in assuming
that this compound has little or no activity against this pest. When Calypso is compared to the
highest rate of Actara, there are no significant differences. Numerically, the damage level from
PC is slightly higher in the Calypso plot, while the damage from internal leps is higher in the
Actara treatment. Damage found in the Lorsban 75 plot 1s comparable to that found in the
Lorsban 50 treatment. TPB was the only pest that had a significantly lower damage level from
Lorsban 75. The seasonal programs that incorporated several materials were also similar to each
other. All of the major fruit feeding pests did not separate between the treatments or the )
standards, except for two instances of TPB damage. STLM control was comparable between the
combination programs, but significantly different from both the OP standards and the check.
Low AM pressures in the research orchard resulted in none of the programs, including the check
plot, to be significantly different.
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EVALUATION OF INSECTICIDES AGAINST NEW YORK APPLE ARTHROPOD PESTS, 2000

-

Mean ERM/leaf Mean Phytoseiids/25]eaves
Treatment Rate A1/100 gal 13 July 13 July
1} Calypso 4F 0.75 1.2 ab 153 ab
Calypso 4F° 1.50
2) Calypso 4F 0.75 1.7 ab 293 ab
Guthion 50W 12.0
Provado 1.6F 1.2
3) Lorshan 75WG 16.0 . 0.5 ab 9.3 ab
Spintor 25C 0.75
Spintor 28C 1.0
4) Lorshan 75WG i6.0 1.9 ab 13.3 ab
5) Lorsban 50W 16.0 4.2 ab 153 ab
6) Guthion 50W 12.0 30ab 233 ab
- 7) Danitol 2.4EC 33 02a 47a
- Guthion 50W 12.0
Danitol 2.4EC 4.8
Spintor 28C 1.0
8) Supracide 25WP 12.0 10.7b 53a
Imidan 70WP 33.6
Confirm 2F 18.0
Provado' 1.6F 0.8
9) Actara 25WG 0.9 1.7a 233 ab
10) Actara 25WG 1.1 20ab 22.0ab
11) Actara 25WG 1.4 1.9ab 353b
12) Untreataed Check 02a 38.7b

Means within a column followed by the same letter are not significantly different (Fisher's Protected LSD Test, P<0.05).




EVALUATION OF INSECTICIDES AGAINST NEW YORK APPLE ARTHROPOD PESTS, 2000

Mean _ Mean % Damaged Fruit
STLM
Rate mines/clust, mines/term, AM Internal lep* BC OBLR 838 TPB % Clean
Treatment AL100 gal, gen.i gen.2 harvest genl  harvest 22-Jun hervest early late  harvest harvest harvest
1) Calypso 4F* 0.75 0.0a 01la 00sa 238b 1.0ab 160bc 1372 10a 1.7ab  03a 00a BL7be
Calypso 4F° 1.50
2) Calypso 4F° 0.75 6.3ab 27b 0.0a - 0la 002 97eb 920a 23a 03a 0.0a 00a 87.7bc
Guthion 50W° 12.0 '
Provado 1.6F° 1.2
3) Lorsban 75WG** 16.0 0.7 be 34be 03a 0.0a 03s 93ab 140a 03a 07a 00a 002 823k
Spintor 28C 0.75 '
Spintor 28C% 0
4) Lorsban 75WG" 16.0 1.2 cd 14.2d 0.0a 03a 0.0a 17ab 23a 00a 03a 00a 0.0a 973c¢
§) Lorsban oWt 16.0 13cd 9.7cd 03a 0.0a 03a 402ab 53a 10a 03a 1.0a 1.ic .90.0bc
6) Guthion 50W° 12.0 {3cd 13.4d 03a 0.0a 00a 57ab 4.0a 13a 00a 002 002 94.0¢
7) Danitol 2.4BC° 33 0.1 ab 1.1ab 0.0a 03a 008 67ab BO0a 078 0.0a 33a 1.0bec B853bc
= Guthion SOW** 12.0
Danitol 2.4EC” 4.8
Spintor 25C" 1.0
%) Supracide 25WP* 12.0 1.0c 2.7 sh 001 03a 0.0a 70ab 57a 1.7a 0.0a 03a 0.0a 9220c
Tmidan 7TOWP* 33.6
Confirm 2F" 18.0
Provado 1,6F" 0.8
9) Actara 25WGH 09 0.1 ab 00a 00a i13¢cd 4;7 be 03a 40a i3a 47bc 0.0a 0.3ab B5.0btc
10) Actara 5WGH 1.1 0.2ab 0.0a 00a 5.7be 63c 10ab 357a 172 .863c 83b 0.0a 7030
11) Actara 25WG™ 14 0la 01a 008 13.0d 27ab 13.0eb 632 10a 2.7 ab 37a 03ab 78.7bc
12) Untreated Check 23d 1484d 00a 220e 47bc 350c 4570 23 a 4.7be 63a - 03ab 373a

Means within a column followed by the same letter are not significantly different (Fisher's Protected LSD Test P<0.05).

a) complex of codling moth, oriental fruit moth and lesser apple worm b)Y applied at 5C

b) appi_ied at p.etal fall and 1-7C I)) a;,;li:d :t 6C

g app]l{ei at };x(n:k §) applied at 7C
applied at k) appli

S aiedu i ) applied at petal fall

f) applied at 3C

g) applied at4C

B4 il




Chemical Control/New Products

EVALUATION OF NEW MITICIDES FOR
CONTROL OF SPIDER MITES IN PEAR.

J. E. Dunley, B. M. Greenfield,
L. H. Bennett, and G. T. Hannig
WSU-TFREC, 1100 N. Western Ave., Wenatchee, WA 98801

Keywords: UCC-D234, V-1283, BAJ-2740, Agri-Mek, abamectin, Pyramite, pyridaben,
Savey, hexythiazox, Vendex, fenbutatin-oxide, Kelthane, dicofol, GWN-1725, Pear, two-
spotted spider mite, tetranychus urticae, miticide, chemical control, airblast

Three trials were conducted in WA to evaluate four new miticides for control of two-
spotted spider mites, I. urticae, on pears. Two handgun plots consisting of single tree reps,
randomized four times in a RCB design, were conducted; one at Chief Wenatchee CRO orchards
south of Wenatchee and one at Darrell Harndon orchards near Cashmere, WA. A large block
airblast trial was also located at the CRO location and consisted of single blocks of 10 trees long
by 3 rows wide. Handgun plots were sprayed using a piston pump type sprayer operated at 400
psi and applying a dilute spray of 400 GPA. The airblast trial was sprayed with a “Rears” 3-
point hitch mounted sprayer calibrated to apply 100 GPA. The handgun CRO trial was sprayed
on 29 Aug, the Harndon plot on 15 Sep, and the airblast CRO on 31 Aug. Mites were sampled
by picking 25 leaves from each of the four replicates in the handgun plots, and from four
locations from the middle of each block in the airblast trial. The leaves were brushed with a
standard mite brushing machine onto glass plates, and eggs and actives were counted on half the
area of each plate. Data were subjected to ANOVA and means for the individual count dates
were separated using Student-Newman-Keuls at p=0.05. Overall means were separated using
Post Hoc LSD.

Results: Treatments, rates, and mite counts are given in Fig. 1 (Harmndon), 2 (CRO handgun),
and 3 (CRO airblast). In the Harndon plot, all of the treatments reduced mite numbers below
that found in the control plots by one week after treatment. Two weeks after application, all of
the treatments continued to give excellent control. There were no significant differences
between any of the treated plots, however.

In the CRO handgun plot, all of the treatments significantly reduced mite numbers below
that found in the control four days after application. All of the compounds were still giving good
control four weeks after application. Overall means showed that V1283 at both rates, Agri-
Mek®, and the high rate of GWN-1725 gave the best control, however these were not
significantly better than the other treated plots with the exception of the high rate of UCC-D234,
All of the treated plots were statistically better than the untreated control.

In the airblast trial at CRO, all of the compounds reduced mite numbers by two weeks
after application. Three weeks after application, only UCC-D234 significantly reduced mite
numbers below those found in the control. By the last sample, all of the treated plots had fewer
mites than the control.

Conclusions:” All four of the new miticides gave good control of two-spotted spider mites and
were as effective or more effective than the standards. Although none of the new miticides are
yet registered on pears, the respective companies are actively pursuing registration. Any or all of
these compounds may be valuable tools for pear growers needing to control spider mites
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Fig. 1: Mite numbers per leaf' on Harndon plot

Treatment Rate 15-Sep 19-Sep 22-Sep 28-Sep  Overall®
Control 25.20a 3.44a 12.64a 8.78a a
UCC-D234 0.75 /A 13.94a 1.46a 1.20b 032b b
UCC-D234 1.0 Ib/A 21.58a 0.56a 0.56b 012b b
Pyramite® 10 oz/A 23.68a 0.36a 1.02b 0.96b b
Agri-Mek® 16 fl oz/A 24 92a 0.18a 0.94b 044b b
Savey®Nendex® 6 0z+2 Ib/A 10.76a 0.36a 0.60b 014b b
V1283 0.188 ib/A 16.30a 3.62a 1.50b 122b b
Agri-Mek® 12 fl oz/A 15.70a 0.34a 1.04b 028b b
BAJ 2740 11 fl oz/A 10.10a 2.54a 2.06b 048b b
BA.J 2740 18 fl oz/A 17.48a 0.46a 0.30b 022b b
Kelthane® 8 Ib/A 23.57a 1.06a 2.16b 104b b
GWN-1725 35 fl oz/A 8.68a 1.46a 1.12b 026b b

‘Means in columns followed by the same letter are not significantly different according to Student-
Newman-Keuls (p=0.05). Overall average means (Post Hoc LSD)

Fig. 2: Mite numbers per leaf' on CRO handgun plot.

Treatment Rate 28-Aug 01-Sep

Control 14.22a 13.60a
UCC-D234 0.75 Ib/A 2.64a 3.62b
UCC-D234 1.0 Ib/A 18.96a 1.90b
Pyramite® 10 ozA 5.32a 1.48b
ngri-Mek® 16l oz/A 4.26a 0.96b
V1283 0.09 oz/A 3.88a 0.14b
1283 0.188 0z/A 3.24a 0.82b
Agri-Mek® 121l oz/A 5.10a 1.16b
GWN-1725 25 fl 0z/A 6.34a 0.42b
GWN-1725 30 fl oz/A 12.80a 0.98b
GWN-1725 35 fl oz/A 1.70a 1.22b

08-Sep 18-Sep

6.74a 3.26a
1.04b 0.12b
1.78b 0.06b
0.88b 0.36b
0.54b 1.02b
0.20b 0.02b
0.40b 0.12b
0.18b 0.30b
0.58b 0.12b
0.04b 0.14b
0.28b 0.12b

26-Sep

Overall?

3.94a &
0.70b bc
0.24b b
0.34b be
1.12b bc
0.06b
0.08b
0.12b be
0.20b bc
0.42b bc
0.16b ¢

‘Means in columns followed by the same letter are not significantly different according to Student-
Newman-Keuls (p=0.05). *Overall average means (Post Hoc LSD)

Fig. 3. Mite numbers per leaf' on CRO airblast plot

fTreatment Rate
Control

UCC-D234 1.0 Ib/A
V1283 . 0.188 ib/A
BAJ2740 18 fl oz/A
Savey@)Nendex® 6oz+21b
Agr-Mek® 10 fl oz/A

30-Aug 05-Sep

8.58
3.70
9.72
8.46
9.26

8.20 a

sV < IR I o 1)

7.26
0.76
5.58
6.90
2.80
342 a

D WL W

12-Sep 20-Sep
754 a 424 a
008 b 012 b
1.16 ab 040 b
298 ab 0.86 ab
0.78 ab 1.32ab
276 ab 2.60 ab

27-Sep
6.56 a
002 b
014 b
022 b

158 b
152 b

Overali®
a
c
bc
bec

be
b

'Means in columns followed by the same letter are not significantly different accordlng to Student-
Newman-Keuls (p=0.05). 2Overall means (Post Hoc LSD)
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Section 4. Chemical Control/New Products

NEW INSECTICIDE EVALUATION FOR PREBLOOM CONTROL OF PEAR PSYLLA

John E. Dunley, Greg T. Hannig,

Bruce M. Greenficld and Larry H. Bennett

WSU-TFREC 1100 N. Western Ave. Wenatchee, WA 98801

Keywords: Pear Psylla, Cacopsylla pyricola, Diflubenzuron, Dimilin, Pyriproxyfen, Esteem
Esfenvalerate, Asana, PBO, Piperonyl Butoxide, Saf-T-Side, Comply, Fenoxycarb.

This study compares several experimental insecticides that are in various stages of the
registration process. This study compares these insecticides at various rates and timings with
some registered compounds, and also examines the effects of some adjuvants. The treatments
examined are listed below:

Dimilin/Oil/Esteem

Dimilin 25 WP/ Saf-T-Side SL/ Esteem 0.88 EC

3 Lb/A; 0.25 %V/V; 1 PUVA

Blocks 8 & 9 Treatment summary
Treatment Materials Applied Application Rates Application Dates
Control
Dimilin 25 WP - CB Dimilin 25 WP 3LB/A Cluster Bud (4 Apr)
Dimilin 2 SL - CB Dimilin 2 SL 48 FL OZ/A Cluster Bud (4 Apr)
Dimilin— DD, CB Dimilin 2 SL 48 FL OZ/A Delayed Dormant (24 Mar), Cluster Bud (4
Esteem - DD, CB Esteem 0.88 EC 1PT/A %S;%ycd Dormant {24 Mar), Cluster Bud (4
: o
Esteem — DD Esteem 0.88 EC 1 PT/A Delayed Dormant (24 Mar)
Esteem — CB Esteern 0.88 EC 1 PT/A Cluster Bud (4 Apr)
Blocks 10 & 11 Treatment summary
Treatment Materials Applied Application Rates Application Dates
Control
Asana Asana .66 EC 1 PYA 317
Asana/PBO Asana 0.66 EC/ PBO 1 PVA 317
Esteern/Oil Esteem 0.88 EC/ Saf-T-Side SL 1 PYA, 0.25 %V/V 3124
Dimilin/Oit Dimilin 25 WP/ Saf-T-Side SL 3 Lb/A, 0.25 %VIV 3/24
Comply Comply 80z/A 4/3
Dimnilin/Oif Dimilin 25 WP/ $af-T-Side SL 3 Lb/A, 0.25 %V/V 4/3; 4/3
Dimilin/Oil Dimilin 25 WP/ Saf-T-Side SL 48 Fl Oz/A, 0.25 %V/IV 413; 413
Esteern/Gil Esteem 0.88 EC/ Saf-T-Side SL 1 PUA, 0.25 %V/V 3/24,4/3; 3/24,4/3
Esteem/Oil Esteem 0.88 EC/ Saf-T-Side SL 1 PYA, 0.25 %VIV 4/3; 473
Esteem/Dimilin/Oil  Estesm 0.88 EC/ Dimilin 25 WP/ Saf-T-Side SL 1 PYA, 3 Lb/A, 0.25 %V/IV 3/24; 4/3; 3/24,4/3
Dimilin/Gil Dimilin 25 WP/ Saf-T-Side SL 3 Lb/A, 0.25 %V/IV 3/24,4/3: 3/24,4/3

3/24; 3/24,413; 473

These trials were conducted at the WSU Tree Fruit Research and Extension Center in

Wenatchee, WA on pear Block 10 &11 and Block 8 & 9. Treatments on 10 & 11 were applied -
to small tree plots that were four rows wide with at least 18 trees per block. Four trees from the

middle two rows of each block were marked and psylla counts were taken from each of the
marked trees on each count date. Treatments on 8 & 9 were 3 x 3 with the center tree sampled.
Treatments were applied with an air blast sprayer calibrated to deliver 200 galion of spray per
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acre. The two outer rows were sprayed inward only to control over spray to adjacent plots. The
middle two rows were sprayed from both sides to give good overall spray coverage. Application
dates were as follows: 17 March (dormant) on Blocks 10 & 11 only; and both sites were sprayed
24 March (delayed dormant) and 3 April (clusterbud). Pear psylla adult counts were made by
using a beating tray and counting the number of adults on four tray samples on each of the four
marked trees in each treatment, one from each quadrant of the tree. Psylla egg and nymph
counts up through 17 April were made by collecting 5 spurs per replicate and examining them
under a binocular dissecting scope and counting the number of eggs and nymphs. On counts
made after 17 April, 25 leaves were collected from each plot, taken to the lab and brushed with a
standard mite-brushing machine onto a glass plate. One half the plate area was examined under
a binocular dissecting scope using a grid system and the number of egg and nymphs counted and
recorded as #°s/12.5 leaves.

Results from blocks 8 & 9 suggest that a single application at cluster bud with Esteem is
the most efficacious approach to control of pear psylla, because the delayed dormant application
had higher numbers overall and the delayed dormant/cluster bud series was not significantly
different from the single cluster bud application. This is due to the fact that at delayed dormant
the winter form adults have not reached peak egg laying and waiting until cluster bud would
allow for better coverage of a greater population of eggs and newly emerged nymphs. Because
Esteem is known to have strong ovicidal and nymphicidal effects, while not affecting adults,
cluster bud would be the most appropriate application time. Both formulations of Dimilin
applied at clusterbud were as effective as Esteem applied at clusterbud.

For blocks 10 & 11, there were no significant differences between treatments and the
control with the eggs. Comply, Dimilin/Oil, and Esteem/Dimilin/Qil had significantly lower
numbers of adults than the control. Comply, Esteem/Qil, Dimilin/Oil, Esteem/Dimilin/Oil and

Dimilin/Oil/Esteem had significantly lower numbers of nymphs than the control.
Blocks 8 & 9 Seasonal means )

Treatment Eggs Nymphs Adults
Control 193{ab 50.8|b 54.7|abe
Dimilin 25 WP - CB 103{b 68.9|ab 49.8|be
Dimilin 2 SL - CB 157)ab 77.6|ab 60.5|ab
Dimilin - DD, CB 172}ab 83.5|ab 53.3|abe
Esteern — DD, CB 276|a 58|ab 429|c
Esteem — DD 247|a 114]a 66.4]a
Esteem — CB 217|ab 56.4{ab 45.9)c
Means within the same column followed by the same letter are not significantly different {(p=.05, LSD).

Blocks 10 & 11 Seasonal means

treatment Eggs High Eggs low Nymphs High Nymphs Low Adults
Control 9.064]abe 2047b-¢ 66]abc 164.5[ab 102.6]a-e
Asana 4.575]c 208.5]b-¢ 59.19]bed 104|a-d 1T7.6]abc
Asana/FBO 7.313}abc 243.7lbe 04.25fbc 1673 a 1203]a
Esteem/Oil 8.53[abc 33.19]cde 84.37bc 1213 a-d 97.53|det
i lin/Oik 3. 125]¢ 195 8]b-e 34.941d J1.15]cd 18,702
Comply . 5.25]¢ 210.8][b-¢ 06.37|abe 41.271d sl.o}tg
Eamuhin/Chl Il]a 228.11be 90.25]a 81.07/{bcd 113.59}a-d
Dimtlin/Onl 8.75]abe 199.71b-e sl]ab 126.41abe JUZR IS
Esteem/O1l 10.65]ab 59.771e oY.2o0]abe 4.2.051d 94 3 et
Esteem/O1l T.188]abe 437 1]a 78.31]ab 99.45)a-d 118 8]ab
Esteem/Dimilin/Oil ©.438]ab¢ 209.5]b 44.51cd 3467 ed 13898
Dimilin/O1l 6.438]abc 222"50& 3.8 /]ab T04[a-d H9]a-¢
Dimilin/Oi/Esteem 6.003[bc 63.65!(16 63.44]bc 66.63]cd 100]cde
Means within the same column followed by the same letter are not significantly different (p=.03, LSD).

76




Section 4. Chemical Control/New Products

NEW INSECTICIDE EVALUATION FOR POSTBLOOM CONTROL
OF PEAR PSYLLA

John E. Dunley, Greg T. Hannig,
Bruce M. Greenfield and Larry H. Bennett
‘WSU-Tree Fruit Research and Extension Center
1100 North Western Avenue

Wenatchee, WA 983801

Keywords: Pear psylla, Cacopsylla pyricola, Bartlett, D’ Anjou, Asana, Esfenvalerate, PBO,
Piperonyl Butoxide, Esteem, Pyriproxyfen, Saf-T-Side, Comply, Fenoxycarb, Assalil,
Acetamiprid, Agri-Mek, Abamectin, Neemix, Neem oil, GWN-1535, Pyramite, Pyridaben,

Savey, Hexythiazox.

An experiment to test the effects of experimental and registered insecticides on pear
psylla was replicated in two locations. These trials were conducted at the WSU Tree Fruit
Research and Extension Center in Wenatchee, WA on pear block 25 and at Smith Tract Triangle
near Orondo, WA, Treatments with location in parentheses are shown below:

Materials and Application Summary

Treatment Matenals Applied Application Rates
Asana (25 & Triangle) Asana 0.66 EC 1PT/A

Asana/PBO (25 & Triangle) Asana 0.66 EC/ PBO 1 PT/A, 1 PT/A
Esteeny'Saf-T-Side (25 & Triangle) Esteemn 0.88 EC/ Saf-T-Side 1PT/A, 0.25% VIV
Dimilin/Saf-T-Side (25 & Triangle) Dimilin 25 WP/ Saf-T-Side 3LB/A, 0.25% VIV
Comply (25 & Triangle) Comply 80Z/A

Assail 0.075 (25) Assail 70 WP 0.0751LB A/A

Agssail 0.15 (25) Agsail 70 WP 0.15LB A/A
Assail/Saf-T-Side (25) Assail 70 WP/ Saf-T-Side 0.15LB A/A, 0.25% V/V
Agrimek/Neemix (25) Agrimek 0.15 EC/Neemix 8 FL QZ/A, B OZIA

GWN-1535 (25) GWN-1535 4 PT/A
Agrimek/Saf-T-Side (25} Agrimek 0.15 EC/ Saf-T-Side 20 FL OZ/A, 0.25% VIV
Pyramite/Saf-T-Side (25) Pyramite 60 WP/ Szf-T-Side 10 OZ/A, 0.25 % VIV
Pyramite/Saf.T-Side/Savey (25) Pyramite 60 WP/ Saf-T-Side/ Savey 50 WP 8.8 0Z/A, 0.25% VIV, 4 OZ/A
Calypso (Triangle) Calypso 4FLOZ/A

Calypso (Triangle) Calypso 8FL QZ/A
Calypso/Saf-T-side (Triangle) Calypso/ Saf-T-side 4 FL OZ/A, 0.25% VIV
Calypso/Saf-T-side (Triangle) Calypso/ Saf-T-side 8 FL OZ/A, 0.25% ViV
Agri- Mek/Saf-T-side (Triangle) Agri-Mek/ Saf-T-side 12 FL OZ/A, 0.25% V/V
BAJ 2740 (Triangle) BAJ 2740 11 FL OZ/A

BAJ 2740 (Toangle) BAJ 2740 18 FL OZ/A
Pyramite/Saf-T-side (Triangle) Pyramite/ Saf-T-side 10 OZ/A, 0.25% VIV

BAJ 2740/Calypso (Triangle) BAJ 2740 /Calypso HIFL OZ/A, 2 FL OZ/A
BAJ 2740/Calypso (Triangle) BAJ 2740 /Calypso I8 FL OZ/A, 3.3 FL OZ/A

Treatments were applied to single tree plots replicated four times in a randomized complete
block design. Treatments were applied with a handgun sprayer at 400 psi to the point of drip, at
a spray volume of approximately 200 gal/acre. Application timings were as follows: Dormant
(Asana and Asana/PBO at both sites); delayed dormant (Dimilin and Esteem at both locations),
clusterbud (Comply at Smith Tract Triangle, and Comply and Assail at block 25); and petal fall
(all remaining treatments). Pear psylla adult counts were made by using a beating tray with four
tray samples per tree, one from each quadrant of the tree. Psylla egg and nymph counts were
made through 20 April by collecting 5 spurs per tree and examining them under a binocular
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dissecting scope and counting the number of eggs and nymphs. Starting on 28 April, 25 leaves
were collected from each tree, and were brushed with a standard mite-brushing machine onto a
glass plate. One-half the plate area was examined using a grid system and the number of egg and
nymphs counted and recorded as #’s/leaf. In block 25, Assail at the high rate and Assail with
Saf-T-Side were comparable to Comply on nymphs, which was highly effective in controlling
pear psylla. For adults, Comply and Agri-Mek/Saf-T-Side were the most effective products,
followed by Assail at the high rate, Assail/Saf-T-Side, Agri-Mek/Neemix and GWN-1535. This
effect was a result of the overall population suppression provided by these insecticides. At Smith
Tract Triangle, Calypso/Oil, BAJ 2740/0il, BAJ 2740/Calypso and Esteem/Qil provided as good
protection as the Industry standard Agri-Mek. If a more conventional program were to be
followed, better full season control could possibly be achieved.

Block 25 Seasonal means

Treatment Eggs Nymphs Adults
Control 167.3]ab 105.5]a 105.21b
Asana 150.7]ab 68.66]a-d 103.1fb
Asana/PBO 145.1)b 64.05]a-d 127.9|a
Esteem/Saf-T-S1ide 135.2}b 81.12|a-d 83.15]cde
Dimmhin/Saf-T-Side 161.2ab 92 28}ab 102.8[b
Comply 157.8[ab 46.84ibcd 74.17]e
Assail 0.075 155.9(ab 37.57}ed 93.5[bed
Assail 0.15 142.4|b 33.97]d 81.19|cde
Assail/Saf-T-Side 140.5]b 37.28|cd 79.4cde
Agrimek/Nemix 213.6]a 70.59(a-d 78.71]cde
[GWN-1535 180.7]ab | 78.01[a-d 30.5[cde
Agrimek/Saf-T-Side 180.8{ab 90.32[ab 75.54(de
Pyramite/Saf-T-Side 197.6]ab 85.89abc 89.19|b-e
Pyramite/Saf-T-Side/Savey 213{a 104.1]a 93.92bec

Means within the same column followed by the same letter are not
significantly different (p=.05, LSD).

Triangle Seasonal means

Treatment Eggs low | Eggs high | Nymphs low | Nymphs high Adults
Control 11.83a 5.4|la [1.017]bc 21.975[b 11.725|de
Asana 10.9%ja 5.4]a [1.777]a 45.9}a 32.119]|a
Asana/PBO 16.411{a 6.9]a |1.704}a 40.075fa 36.019|a
Esteem/Saf-T-Side 10.47jb] 7.45]a [1.038}bc 22.85}bc 14 .45|bcd
Dimilin/Saf-T-Side 17.07]|a{ 7.825]a [1.193|b 30.275}a 20.069|bed
Comply 11.29ja] 2.275%]a |0.531|c 10.825fbc  {10.931]e
Calypso 7.547]b 3.25]a |0.691|¢c 12.95¢tbc 12.931|cde
Calypso 15.72fa 5.9la |0.881|c 15.475|a 11.638]|cde
Calypso/Saf-T-side 10.99|b| 3.075]a [0.945]¢ 14.325(¢ 13.088|de
Calypso/Saf-T-side 11.01fa 3.5la |0.679]c 9.95(c 12.319]ef
Agri- Mek/Saf-T-side 15.31fa] 4.275)a [0.873]c 12.45]|¢c 10.981]ef
BAJ 2740 l16.41|a| 2.275la (0.817|c 10.2]c 10.2%4|cde
BAJ 2740 18.13|a| 4.075|a |2.372]bc 10.975(|be 11.894]cde
Pyramite/Saf-T-side 16.53|a 7.1]a [1.476]b 25.575(bc 16.3]bed
BAIJ 2740/Calypso 17.22|a| 3.775|a |1.265|c 11.025|c 7.3313]f
BAJ 2740/Calypso 11.73|a| 6.025|a |1.196[c 13.075|bc  |10.469|ef

[t

Means within the same column followed by the same letter are not

significantly different (p=.05, LSD).
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USE OF KAOLIN AND RAYNOX FOR
SEASONAL CONTROL OF PEAR PSYLLA

John E. Dunley, Bruce M. Greenfield,
Larry H. Bennett, and Greg T. Hannig
WSU-TFREC, 1100 N. Western Ave.,Wenatchee, WA 93801

Keywords: Surround, kaolin, Raynox, Agri-Mek, abamectin, Thiodan, endosulfan, Esteem, pyriproxyfen, pear
psylla, Psylla pyricola, pear, chemical control

This study was conducted to determine the optimal timing for kaolin (Surround® WP, Englehard
Corp), a kaolin clay based product, and Raynox (Raynox LC, Solutec Inc. Yakima, WA}, an organically-
modified cIay in a waxy matrix, for control of pear psylla, P. pyricola, on pears. The following eight dlfferent
treatment regimes were used in this study:

Treat. Prebloom Rate/ Application Postbloom Rate/ Application
acre dates acre dates
1. Untreated Untreated
7 Surotnd® WP S0T6 | 3/24, 473,410 | Agn-Mek+ ol | 20 oz 4725, 711
3 Thiodan® 3EC + oil 3qt 3/24 Surround 50 1p 4/25, 5/9, 5/24, 6/6,
Esteem® EC pt 43 6/27, 7/21
4, Surround® WP 50 Tb 3/24, 4/3,4/10 | Summound 501 4/25, 5/9,5/24, 6/6,
6/27, 7/21
5. Thiodan® 3EC + oil 3qgt 3/24 Agri-Mek + ail 200z 4125, 7711
Esteem® 1 pt 4/3 '
6. Raynox LC 200 gal § 3/24, 4/3,4/10 Agri-Mek + o1l 20 oz 4/25, 7/11
7. Thiodan® 3EC + cil 3qt 3/24 Raynox 100 gal 4/25, 5/9, 5/24, 6/6,
Esteem® 1pt 473 6/27, 7/21
8. Raynox LC 200 gal | 3724, 4/3, 4110 Raynox 109 gal 4/23, 519, 5/24, 6/6,
6/27, 7/21

The first five treatments had plots which were 3 trees long by three rows long, replicated four times and were sprayed
with an airblast sprayer calibrated to spray 200 GPA prebloom and 100 GPA postbloom. The Raynox treatments
consisted o single trees replicated four times. The treatments were applied using 2 handgun sprayer at 200 GPA.
Raynox was used undiluted for prebloom and mixed 1:1 with water for postbloom sprays. Psylla adults were sampled
by taking 4 beating tray samples per plot. Psylla eggs and nymphs were sampled by counting their numbers on 5 spurs
per plot from 3/21 to 4/19. Counts after this time were made by selecting 50 leaves per plot, 25 from the lower canopy
and 25 from the upper canopy, and brushing them with a mite brushing machine onto a glass plate, of which ¥ of the
area was counted. Data were subjected ANOVA and means separated using Student-Newman-Keuls at p=0.05. Overall
seasonal means were separated using Post Hoc LSD.

Results: First generation nymphs peaked in mid-late April and 2™ generation peaked in late June-early July.

When overall nymph means from both the upper and lower canopy were analyzed, the programs with

Surround® and Raynox either full season or postbloom had lower numbers of psylla nymphs than the other

prograrmus or the untreated control. When both counts are combined and analyzed the trends are the same.

Overall means of psylla eggs counts from the upper canopy showed that the Surround® and Raynox treatments,

full season or postbloom, had lower numbers than the other treatments. Overall egg means in the lower canopy
showed all of the treated plots, with the exception of the Surround® conventional, had fewer eggs than the

untreated control. All of the treatments also reduced adult psylia numbers below those found in the untreated.

From the results it appears that a season-long or a postbloom program of either Surround® or Raynox may be a

viable alternatives to conventional means for psylla control in pears.




Pear psylla nymph counts in upper canopy of trees.

Treatment 6/1 6/9 6/21 6/29 W7 7/14 721 8/3 8/10 8/16 8/23 Meanye®  Meang®

Control 45a 225a 13a 33abc 24.5ab 23ab  10.8a 17a 1.8b 3.5abe Sab 12.89a 7.042 a

Surround®/Conventional 0.5b 53bec  10.5ab  393ab  14.8abc lab 7abc 93ab’  73b  6ab 13a 10.34a 5192 be

Conventional/Surround® 13b  1.8be 4bc  11.3bc  10.5abc  1.8ab “3bc  08b 1.8b 0.8¢ 0.3d 3364b 2.634 d

Surround® b O¢ 0.5¢ 9be 33¢c 03b 1.8¢ 53b 0b 1be 0.8¢cd 2068b 1.202 d

Conventional b BBabc 10.8ab 183bc 123 abec 3.8a 4.8bc 6.5b 17a 85a 8abe 9.045a 5392 b |
Raynox/Conventional 1b 16ab 13a 59.5a 293a Oh 7.3ab 6.8b 15b 2.8bc 5bed 1291a 6.409 ab

Conventional/Raynox 0b 3.8bc 63abc  5.5¢ 7.8bc 1.5ab 43be 43b 1.5b 13bc 3bed 3.545b 3.176 cd

Raynox 0b  13c 25¢c 123be  13.5abc  0.5ab 6.8 ahc ih 1.3b 1.3be 45bed  4.068b 1.784 d

Means within the satne column followed by the same letter are not significantly different p =.05, LSD).
mean psylla counts in upper canopy through the season, from ANOVA over the entire season (p =.05, LSD post ho test).
® mean psylla counts in entire {upper and lower canopy) tree through the season, from ANOVA over the entire season (p =.05, LSD post hoc test).

oo
[t
Pear psylla nymph counts on lower canopy of trees,
Treatment 4/6  4/12  4/1% 428 5/%1 5/19 525 6/l 69 621 629 77T Hi4 {21 83 8/10 8/16 38/23 Mean®
Control 05b 7.5b 183a 6a 4.3a fa 13ab 1a 58ab 05b 125a 5.5ab 7a  48a 23a 1.8ab 253 73a 4614a

Surround®/Conventionat 3 ab 0b 050 05b 13b 0a 03ab 1.5a 58ab 33ab 93a 68ab 3ab 0.8b 1.5ab 2a 25a 7a  3.932b
Conventional/Summround®  6a  11.5b 1:3ab  1.8b 1.3b 1.5a 0b 1.5a 1.8ab 0b 55a 280 2b 2ab 0.5bc Oc 0.5a 05b  1.545¢
Surround® 1b 0b 0.8b 0b Ob 35a 18a 0a 0.5b 03b 88a 2b b Ob 0.3be 03be 08a Ib 1.341¢c
Conventional 1.3b 12,5b 1632 1.5b L3b 032 0b 0Oa 3.8ab 45ab 6a 33b 08b 13b 05bc L3abe 23a 43ab 2.523¢
Raynox/Conventional 056 08b 0b 0b Ob 0Oa 0.5ab 03a 6.8a 6.3a 17a 14.8a I1b  1.8b 1.3abe labe  23a 1.5b 4.886a
Conventional/Raynox 03b 375a 103ab 0.5b 0b Oa Ob 03a 1.8ab 0.3b 2.5a 3b 03b 0.5b Oc Oc 13a 0b 0.8864c

Raynox 0b 0b 23b 0b 0b 15a 0b 0.3a 0.8b 0b 38a 08b 23b 05b 03bc 03be Ga 03b 08182¢

Means within the same column followed by the same letter are not significantly different (p=.05, LSD),
* mean psylla counts in lower canopy through the season, from ANOVA over the entire scason (p=.05, LSD post hoc test).




Chemical Control/New Products

NEW INSECTICIDES FOR PEAR PSYLLA (HOMOPTERA: PSYLLIDAE) AND
CODLING MOTH (LEPIDOPTERA: TORTRICIDAE) CONTROL

H. Riedl, D. DeVore, S. Emmons, J. Farnsworth, G. McCarty, M. Omeg, and J. Snelling
Mid-Columbia Agricultural Research & Extension Center, Oregon State University,
3005 Experiment Station Drive, Hood River, OR 97031; helmut.riedl@orst.edu

Key words: insecticides, pear psylla, Psylla pyricola, codling moth, Cydia pomonella,
Esteem, pyriproxyfen, Comply, fenoxycarb, Pyramite, pyridaben, Surround, kaolin, Provado,
imidacloprid, AgriMek, abamectin, horticultural mineral oil, Mitac, amitraz, Confirm,
tebufenozide, Intrepid, methoxyfenozide, Success, spinosad, Avaunt, indoxacarb, Calypso,
thiacloprid

Pre-bloom pear psylla control. The pre- as well as post-bloom pear psylla control programs
have undergone major changes in recent years thanks to a number of new registrations. Since
1994, growers in the Mid-Columbia fruit-growing district have relied primarily on insect
growth regulators (IGRs) for pre-bloom pear psylla control: Comply (fenoxycarb} from 1994
to 1997 and Esteem (pyriproxyfen) since then. However, Esteern has been less effective than
Comply and growers have again begun to use some of the old pre-bloom insecticides such as
Asana (esfenvalerate) and Thiodan (endosulfan) for control of overwintering pear psylla
adults. There are still questions about the best use and timing of Esteem for early season pear
psylla control. During two years of field trials at the Mid-Columbia Experiment Station,
Esteem at pink and petal fall provided better control than earlier timings around delayed
dormant. If Asana or Thiodan were applied against overwintering adults at delayed dormant
followed by Esteem around bloom time, control was generally improved and extended into
early July.

Pyramite (pyridaben) is a promising insecticide for pear psylla control just before bloom. In
addition to pear psylla, Pyramite suppresses other pear pests including pear rust mite and
spider mites. Its pest spectrum is similar to Morestan’s which in the past was used at this
timing but is no longer available. In a demonstration trial at the Mid-Columbia Experiment
Station, Pyramite applied at pink (April 14) to a 2.2 acre Anjou pear block provided control
of pear psylia through April and May. From then on natural enemies, primarily predatory
plant bugs, lacewing larvae and earwigs, built up sufficiently to maintain pear psylla below
damaging levels for the rest of the season. No additional pear psylla sprays had to be applied
in this block and fruit at harvest was free of russet damage from pear psylla honeydew.

Another potential insecticide for pre-bloom pear psylla control is Surround, a kaolin clay
product. Surround produces a white coating which discourages pear psylla from laying eggs
similar to horticultural mineral oil. Although Surround has been shown to be quite effective
for pre-bloom pear psylla control, it has no effect on some of the other pests (e.g., San Jose
scale) which need to be controlled at that time of year. Surround has not been evaluated in
the Hood River district.

Post-bloom pear psylla control. The pre-bloom control programs growers are currently
using can be expected to provide pear psylla control through May and into mid to late June.
Hopefully, with renewed attention to adult pear psylia control in the pre-bloom period, the
time when pear psylla begins to build up and exceed economic thresholds can be extended
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even longer. Should pear psylla control become necessary during the summer, and it usually

does, growers have many more insecticides to choose from than they had just a few years

ago. Until the mid-1990s, the insecticide choices for pear psylla control for the foliar period

(bloom to harvest) were quite limited. Mitac (amitraz), insecticidal soap, and spray oils were

the only insecticides availabie until AgriMek (abamectin) became available under an ' >

- emergency exemption in 1988. Because of a broader pest spectrum and perception of better

activity against pear psylla, AgriMek became the preferred control option for most growers.

Mitac use declined even further between 1994 and 1998 when Comply reduced the need for -
pear psylla control during the summer. So far there are no indications of resistance

development to either Mitac or AgriMek in the Hood River district.

There are a number of new registrations for foliar pear psylla insecticides. Provado
(imidacloprid), a neonicotinyl insecticide, was registered in 1996, Pyramite in 1997, the
hydrophilic clay product Surround in 1998, and the IGR Esteemn in 1999. When these
products came on the market there was little information on how to use them for pear psylla
control. During the last two years field and laboratory studies were conducted at the Mid-
Columbia Experiment Station to compare the effectiveness of Provado, Pyramite, AgriMek,
Esteem and Mitac against pear psylla eggs, nymphs and adults in order to determine the best
fit in a seasonal control program, and asses their impact against natural enemies.

In laboratory studies, pear psylla adults were caged on pear leaves for 48 hours to obtain
freshly laid eggs on leaf tissue. Leaves with eggs were sprayed with field rates of Mitac,
AgriMek, Provado, Pyramite and Esteermn using a hand sprayer. In these tests Esteem and
Pyramite were more effective against pear psylla eggs than any of the other insecticides.
Provado and Mitac had low activity against eggs. However, AgriMek caused no egg
mortality. With the exception of Esteem, all insecticides in the tests controlled first instar
nymphs. There are also major differences in terms of adulticidal activity among the newer
insecticides. This was demonstrated in a replicated handgun trial on Anjou pears with a very
high pear psylla population. Mitac, Provado and Pyramite were compared in terms of impact
on different pear psylla life stages. Only Provado and Mitac caused an immediate reduction
in the adult pear psylla population while Pyramite had no effect on adults. Mitac, Provado
and Pyramite caused mortality primarily among the younger nymphs. A few nymphs made it
to the hardshell stage in the Pyramite treatment suggesting that Pyramite may not have the
persistence of the other materials. Horticultural minerai oil when added to the spray mix at
0.25 or 0.5% improved the performance of Provado for pear psylla control. However,
applying Pyramite with oil did not improve pear psylla control over Pyramite alone.

Codling Moth. There are several new insecticides with codling moth activity which may
have potential uses as supplemental controls in conjunction with mating disruption.
However, they are generally weaker materials and will not provide the same level of control
as organophosphates (OP) if used alone. The following materials have shown promise as OP
replacements for codling moth control in field and laboratory trials conducted over the last
few years at the Mid-Columbia Experiment Station: the ecdysone agonists Confirm
(tebufenozide) and Intrepid (methoxyfenozide); the juvenile hormone mimic Esteem
(pyriproxyfen); Success (spinosad); Avaunt (indoxacarb) and the neonicotinyl insecticide
Calypso (thiacloprid). In field tests, AgriMek has shown enough codling moth activity to
serve as a substitute for OPs in early cover sprays. Results of laboratory tests on the
susceptibility of different codling moth life stages to some of these newer insecticides will be
presented.
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Section 4 Chemical Control/New Products
EVALUATION OF NEW INSECTCIDES FOR CONTROL OF GRAPE MEALYBUG

J. E. Dunley, B. M. Greenfield, and L. H. Bennett
WSU-TFREC
1100 N. Western Avenue
Wenatchee, WA 98801
509-663-8181

Keywords: Acetamiprid (Assail.), azinphos-methyl (Guthion), CGA-293343 (Actara),
imidacloprid (Provado), phosmet (Thiodan), and YRC-2894 (Calypso);Grape
mealybug(Psuedococcus maritimus);Pears(Pyrus communis)

Acetamiprid (Assail 70WP, Rhone-Poulenc Co.), azinphos-methyl (Guthion SOWP, Bayer
Corp.), CGA-293343 (Actara 25WG, Novartis Crop Protection Co.), imidacloprid {Provado
1.6FL, Bayer Corp.), phosmet (Thiodan 70WP, Gowan Co.), and YRC-2894 (Calypso 480SL,
Bayer Corp.) were applied to Bartlett pear trees at CRO orchards near Rock Island, WA.
Individual plots were single trees replicated four times in a randomized complete block design.
The treatments were applied on 5 Apr for the first generation and 19 Jul for the summer
generation. Treatments were applied using a handgun sprayer operating at 400 psi. The
treatments were applied to drip simulating a dilute spray of approximately 400 gallons per acre.
Mealybugs were evaluated by counting their numbers on 5 spurs per plot up through 7 Jun.
Starting on 13 Jun to 10 Jul 10 spurs from the top half of each tree and 10 from the bottom half
of each tree were checked for mealybug crawlers. On 27 and 31 Jul, 20 leaves were taken from
both high and low in each tree and examined for mealybug crawlers. Starting again on 9 Aug
through 14 Sep, 10 spurs from high and 10 from low in each tree were again examined for
mealybug crawlers. The results of all of the counts are given in the table.

This study showed an apparently significant decrease in Gmb population with use of Assail at
both the high and low rate when compared to Guthion and Imidan. Both in the lower canopy and
in the upper canopy.

Repeated Measures for hi GMB

Source df Sums of Squares Mean Square  F-ratio Prob

- Const 1 877241 87724.1 20032 0.0001
Rep 3 8860.08 2953.36 6.7442 0.0010
Trt 12 26350.8 21959 5.0145 0.0001
Error 324 49830.7 153.799
Total 519 183592

Repeated Measures for lo GMB

Source df Sums of Squares Mean Square  F-ratio Prob
Const 1 33876.2 33876.2 119.43 0.0001
Trt 12 8182.27 681.856 2.4038 0.0210
Rep 3. 4852.76 1617.59 5.7026 0.0027
Error 612 42596.9 69.6028

Total 935 144241




Seasonal Means GMB Low

Season
al
! Mean
Treatment Rate Units 327 410 4718 4725, 51 5/8 5115 522 6/7 613 6/1 6/26 TA0 727 731 %9 87129 97 9/14 s
Control 95a 28a 05b 15a 053 13a 05a la 13a 133a B8a 5a205a 40a 1853 7 a 348a 27a 31.5a 2°
Actarra 4.50Z/A 8.5a 3.8Ba Il3a 13a 05a 5a 03al.a (Oa 1232 63a 632 0.3a 358a 34a229. b 12.5a1l.5a 48b bc
Actarra 550Z/A Ila 3.5a 1b 353 03a 6a 03a 1. a 052 255a213.5a 8a0.5a 553a 1152 3 b 343165a 178b a

Actarra+  5.50Z/A 16.5a 5a 03b 1.8a 0a la ©Ga0.a 1a 128all.8a 5a 0a 56.8a 245a 1 b 923a 83a 6.5b be
Saf-T-side 0.25% VIV

Calypso 4FLOZ/A 652 33a 2b la 0a 2a  0a ©Ca 1.8a 132 7.5a 8.5a 0.52 19.8a 85a25. b 155a 7a 85b be
Calypso BFLOZ/A 1352 05a 1.3b 38a 03a 73a 0a0. a 18 205a 752 8a 032 1582 55212 b 255a 4a 53b
Calypso + 4FLOZ/A  10a la 0b 2a ia 0.3a 0a l.a 15a B8B8a 88a 7.8a 0.8a 11.8a 133a27. b 22al15.3a 3.8b
Saf-T-side 0.25% V/V

Calypso+ 8FLOZ/A 11.8a 3.5a 03b 13a 0a 15a 13a0. a 1la 5a 3.5a 3.5a QOa 9a 55al7. b 7.5a 12a 105b de
Saf-T-side 0.25% V/V R

Provade 20FL OZ/A 732 2.3a 4b  0.5a ga 15a 03a a 182 133a 4a 8z Oa 35.5a 20.5a46. b 21.5a19.8a 5.5b ab
Guthion 3LB/A 85a 23a 1.8b 1.5a 0a 2.5a la 0.2 152 12a 45a25a 0a 43a 68a 1b 552 4a 6.8b de
Imidan TLB/A 12.3a la 23k 13a 05a 08a 0a 0. a 1.3a 10.52 8.5a 3.8a 03a 43a 03a 2. b 552 3a 03b  ef
Assail 007 LBA/A  63a 1.5a L3b 35.S5a 0a 13a 03a 2a 38z B83a 78a2.8a 0a 145a 15al3. b 23a 33a 38b ef
Assail DISLBA/A  38a 13z 23b la 03a 052 15a 0a 15a 53z 23a53a 0a 53a 15a 7.b 35a 232a 05b f
Means followed by the same letter are not significantly different. *= Post Hoc LSD

&8

Seasonal Means GMB High
Seasonal

Treatment Rate 613 6/19 626 01 727 31 89 829 97 914  Means
Control 16.3 ab 143 a 65 a 03 a335 232329853 27 ab365 ab218 a 2"
Actara 45 OZ/A 16320123 285213 21102105225 bcll8 b 178 287 b b
Actarz 55 OZ/A 16 abi78 a0 20 272331332653b 45 a 4352 115D a
Actara+ 5.5 OZ/A  1682bi03 a65 20 a6l al63alZ75bcl55b 175 ab105 b b
Saf-T-side ©.25 % VIV
Calypso 4 FLOZ/A 13.52b103 a53 20 2253335226 bcl38 b 193 ab11.8 b be
Calypse 8  FLOZ/A 20 2b198 268 205 a8l a85a98 c 183 b 113 a3 b bo

b cde

Calypso+ 4 FLOZ/A 83 b B3 a4 ald a168a 103a 185bc 113 b 14.5 ab 4.5
Saf-T-side 025 % V/V . :

Calypsot+ 8 FLOZ/A 13 ab125a83 a05 a23 a3 a%8 ¢ 108b 83 b6 b cde
Saf-T-side 025 % VIV

Provado 20 FLOZ/A 205 2b 168 a75 a05 a213293 a325bc2l3 b 19 ab9%5 b b
Guthion 3 LB/A 163 ab 10 a33 al al3 al8 2133bc28 b 168 ab43 b dc
Imidan 7 LB/A 55 b 11 a38ad a38ad a6 ¢ 38 b 58 b 05 b €
Assail 0075 LBAJA 2952 14 a63 a28 a473a35 ald3bcll8b 75 b 48 b be
Assail 015 LBA/A 93 b 9 228 a0 a75a28a25¢ 45 b 13 b1 b 3

Means followed by the same letter are not significantly different. *= Post Hoc LSD
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Section 4 Chemical Control/New Products
SEASONAL CONTROL OF CODLING MOTH IN PEARS

J. E. Dunley, B. M. Greenfield
WSU-TFREC1100 N. Western Avenue
Wenatchee, WA 98807 509-663-8181
Keywords: Codling moth(cydia pomenella);, Pears(Pyrus communis);Assail
(acetamiprid); Guthion(azinpho-methyl); Actara(CGA293343) Provado(imidicloprid); Thiodan
(phosmet);Calypso(YRC-2894)

These trials were conducted at the WSU Tree Fruit Research and Extension Center Smith Tract block 14 Bartlett
pears and Block 4 D’Anjou pears near Orondo, WA. Treatments were applied to plots that were three rows wide by
3 trees long replicated four times in a randomized complete block design. Treatments were applied with an airblast
sprayer calibrated to deliver 200 gallons of spray per acre on prebloom applications and 100 gallons per acre on
postbloom applications. The outer rows of each plot were sprayed inward only to control over spray to adjacent
plots. The middle row was sprayed from both sides to give good overall spray coverage. The Raynox treatments
were applied to single tree plots replicated four times using a handgun sprayer at 200 gallons per acre. All insect
counts were made on the middle tree of the middle row of each plot or in the case of the Raynox treatments on each
of the treated trees. The D’ Anjou plot was set up as follows: Guthion 50 WP was applied on a 21 day schedule for
both generations, Calypso 4 EC was applied on a 14 schedule for both generations. Calypso/Guthion was applied at
7 days 1% generation and 21 days 2™ generation. Calypso/Guthion 14 day 1% gen. 21 days 2™ gen. Calypso/Guthion
21 days both gen. Dimilin was applied 14 days 1% gen. and 21 days 2™ gen.Block 14 was sampled once at the end of
the season, block 4 was sampled twice, 6/30 & 9/11. 50 pears/replicate were examined for coddling moth entries. If
a tree had less than 50 pears, all pears were examined.

The Bartlett study was against a high population of coddling moth, this block had not had any treatment for codling
moth in a number of years. The full season application of Raynox provided significant control when compared with
the untreated check.

The D’ Anjou study examined timing of applications. Calypso provided control equal to the industry standard
Guthion. This shows the ability to replace organophosphates with a material able to provide suitable control of
codling moth.

Applications- Bartletts

Treatment Materials Rates  Dates Applied
Pre-Bloom surround  Surround 50 LB/A 24 Mar, 3 Apr, and 10 Apr

Post- Bloom Surround Surround 50 LB/A 24 Mar, 3 Apr, 10 Apr,25 Apr,S May,24 May,6 Jun, 27 Fun, 21 Jul

Full seasonSurround Surround 50 Lb/A 27 Jun & 27 Jul

Pre-Bloom Raynox Raynox 40 Lb/A 24-Mar

Post Bloom Raynox Raynox 40 Lb/A 24 Mar, 3 Apr, 10 Apr, 25 Apr, 9 May, 24 May, 6 Jun, 27 Jun, and 21 Jul

Full season Raynox - Raynox 40 Lb/A 25 Mar, 3 Apr, 10 Apr, 25 Apr, 9 May, 24 May, 6 Jun, 27 Jun, and 21 Jul

Results-Bartletts

Treatment % Infested
Control 81.48
Conventional/Surrround 77.53
Surround 56.6
Raynox/conventional 34.78
Conventional/Raynox 27
Raynox 25
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Applications- D" Anjou’s

Control

Guthion S50 WP  2Lb/A 21 DAY BOTH GEN 5/18,6/7,7/19,8/8

Calypso 4EC 4 Fl Ozfa 14 DAY BOTH GEN 5/11,5/24,6/7,7/1,7/21,8/2
Calypso 4 EC 4 F1Oz/a 7 DAY 18T GEN 5/11,5/18,5/24,6/1,6/7,7/19,8/8
Guthion S0WP 2Lb/A 21 DAY 2ND GEN 7/19,8/8

Calypso 4 EC 4 F10z/a 14 DAY 18T GEN 5/11,5/24,6,7

Guthion S50WP 2Lb/A 21 DAY 2ND GEN 7/19,8/8

Calypso 4EC 4F10z/a 21 DAY 18T GEN 5/11,6/1

Guthion SOWP 2Lb/A 21 DAY 2ND GEN 7/19,8/8

Dimilin 25WP 1Lb/A 14 DAY 1ST GEN 5/11,5/24,6/7

Dimilin 25WP  1Lb/A 21 DAY 2ND GEN 7/7,7127

Results- D’Anjou’s % Infested

Treatment " 6/30 9/11 Means

Control 22 445 a

Guthion 1.5 1 c

Calypso 3 1 c

Calypso/Guthion 0.5 15 ¢
Calypso/Guthion 3.5 4 be
Calypso/Guthion 6 3.5 be
Dimilin/Dimiln 7.5 125 b

means followed by the same letter are not significantly different




Chemical Control/New Products

CALYPSO & INTREPID FOR CONTROL OF CODLING MOTH
Michael Reding & Diane Alston
Utah State University, Department of Biology, 5305 Old Main Hill, Logan, UT 84322-3305

Keywords: Apple, Calypso (thiacloprid), Intrepid (methoxyfenozide), codling moth (Cydia
pomonella), Twospotted spider mite (Tetranychus urticae), Galandromus occidentalis (Typh),
aphid natural enemies

Objective. To evaluate the efficacy of two mew insecticides, Calypso (thiacloprid;
Bayer) and Intrepid (methoxyfenozide; Rhom and Haas), for control of codling moth in apple as
compared to an industry standard insecticide, Guthion (azinphosmethyl; Bayer). In addition, to
evaluate the influence of these materials on populations of phytophagous mites, predaceous
mites, aphids, and their natural enemies.

METHODS

This trial was conducted in a 10-year-old, 2 acre block with a mixture of apple cultivars
(Dixiered, Gala, Idared, Jonathan, Mutzu, Prime Gold, Supreme, Ultrastripe) at the Utah State
University research farm in Kaysville, UT. This was a large block trial with replications 3 rows
wide and 7 trees long. Experimental design was randomized complete block with 4 treatments
and 4 replications. Insecticides were applied by airblast sprayer at 70-80 gallons/acre.
Treatments: /st cover applied at 250DD after biofix. 3rd cover (4th cover Calypso) applied
1260 DD after biofix.

1). Calypso 4F (Thiacloprid) @ 4 fi oz/acre, 6 cover sprays (ca. 14-d interval)

2). Guthion-Intrepid rotation: Guthion 50W (azinphosmethyl) @ 2 Ib/acre (1st & 3rd

cover sprays), Inirepid (methoxyfenozide) @ 1.1 Ib/acre (2nd & 4th cover sprays)

3). Guthion 50W (azinphosmethyl) @ 2 Ib/acre (standard program, 4 cover sprays)

4). Untreated -

Populations of spider mites, predaceous mites, green apple aphids, and aphid natural
enemies were surveyed. Fruit were evaluated at harvest maturity (ca. 100 fruit per
cultivar/replication).

RESULTS :

All three insecticide treatments had significantly less codling moth damage than the
untreated check (Table 1). Overall, percentage of fruit damaged was high in the untreated trees
(22%, all cultivars combined), and damage levels differed among cultivars. There were no
differences in performance of insecticides among cultivars.

Populations of twospotted spider mite (7. wurticae) were significantly higher in the
Calypso treatment than in other treatments (Table 2), but predaceous mite (G. occidentalis)
populations were not different (Table 2). Populations of Aphis pomi (green apple aphid) were
similar among treatments. The Calypso and Guthion treatments significantly reduced
populations of Campylomma verbasci and total aphid natural enemies versus Guthion/Intrepid
rotation and Untreated.

87




| Table 1. Percentage fruit injury at harvest for all cultivars and trees (center and border)
| sampled on 30 August and 12 September 2000.
|

| Percentage of Fruit*
| Treatment Larval Entries Stings Entries+Stings # Fruit Sampled

Calypso 1.34 b 0.28a 1.62 b 3,015
Gut/Intrepid 0.67 b 028 a 095 b 2,932 -
Guthion 029 b 023a 052 b 2,750
Untreated 21.83a 0.68a 22.51a 2,972
P>F <0.0001 0.150 <0.0001 11,669

*Means followed by the same letter within a column are not significantly different (P<0.05)
using Tukey’s studentized range test.

Table 2. Mean number of mites per 10 leaves on 26 July and 8 August, 2000 and ANOVA
results for comparisons among insecticide treatments.

Mean number of mites per 10 leaves*

Date Treatment  TSSM+ ERM Typh Zet Prey:Pred Ratio

26 Jul Calypso 88.5 7.8 39.6 0.8 2.38
Gut/Intrepid 9.8 1.5 17.3 7.3 0.50
Guthion 28.0 43 27.1 7.3 0.94
Untreated 1.0 14.3 15.8 4.0 0.77

8 Aug Calypso 11.8 9.3 17.5 23 1.07
Gut/Intrepid 0.0 3.8 11.3 53 _ 0.23
Guthion 0.0 0.3 8.8 20 0.03
Untreated 0.0 0.0 13.8 - 53 0.0

Repeated Measures ANOVA

Source ' P values for each variable

Treatment 0.002 0.538 0.257 0.328 0.021

Date 0.005 0.411 0.046 0.385 0.052

Date x Trt. 0.152 0.482 0.797 0.755 0.666

Block 0.466 0.727 0.277 0.139 G.683

*Includes all life stages of mites (mobile immatures and adults and eggs).
+TSSM=twospotted spider mite, ERM=European red mite, Typh=Typhlodromus, Zet=Zetzellia .
and Prey:Pred Ratio=Ratio of prey mites (TSSM+ERM) to predaceous mites (Typh+Zet).
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Section 4. Chemical contrel/new preducts

FURTHER INVESTIGATIONS IN THE MANAGEMENT OF SAN JOSE SCALE
WITH NARROW RANGE HORTICULTURAL OIL

Walt Bentley, Lee Martin, Dick Rice, Brian Ribeiro, and Kevin Day
University of California Kearney Agricultural Center and Tulare County Cooperative Extension
0240 S. Riverbend Ave., Parlier, CA 93648

This study was initiated in 1999 to evaluate the efficacy of narrow range horticultural oils
applied during the delayed dormant period to plums for control of San Jose scale (SJS)
(Quadraspidiotus perniciosus). In 1999, either Volck Supreme or Orchex 692 oil applied at the
green tip stage of growth (8 gallons of oil in 400 gallons of water per acre) gave significantly
better (P<0.05, Fisher's Protected LSD) control of SJS than no treatment (Bentley et al, 1999).

" Infestation of Black Amber cultivar did not exceed 1.50% with either oil (untreated check

10.75%). Infestation of the Queen Rosa cultivar was less than 5% (untreated check 14%).
Additionally, in August harvested Royal Diamond and Rosemary cultivars, there was a
significant (P<0.05, Fisher's Protected LSD) interaction between the efficacy of oil spray, as
measured by harvest infestation, and the abundance of SJS measured by the previous years
infestation.

In 2000 we further studied the efficacy of a delayed dormant oil application (8 gallons of Exxon
100 Dormant Spray Oil) on SJS fruit infestation of these same cultivars, as influenced by the
volume of water/oil mixture applied.

Methods and Materials

The 2000 study was done in a 3.5-acre block of mid-June-harvested plums (Black Amber and
Queen Rosa cultivars) and late-July harvested plums (Royal Diamond and Rosemary cultivars).
On February 11, individual plots of trees were sprayed with 8 gallons of Exxon 100 Dormant
Spray Oil in either 100 gallons or 400 gallons of spray mixture or left untreated. Treatments
were made with an FMC air carrier sprayer driven at 2 mph. The desired volume per acre was
achieved by changing nozzle size. The individual plots of the mixed Black Amber and Queen
Rosa plums consisted of 64 trees and treatments were replicated four times in a randomized
complete block design. Harvest (200 fruit from central trees from each plot) occurred on
6/16/2000 (Black Amber) and 6/21/2000 (Queen Rosa). An analysis of variance was performed
on the number of SJS infested fruit.

Two experiments were performed in the late July harvested plums. Individual plots were smaller
than that used in the earlier harvested fruit and consisted of 30 trees. Using four replicates, one
trial was designed to compare the 100-gallon per acre rate, the 400-gallon per acre rate, and an
untreated check. A randomized complete block design was used. A paired experimental design
was also evaluated where 10 replicated treatments were used to compare the efficacy of 100 and
400 GPA in reducing SJS infestation. The additional replicates allowed for a more powerful test
of the efficacy of the two treatments. The late harvested plums were Royal Diamond (harvested
7/26) and Rosemary (harvested 7/28) cultivars. The determination of infestation for each variety




was made by sampling 200 fruit from the central two rows of trees in each plot. An analysis of
variance measuring the number of scale infested fruit was performed in both experiments. In all
evaluations a single scale on a fruit would classify it as being infested.

Results

Both the 100 GPA and 400 GPA treatments gave significantly (P<0.05, Fisher’s Protected LSD)
better control SJS than the untreated check. There was no difference between the 100 and 400
GPA treatments. Infestation in the Black Amber cultivar was 0.88, 1.38, and 14.38% for the 400
GPA treatment, the 100 GPA treatment and the untreated check respectively. Infestation in the
Queen Rosa cultivar was 1.50, 2.50, and 15.13% for the 400 GPA, 100 GPA, and untreated
check respectively. The Royal Diamond harvest infestation was 5.5, 13.63, and 19.88% for the
400 GPA, 100 GPA, and the untreated check respectively. The 400 GPA treatment resulted in

significantly (P<0.05) fewer scale infested fruit than the untreated check. The 100 GPA

treatment was not significantly different (P<0.05) from the 400 GPA treatment or the untreated
check. Infestation on Rosemary at harvest was 5.00, 7.75, and 18.75% for the 400 GPA, 100
GPA, and untreated check treatments respectively. Both the 400 GPA and 100 GPA treatments
resulted in significantly (P<0.05) fewer infested fruit than the untreated check. There was no
difference between 400 GPA and 100 GPA treatments.

The 10 replicate paired comparison between the 400 GPA and 100 GPA treatments resulted in a
highly significant (P<0.01) difference in scale infested fruit for both the Royal Diamond and
Rosemary cultivars. For Rosemary plums, the 400 GPA treatment resulted in 4.55% infested
fruit and the 100 GPA treatment resulted 11.2% infested fruit. The Royal Diamond plums had
8.85 and 13.4% infested fruit in the 400 and 100 GPA treatments respectively.

Discussion

The 2000 study established the benefits of a narrow range superior horticultural mineral oil
{Exxon 100 Horticultural Spray Oil) in reducing San Jose scale infestation in four cultivars of
plum. This confirmed work done in 1999 showing similar efficacy. There was no clear
difference in infestation based on the volume of spray mixture applied to plums when four
replicates were used to evaluate treatment effects. :

Where additional replicates were evaluated, in a paired comparison, in each of two late July

harvested cultivars, clear differences were seen between 100 and 400 GPA in reducing SJS

ifestation. Ten replications result in a more sensitive statistical test. Because of non-uniform

infestation by SJS throughout the test orchard, additional replications are needed to establish

significant differences. ' v

Horticultural mineral oils can be used to manage SJS in plums with acceptable efficacy against

SJS. There are a number of benefits to using such a program. First, the use of oil alone reduces '
the cost of the pesticide to the grower. Unless SJS populations are extreme, an 8-gallon rate of

oil can be applied with minimal infestation at harvest, eliminating the need for an

organophosphate or insect growth regulator. Secondly, horticultural mineral oils can be used to

combat insecticide resistance. Oils physically smother the insect; efficacy is not dependent upon
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the detoxification ability of the target pest. Thirdly, oils can be used safely with minimal hazard
to those applying the spray. Also, horticultural mineral oils are allowable for organic farmers.
Based on the results obtained with paired comparison of 100 & 400 GPA, using 10 replications,
fruit harvested after the end of June should be sprayed with the higher volume of spray mixture.
This may not be needed for fruit harvested in June. Later harvested fruit is exposed to at least
one and possibly two additional generations of SJS. The greater volume of spray mixture
appears to give better coverage of wintering scale, in the parameters of this study. The greater
time needed to apply a 400 GPA mixture is a disadvantage. If a farmer contracts with a private
applicator the additional application time will cost more.
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Chemical Control/New Products

MANAGEMENT OF CODLING MOTH WITH DA2313: A BISEXUAL
ATTRACTANT

Dr. Alan Knight (USDA, ARS, Wapato, WA),
Dr.Doug Light (USDA, ARS, Albany, CA)
and Dr. Scott Lingren (Trece Inc., Salinas CA)

Key Words: Cydia pomonella, kairomone

The use of the potent and selective kairomone, DA2313 to directly control codling moth
has been investigated during the past two years. The original approach was to
incorporate this compound into a paste droplet. These studies demonstrated some
effectiveness but we found that moths, especially females, rarely touched the droplets.
More recent studies are focusing on the development of a bait station that is topically
treated with a synthetic pyrethroid insecticide. Optimization studies are continuing to
develop a highly effective bait station which will be tested this season.
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Chemical Control/New Products

ASSAIL A NEW TOOL FOR CODLING MOTH CONTROL
Brian Deeter/Mark Parrish, Aventis CropScience, Research Triangle Park, NC

Keywords: Assail (Acetamiprid); Pome Fruit; Codling Moth (Cydia pomonella); Woolly Apple
Aphid (Eriosoma lanigerum); Rosy Apple Aphid (Dysaphis plantaginea); Green Apple Aphid
(Aphis pomi); Efficacy.

Introduction: _
Assail (Acetamiprid) was originally discovered by Nippon-Soda and is currently
marketed in the United States by Aventis CropScience. Acetamiprid is registered worldwide

" under the trade names Mospilan and Rescate (Mexico) on a variety of crops and numerous pest

species. Assail is a nicotinic receptor agonist that interferes with the sodium ion flow disrupting
the insects nervous system. The target insect species is impacted through both contact and
ingestion routes. Assail is applied as a foliar material and is highly systemic providing quick
knock down with residual control dependant on rates used. Assail is not effective when applied
as a soil drench due to its short residual in soil. Assail is very safe to bees and was granted
reduced risk status based, in part, on this. Populations of some beneficial species such as
coccinelids are impacted by Assail while others such as lacewings, predatory mites and parasites
show little or no effect. k

Research conducted from 1992 to present indicate excellent activity on a wide range of
insect pests including Codling Moth, aphids, leathoppers, whiteflies and mealybug. Early
screening trials evaluating aphid activity also showed positive Codling Moth results in the form
of reduced percent damaged fruit. Subsequent small plot pome fruit trials identified excellent
control of both Codling Moth and aphids. In 2000, trials were designed to specifically evaluate
the impact of rate on Codling moth, aphid and secondary pest control in a large plot
environment.

Materials and Methods: -

Four trials were arranged in the major apple production regions of Washington. Trial site
locations included Wenatchee (two sites), Yakima and Ephrata. With the exception of the
Ephrata site, all locations included an untreated check for comparison. All locations utilized
Guthion as the commercial standard for efficacy comparison. Two trial locations used 3
replicates in a randomized complete block designed and two trials utilized 4 sub-samples per
treatient for efficacy evaluations.

All treatments were applied with commercial application equipment. Volumes ranged
from 100 to 200 gallons per acre and 120-165 psi. Application timings were based on the
Codling moth heat unit biofix model (degree-days) developed by Washington State University
and/or adult trap data.

Codling moth evaluations consisted of 1-2 measurements of Codling moth infested fruit
following the second and/or last (4™ ~5%) application. Aphid data was collected at one of the four
locations and is reported as aphids per leaf. Additionally, Pandemis Leafroller, Western
Tentiform Leafminer and White Apple Leathopper were evaluated at one location, but are not
summarized in this report.
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Results and Discussion: _

Assail applied at rates of 0.1 to 0.15 1b ai/a, as a four to five treatment, full season
program, provided Codling moth control comparable to Guthion at 1.0-2.0 1b ai/a. Untreated
infestation levels of Codling moth ranged from 28 to 65 percent across the four locations at final
evaluation. In addition to Codling moth control Assail, at above rates, also provided 95-100
percent Woolly Apple Aphid, Green Apple Aphid and Rosy Apple Aphid control. Codling moth
and aphid control by trial location:

Wenatchee 1: After 2 applications both Assail at 0.15 and Guthion at 1.0 b ai/a had very little
codling moth injury, 0.33% and 0% respectively at the first rating. The second rating resuited in
2.5% and 1% codling moth injury (stings and entries) for Assail and Guthion respectively. The
untreated averaged 4.05 and 28.5% codling moth injury at the first and second ratings

respectively

‘Wenatchee 2: The first rating (2 applications) resulted in 1.3% and 0% codling moth injury for

Assail at 0.15 and Guthion at 1.0 1b ai/a respectively. Average codling moth injury in the Assail
plots was 5.5% and 2.3% in the Guthion plots at the second rating. The untreated averaged 18
and 55% codling moth injury at the first and second ratings respectively.

Yakima: Codling moth injury after three applications of Assail at 0.1 and Guthion at 2.0 Ib ai/a
was 3.5% and 1.4% respcctlvely, with the untreated averaging 5.4% damaged fruit. The second
evaluation, 31 days after the 5™ apphcatwn of Assail at 0.1 and Guthion at 2.0 Ib ai/a, showed
13.7% and 6.4% codling moth injury respectively, while the untreated averaged 65% damage.
Ephrata: A final evaluation of codling moth injury indicated 0.3 and 1.0% damaged fruit for
Assail at 0.15 and Guthion at 1.0 1b ai/a respectively. Aphid numbers, per leaf, in the Assail plots
were 0 for Rosy Apple Aphid, Green Apple Aphid and Woolly Apple Aphid. Aphid numbers in
the Guthion plots were 70, 58.8 and 13.8 for the Rosy Apple Aphid, Green Apple Aphid and
Woolly Apple Aphid respectively. Aphid evaluations were obtained 5 days after the last of 4
applications of both Assail at 0.15 and Guthion at 1.0 1b ai/a.
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Mesa: A New Miticide/Insecticide for Use in Pome Fruit

Gary Melchior
Gowan Company
Yuma, AZ

Mesa™ is the trade name for a new miticide/insecticide containing 1% milbemectin as the
active ingredient. The product formulation being introduced is a 1% EC containing 0.0775
pounds active ingredient per gallon. Milbemectin is a naturally derived product that belongs
to a family of compounds called milbemycins, a group of compounds that were first isolated
from soil actinomycetes over 30 years ago.

Milbemycin chemistry is closely related to
the avermectins. Both share a core rigid
16 member macrolide ring structure. The
difference 1s that avermectin has a
disaccharide attached at the C13 position
(11:00 position between the methyl
groups in the diagram at right).
Milbemectin is actually a mixture of two
isomers (A3 and A4) that differ only in a
methyl and ethyl substitution at C25.

Milbemycins were first isolated in 1967 in Hokkaido, Japan. In search for novel insecticide
molecules, several analogues from these isolations were discovered to be active.
Milbemectin (mixture of analogues A3 and A4) was selected for development as an acaricide
in 1983. The first commercial launch of this active was as Milbeknock 1% in 1990 i Japan
(tea and eggplant). It was subsequently registered as Koromite 1% EC in 1993 on pear,
peach, watermelon, strawberry, and eggplant. Currently, milbemectin is registered in 8
countries, and is pending in the United States. Pending US EPA registrations are expected
for ornamentals in 2001, and for apple, pear, and strawberry in 2002. Milbemectin (Mesa) is
approved as a reduced risk pesticide by US EPA.

Mesa has broad-spectrum acaricidal activity against many economically important mite
species, including Tetranychids, Eriophyids, and Tarsonemids. In the Pacific Northwest,
important pest species include European red mite, twospotted spider mite, McDaniel spider
mite, and pear rust mite. Mesa also has some insecticidal properties, however these are
relatively limited. Noteworthy susceptible insect pests include western tentiform leafminer,
white apple leafhopper, and pear Psylla.

Toxicologically, Mesa is a very safe product and has an excellent mammalian toxicity
profile. The active ingredient is acutely toxic to aquatic organisms, but due to its very short
environmental persistence (by UV degradation) it is not expected to bioaccumulate. Mesa is
practically non-toxic to birds. It is toxic to bees by direct exposure, but due to short
persistence and rapid absorption by plant tissue a low toxicity condition should exist shortly
after application.
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Mesa is active against all stages of susceptible mites, with highest activity to immature
motile stages, and slightly lower activity to eggs and adults. The mode of action is believed
to be the same as avermectins, i.e., as a neurotoxin by affecting chloride channel agonist in
GABA mediated neurotransmission. Affected mites undergo rapid paralysis, reduction in
feeding, and eventual death. Additionally, Mesa causes longer-term effects on female mites
by reducing reproduction of survivors. Once applied, Mesa is absorbed and demonstrates
translaminar movement similar to avermectin. Bioassays indicate that milbemectin exhibits
no cross-resistance to strains resistant to pyridaben, fenpyroximate, clofentazine,
hexythiazox, fenpropathrin, dicofol, amitraz, and fenbutatin oxide. Cross-resistance to
avermectin appears possible, but bioassays conducted by Gowan and Sankyo indicated no
reduced susceptibility of avermectin-resistant mites to milbemectin.

In the Pacific Northwest, since 1993 there have been 8 trials with Mesa in apple, and 26 trials
in pear. Of these, 6 apple tests and 17 pear tests were on mites. Although Mesa is
predominantly a miticide, a few studies were done on tentiform leafminer and pear Psylla.
Mite trials were directed against twospotted mite in most cases, and applied according to
economic threshold. Experimental rates of the product ranged from 20 — 80 {l. oz. per acre,
with a more recent focus on a usage range of between 25 and 35 fl. oz. per acre. Spray
volumes ranged from 100 — 400 gpa, either by hand gun or airblast. In all cases, direct
comparisons were made to Agri-Mek 0.15 EC, the closest type product, at recommended or
customary rates. Observations were made on overall mite control and residual activity. In
summary, Mesa provided excellent mite control at rates between 25 and 35 fl. oz. per acre.
This rate range was comparable to Agri-Mek at between 12 — 16 fl. oz. per acre. Residual
control averaged 30 — 40 days, although in many cases applications were made late in the
season and full residual could not be measured. Addition of oil generally improved efficacy.

Summary of Mite Tests in Apple (5 TSM Trials) Pear Tests: 30 fl. oz. Milbemectin vs. 16 fl.

oz. Agri-Mek in same trials
B Avg. Control Ratie™
M Avg. Residual-Day

35
30
25
P
15
10

5

1 Avg. Control
Ratis*

W Avg. Residual-|
Days

Agri-Mek-16 oz,

Against other arthropod pests, Mesa gave very good control of pear rust mite in two tests and
was equivalent to Agri-Mek. Equivalent control of western tentiform leafminer in apple was
also achieved in two trials, but at rates of 40 fl. oz. per acre or higher. Mesa will suppress
pear Psylla for 14 — 21 days at rates of 40 — 60 fl. oz per acre.
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WARRIOR T FOR CONTROL CF CODLING MOTH, WESTERN TENTIFORM LEAFMINER,
AND ROSY APPLE APHID ON APPLES AND EFFECTS ON MITES

Kurt Velker and BAaron Burkey
Syngenta Crop Protection
7610 Scenic Drive, Yakima, WA 28208
kurt.volkerf@syngenta.com

Objectives:
1. Evaluate efficacy of WARRIOR T against major insect pests of pome fruit
and effect on % marketable crop (compared to standard and untreated check).
2. Evaluate effects on mites and other secondary species.
3. Evaluate crop safety.

Treatment List:

1 UNTREATED CONTROL

2 A GUTHION 0.5 lbai/a
B WARRIOR T 0.01 1bai/RA
C  GUTHIOK 0.5 Ibai/A
D WARRIOR T 0.01 lbai/a
E WARRIOR T 0.01 lbai/a

3 A GUTHION 0.5 lbai/a
B WARRIOR T 0.02 lbai/a
C GUTHION 0.5 lbai/a
D WARRTOR T 0.02 lbai/a
E  WARRIOR T 0.02 lbai/a

4 A GUTHION 0.5 lbai/a
B WARRIOR T 0.03 1bai/a
c GUTHICN 0.5 lbai/a
D WARRICR T 0.03 lbai/a
E WARRIOR T 0.03 1bai/a

5 A  GUTHION 0.5 lbai/a (5 applications}

Application Detajls:

Date Operator Time Temp Dew Wind
A 22-MAY-00 Aaron Burkey 5:00 a 54F N 0 mph
B 16-JUN-00 Baron Burkey 8:30 a 58F N 0 mph
€ 28-JUN-00 Baron Burkey 10:00 a 71F ) 2 mph W
D 19-JUL-00 Raron Burkey 7:00 a 61F N 0 mph
E 15-AUG-00 Aaron Burkey 8:00 a 66F N 0 mph
180 gal/A @ 75 psi
Results (data analyvzed by ANOVA & reported as simple means)
Rosy apple aphid Codling moth Leafminer
Date: 06/19/00 06/24/00 09/13/00 09/13/00
Target Code: DYSAPL DYSAPL CARPPO LITHSP
Asm Location: LEAF LERF FRUIT LEAF
Asm Type: CONTROL CONTROL CNT.TUNNEL CNT.TUNNEL
Asm Units: % % No. No.
Obs Basis: 5 5 50 25
Obs Units: leaf leaf fruit leaf
Trtmt No
1 0.0 B 6.0 B 3.75 A 63.30 A
2 93.3 2 90.0 B 0.50 B 4.50 B
3 100.0 & 106.0 A 0.25 B 2.50 B
4 93.3 A 100.0 2 0.25 B 0.25 B
5 66.7 A 63.3 2 0.25 B 72.00 A
Zetzellia sp. Predator mite
Date: 6/13/00 07/1%/00 08/14/00 09/11/00
Asm Location: LEAF LEAF LEAF LEAF
Asm Type: PEST.CNT PEST.CNT PEST.CHNT PEST.CHT
Asm Units: No. Ne. No. No.
Obs Basis: 25 25 25 25
Obs Units: leaf leaf leaft leaf
Trtmt No
1 0.01 B 0.44 B 1.00 & G.7¢ A
2 0.02 B 0.04 C 0.1z B 0.00 B
3 0.00 B G.04 C 0.08 B .00 B
4 0.11 A G.00 c 0.04 B 06.00 B
5 0.12 2 ¢.84 A 0.68 BRB 6.72 A
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Metaseiulus predator mite

2asm Label: egg mobile egg mobile egg mobile egg
Date: 6/13/00 06/13/00 07/18/00 Q7/12/00 08/14/00 08/14/00
09/11/00
Target Code: METSSP METSSP METSSP METSSE METSSP METSSP METSSP
Asm Lecation: LEAF LEAF LEAF LEAF LEAF LEAF LEAF

Asm Type: PEST.CNT PEST.CNT PEST.CNT PEST.CNT PEST.CNT PEST.CNT
PEST.CNT

Asm Units: No. No. No. No. No. No. No.
Obs Basis: 25 25 25 25 25 25 25
Cbs Units: leaf leaf leaf leaf leaf leaf leaf
Trtmt No
0.00 0.02 0 0.20 1] ¢ 0
2 0.00 0.01 0 0.04 0 8 0
3 0.00 0.00 ¢ 0.00 0 0 4]
4 .01 0.00 8] 0.90 0 0 0
5 .00 0.02 0 0.20 0 0 0
European Red Mite
RMEG1 ERM1 ERM2 RMEG2 RMEG3 ERM3 RMEG4 ERM4
Date: 6/13/00 06/13/00 07/19/00 g7/19/00 08/14/00 08/14/00 09/11/00
09/11/00
Trtmt
1 0 0 0.04 0.0 0.08 G.00 1.1e 0.08
2 o] o] 0.16 0.48 6.84 0.60 6.00 1.44
3 0 0 0.00 0.60 6.12 0.68 2.72 0.28
4 0 0 0.00 0.00 2.48 0.08 0.68 0.28
5 0 0 0.00 Q.00 0.48 0.00 0.68 0.28

Mean number/leaf based on 25 leaf sample
RMEG = European red mite egg
ERM = Furopean red mite

Results and Discussion

Warrior T at 0.01, 0.02, and 0.03 lb ai/A was applied in a program incorporating early season
applications of Guthion for insect control in apples. Warrior was alternated with Guthion in
& program to allow early season Guthion use and extend the PHI for Guthion. The
Warrior/Guthion program was contrasted with a straight, conventional Guthion program.

Warrior T at all rates provided excellent control of rosy apple aphid. Guthion did not contreol
this pest.

Warrior T provided dramatic control of western tentiform leafminer compared to the Guthion
program, which was no different from the untreated check for this pest. Both Warrior
T/Guthion and Guthion programs gave excellent control of codling moth, the primary pest of
apples:

Very important was the absence of mite flare-ups, which are often seen, with use of pyrethroid
insecticides in tree fruit. Zetzellia and Typhlodromus {(Metaseiulus) predator mites were
absent or low in all Warrior T treatments. However, the level of two—spotted spider mites and
Eurcpean red mite (ERM) was also low in the Warrior T treatments with these phytophagous mites
being comparable or at lower levels numerically than the untreated or Guthion program.
Although not statistically significant, there was a numeric trend for higher levels of ERM
mobiles and eggs in Warrior T at 0.01 and 0.02 1b ai/A compared to Warrior T at 0.0G3 1b ai/A.
This is suggestive of good suppression or control of mites by Warrior T.
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Chemical Control/New Products

PEAR PSYLLA PREBLOOM CONTROL OPTIONS

Richard J. Hilton and Philip VanBuskirk
OSU-SOREC, 569 Hanley Rd., Medford, OR 97502

Keywords: Dimilin, diflubenzuron, Esteem, pyriproxifen, horticultural mineral oil,
Orchex 796, Pyramite, pyridaben, Surround, kaolin, particle film, pear psylla, Cacopsylla
pyricola, pear

Three replicated trials were conducted during the prebloom period in 2000.
Esteem, two formulations of Dimilin, and Surround were compared in one trial, Esteem
and two rates of Pyramite were compared in another trial, and in a block with a high
population of pear psylla, Esteem, Pyramite and Surround were compared. In all cases, a
single application was made at the pink stage using an air-carrier sprayer. The sampling
methods used to evaluate the treatments were: cluster examination, beating tray, and leaf
brushing. While pear psylla was the target organism, data on other pests and natural
enemies was also collected.

A bioassay was developed using dormant pear wood to test the effect of Surround
on deterring oviposition of pear psylla. One year old dormant shoots were pruned off
prior to pear psylla egg laying and held under refrigeration in the laboratory and were
subsequently used as a substrate when overwintering pear psylla reentered the orchard in
the spring. The effect of Surround on deterring oviposition was compared to the standard
treatment with horticultural mineral oil (Orchex 796) and an untreated check. Adult pear
psylla were field collected and caged on treated shoots for three days and the number of
eges laid per shoot was then evaluated. A series of concentrations of both Surround and
horticultural mineral oil were tested using this technique.

Results and Discussion

In all three trials the Esteem treatment had significantly fewer pear psylla nymphs
in the cluster leaf samples which were taken from petal fall to the beginning of June
(Table 1). The Esteem treatment resulted in the lowest number of pear psylia nymphs and
the highest number of pear psylla eggs in all three trials. The high number of pear psylla
eggs is due the egg sterilization effect of Esteem. Both formulations of Dimilin reduced
the level of nymphs to a significant degree, similar to Esteem. The nymphal level
observed in the lowest rate of Pyramite tested, 8.8 0z/A, was significantly lower than the
control but higher than Fsteem, but higher rates of Pyramite were not significantly
different than Esteem. In both trials where Surround was tested, no significant reduction
of pear psylla nymphs was observed. A single application of Surround at pink is not
sufficient to provide control of pear psylla as foliage is rapidly expanding at that time.

The deterrent effect of Surround and horticultural mineral oil (HMO) on pear
psylla oviposition, using the dormant shoot technique described above, is shown in
Figure 1. Both Surround and HMO treatments produced a significant deterrent effect,
although the HMO was consistently more deterrent, particularly at low concentrations.




Table 1. Pear psylla nymphs and eggs per leaf, post treatment means (4/12-6/2), 2000

Trial #1
Material
Surround WP
Dimilin 2L
Dimilin 25W
Esteem 0.86EC
Check

Trial #2
Material
Pyramite 60W
Pyramite 60W
Esteem 0.86EC
Check

Trial #3
Material
Surround WP
Pyramite 60W
Esteem 0.86EC
Check
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Figure 1. Effect of Surround WP and Orchex 796 on pear psylla oviposition, field rate

for Surround WP is 25 1b/100 gallons and for Orchex 796 is 2% v/v.
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EVALUATION OF TWO NEW ACARICIDES IN PEAR

Richard J. Hilton and Philip VanBuskirk
OSU-SOREC, 569 Hanley Rd., Medford, OR 97502

Keywords: Acramite, bifenazate, UCC-D2341, Agrimek, abamectin, etoxazole,V-1283,
twospotted spider mite, Tetranychus urticae, pear

Two trials were conducted mid to late season in 2000. In the first trial, materials
were applied to ten year old Comice pear trees (5m x 3.5m), on July 19" with a small
plot speedsprayer. All treatments were applied to four single tree replicates at a spray
volume of 173 gallons per acre. Three rates of V-1283 and two rates of Acramite (UCC-
D2341) were compared to a standard treatment of Agrimek and an untreated control. The
second trial, which was not replicated, was applied on Aungust 10® by speedsprayer (183
gpa) and compared Acramite to an Agrimek standard and an untreated control.
Treatments were applied to a row of Seckel pear trees, approx. thirty years old and
planted in a 12° x 24’ spacing. In both trials cluster leaves were sampled and brushed to
determine the level of twospotted spider mite (TSM).

Results and Discussion

In the first tnal Acramite and V-1283 gave effective control of TSM following
treatment (Table 1). On six of the eight sample dates after treatment, the experimental
compounds had significantly lower levels of TSM motiles than the check. Agrimek was
also effective although on the final sample date, Sept. 12, Agrimek was the only
treatment where TSM motiles were not significantly lower than the check. In the second
trial, TSM levels in the check climbed to a maximum of 32 motiles per leaf, while
treatment with Acramite resulted in very low numbers of TSM for the duration of the
sampling which was terminated at the end of September. As seen in this trial, late season
treatment with Agrimek often provides only limited control of TSM. '

Table 1. Twospotted spider mite motiles per leaf, post treatment means, 2000

Trial #1 Trial #2

Material Rate form/A TSM/leaf Material Rate form/A TSM/leaf
V-1283 72WDG  0.091b 0.15a Acramite 50WP 1.01b 0.30
V-1283 72WDG  0.1251b 0.08 a Agrimek 16 oz 9.57
V-1283 72WDG  0.1875Ib 0.08 a Check e 14.89
Acramite 5S0WP  0.751b 020 a

Acramite S0WP 1.01b 020 a

Agrimek 16 oz 0.35a

Check = - 3.56b
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SUCCESS FOR CONTROL OF PEACH TWIG BORER IN PEACHES
Michael Reding & Diane Alston
Utah State University, Department of Biology, 5305 Old Main Hill, Logan, UT 84322-5305

Keywords: Peach cultivar 'Suncrest’, Success (spinosad), Anarsia lineatella (peach twig borer).

Objective. To evaluate the efficacy of Success (spinosad; Dow AgroSciences), for
control of peach twig borer (4. lineatella) in peach as compared to an industry standard
insecticide program using Thiodan (endosulfan; FMC) and Guthion (azinphosmethyl; Bayer).
Success was registered on stone fruits at the time of this trial.

METHODS

This trial was conducted in a 10-year-old, 1 acre block of peaches ('Suncrest’) at the Utah
State University research farm in Kaysville, UT. A delayed-dormant (calyx-green to first pink)
treatment of Superior oil + Thiodan 3EC at 0.67 gt/acre was applied to the entire orchard on 6
April 2000 for control of early season peach twig borer larvae. This was a large block trial with
replications 3 rows wide and 5 trees long. Experimental design was randomized complete block
with 3 treatments and 4 replications. Insecticides were applied by airblast sprayer at 70-80
gallons/acre.

Treatments: Ist cover applied 400DD after biofix, 2nd cover applied 1460DD after biofix.
1). Success (spinosad; 22.8% ai; Dow AgroSci.) @ 6 fl oz/acre - applied on 12 June and
27 July ‘
~ 2). Thiodan 50 WP (endosulfan; 50% ai; FMC) @ 4 1b/acre — applied on 12 June and
Guthion SOWP (azinphosmethyl; 50% ai; Bayer) @ 2 Ib/acre — applied on 27 July
3). Untreated Check
Upon maturity, 40 fruit were sampled from 2 center trees per plot (320 fruit/treatment).
Each fruit was cut open to determine if a larva was present

RESULTS
Both the Success and Thiodan-Guthion treatments provided excellent control of peach
twig borer and had significantly lower levels of damage than the untreated trees (Table 1).

Table 1. Percentage fruit injury from peach twig borer at harvest on 23 August 2000.

Treatment Mean % wormy fruit* Std dev+ # fruit sampled
Success 0.63 b 1.16 320
Thiodan/Guthion 0.00 b 0.00 320
Untreated 9.06 a 8.86 320

P>F 0.006

*Means followed by the same letter within a column are not significantly different (P<0.05)
using Tukey’s studentized range test.
+Std dev=standard deviation.
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" SUCCESS*, ANEW TOOL FOR STONE FRUIT IPM

Barat Bisabri ', Robert Van Steenwyk, Steve Dietz, and Tim Ksander
Dow AgroSciences, 109 Canon Dr., Orinda, CA 94563

Keywords: Success”, spinosad, oblique-banded leafroller, Choristoneura rosaceana, western
flower thrips, Frankiiniella occidentalis, oriental fruit moth, Grapholita molesta, apricots,
peaches, nectarines, application timing.

Control of oblique-banded leafroller (OBLR) in apricots with Success: A field study was
conducted in San Joaquin county of California in order to determine the best application timing
for control of OBLR and evaluate the efficacy of Success relative to a conventional insecticide.
Applications were made at delayed dormant or petal fall timing using an Airblast orchard sprayer
at 100 GPA. Experimental design was RCB with three replications of 7 rows by 25 trees.
Evalnation was made by counting total number of OBLR larvae on 10 trees per plot. Numbers of
OBLR larvae per tree were as follows: Success @ petal fall, 3.1(b); Success @ delayed dormant
5.7(ab); Asana @ delayed dormant 4.6(ab); and untreated 9.9(a). Only Success at petal fall was
statistically different than the untreated. These results indicated that best timing for control of
overwintering generation of GBLR in apricots might be at petal fall or some time during bloom.

Efficacy of Success against the summer generation of OBLR was evaluated in a separate trial in
the same orchard. A single application of Success at 6 oz/ac applied at 520 DD from the biofix,
or an application of Success at 4.0 oz/ac followed by a second application of 4 oz/ac 14 days
later, were compared to single application of Imidan 70 WP. Experimental design and the
application equipment were the same as the winter trial. Percent fruit damage at harvest for
different treatments were as follows: Success @ 4 Oz, 2 applications 3.4%; Success @ 6 Oz, one
application 2.8%; Imidan 70WP one application, 5.1%; and untreated 12.2%. All treatments
were significantly different than the untreated. These results showed that a single application of
Success @ 6.0 Oz or Imidan 70WP timed at 520 DD from the biofix provided good control of
OBLR compared to the untreated.

Control of western flower thrips in nectarines with Success: Three field trials were conducted
throughout the stone fruit growing regions of California in 2000 to define the optimal use rate
and timing of Success for control of western flower thrips during bloom and at preharvest time in
nectarines. Experimental designs were RCB with four single tree replications. Applications were
made using a mistblower at 100 GPA. Evaluations were made by counting the number of fruit
infested with thrips at predetermined time intervals following the application. Fruit damage was
evaluated at harvest. Thrips pressure was high in all three studies. Results showed that Success
at 4-6 oz/ac provided excellent control of thrips comparable to the commercial standard of
Carzol, and Lnnate at both bloom and preharvest times.
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Control of Oriental fruit moth (OFM) in peaches with Success: Two field trials were conducted
in California in 2000 to evaluate the efficacy of Success against OFM in peaches. Experimental
design was RCB with 3 replications. Plot sizes were 7 rows of 40 trees. Applications were made
using a commercial Airblast sprayer at 100 GPA. Evaluations were made at 7 and 14 days
following the applications by counting ORM shoot strikes in 10 trees per plot. Treatments
included Success, Asana, Pounce, Ambush, Sevin , Imidan and untreated. Results showed that at
7 days post treatment, number shoot strikes were less than one strike per tree in all treatments
compared to 5.2 strikes per tree in the untreated. At 14 days post treatment, Success plots had an
average of 3.1 strikes per tree while the synthetic compounds had 0.3-1.2 strikes per tree. These
results showed that Success provided OFM control comparable to the synthetic standards for 7-
10 days. However, When using Success for OFM control, retreatment may be required if OFM
pressure continues beyond 10 days.

* Trademark of Dow AgroSciences
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Messenger® a new tool for IPM

Dr. Zhongmin Wei
EDEN® BioScience Corporation
11818 North Creek Parkway
Bothell, WA 988011-8205

Steven P. Parker
EDEN® BioScience Corporation
1231 Magnolia Drive
Walla Walla, WA 99362

The active ingredient in Messenger®, is Harpin Ea, a naturally occurring
protein derived from Erwinia amylovora, a causing agent of fire blight. When
Messenger is applied to a plant, the harpin Ea protein binds to the plant foliar
receptors. The receptors recognize the presence of harpin Ea, sending a signal that a
pathogen is present, in effect “tricking” the plant into thinking it is under attack. This
binding process triggers a cascade of responses affecting a global change of gene
expressions, stimulating several distinct biochemical pathways within the plant. These
pathways, responsible for growth and disease and insect resistance, include the
salicylic acid dependent pathway, jasmonic acid/ethylene induced pathway and the
plant growth pathways. The harpin Ea-induced gene expression also stimulates
nutrient uptake and photosynthesis, resulting in an overall healthier and hardier plant.

‘While this natural process occurs nearly every day in almost all plants,
Messenger allows growers to harness and utilize the process to enhance the health and
growth of plants and to protect crops from a broad array of insects and diseases. Once
a plant is treated, activation is generally initiated within 5 to 10 minutes and full
response generally occurs within 3 to 5 days. The effects may continue for several
weeks or throughout the growing season, depending on the crop.

Utilizing the proprietary Harpin protein technology, EDEN has developed its first
product, Messenger®, which simultaneously enhances a plant’s own growth systems
and natural defense mechanisms to ward off attacks by insects, common diseases and
environmental stresses. Messenger exhibits a high degree of environmental safety and,
once applied, degrades rapidly and leaves no detectable residue. Messenger has been
granted a registration by the Environmental Protection Agency (EPA), allowing for its
sale in the United States and is currently registered for use in most states. Features of
Messenger include:

Simultaneous activation of natural plant systems to:
Enhance plant growth, crop yield and quality.
Protect against a broad array of viral, fungal and bactenial diseases, including
some for which no effective treatment is currently available.
o Enhance resistance to attacks by insects, decreasing potential for damage.
o Effectiveness across a wide array of crops.
o Improved food safety.
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o Reduced risk of environmental damage.

® Increased worker safety.

Messenger is a new tool to serve as the foundation of an Integrated Pest
Management (IPM) program. When plants are healthy, they are better prepared to
resist attacks by diseases, insects and environmental stresses, resulting in a more
effective and judicious use of pesticides for enhanced crop protection. In addition,
Messenger does not disrupt natural or introduced populations of beneficial predators
and parasites that are often an integral component of an IPM program. Messenger can
be used throughout the growing season as a tool that not only enhances disease and

insect resistance, but also promotes growth and optimal plant health.

- EDEN’s current research and development efforts are focused, in part, on
expanding Messenger® to a number of different crops and different countries
worldwide. A large part of our development occurs in the field. We spend significant
amounts of time and money conducting field trials in an effort to determine optimal
timing, rates and application methods that fit within current agricultural practices and
IPM programs, and in as many different crops and countries as possible.

In addition to thousands of greenhouse and university studies, Messenger has been
extensively tested in hundreds of field trials in four countries and on more than 40
crops including: citrus, cotton, strawberries, tomatoes, peppers, melons, wheat, rice,
peanuts, tobacco, grapes and others. These field trial programs are conducted for each
individual crop to collect the information needed to ensure that the product is ready for
commercialization in that particular crop in that specific country.

As with any new product, we have a lot more to learn about Messenger and how it can
integrate with current agricultural practices to enhance crop production throughout the
world. Field development is key to that understanding. EDEN is committed to the
continuous development of new crop applications in new countries and with new
products.

Some of the expanded areas that EDEN is currently exploring include:

» Finding entirely new harpin proteins and studying individual harpin pieces.
e Better understanding the plant receptor system that “receives” the message sent
by the harpin protein.
¢ Dissecting harpin and harpin receptor-mediated signal transduction pathways
that lead to increased resistance, growth and yield.
Tailor-making harpins for specific crops or crop groups.
o Developing new formulations for specific crops or uses, such as seed
treatments for small grains.
The scope of this new technology is immense, and our field development efforts will
never end. As we continue to test new ideas, we’ll share with you these products and
technologies and ask for your opinions. It’s important for us to understand your needs )
and deliver products that help make our world a little better.

Please visit our web site at : http://edenbio.com/

Contacts for Steve Parker
509-529-9696 phone  509-529-2566 fax 509-520-2334 cell
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PESTICIDES OF INTEREST TO NORTHWESTERN U.S.
DECIDUOUS TREE FRUIT PRODUCERS.

Mike Willett, Hugh W. Ewart and James R. Cranney Jr. Northwest Horticultural Council,
6 S. 2 St., Room 600, Yakima, WA 98901

Keywords: Food Quality Protection Act, agricultural worker reentry, organophosphate
insecticide, U.S. Environmental Protection Agency, apple, pear, cherry

Continued 1mplementation of the Food Quality Protection Act (FQPA), coupled with
increasingly restrictive calculation of agricultural worker reentry intervals for the
organophosphate (OP) insecticides, has led fruit growers to take a more active interest in EPA
approval of agricultural chemicals to replace uses now covered by OPs. While not an entirely a
new exercise, this heightened interest in alternative insecticides is partnered with on-going
industry interest in the timely registration of exceptionally useful fungicides, bactericides and
plant growth regulators.

The Northwest Horticultural Council (NHC) and U.S. Apple Association (USApple) have
taken the lead in identifying these needs at the national level but have enjoyed substantial
collaboration with regional land grant university faculty who identified promising alternatives
from their research programs. In particular, the comprehensive lists developed by Dr. Helmut
Ried! and Rick Hilton of Oregon State University, provided in response to a NHC request,
furnished the basis for this effort. The insecticide/acaricide portion of the database has been
included in the Western apple pest management strategic plan recently completed as part of a
multi-commodity national effort by the USDA Office of Pest Management Policy.

An even smaller subset, consisting of potentially promising pesticides of near term
importance, was winnowed from the database for discussions with the U.S. Environmental
Protection Agency (EPA) this year. The list of potentially promising pesticides identified in a
November 2000 meeting with EPA will be reviewed.
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Developing Insecticide Treatment Guidelines for Obliquebanded Leafroller,
Choristoneura rosaceana, in Pistachio

Walt Bentley, IPM Entomologist, UC Kearney Agricultural Center, Parlier
Brent Holtz, Farm Advisor, UCCE Madera County
Lee Martin, Brian Ribeiro, Laboratory Assistants, UC Kearney Agricultural Center, Parlier
Chris Wiley, Ranch Manager, AgriWorld, Madera

Summary

The two objectives of the 2000 study were to develop information on timing mnsecticides for
controlling obliquebanded leafroller (OBLR) and predicting the need to treat them. A producing
10-year-old pistachio orchard in Madera was the study site. Monitoring of moths was begun in
late April and the first moth catch was recorded on May 8, using Trece1C traps baited with the
western strain of the OBLR pheromone. The pheromone cap was changed monthly. Degree
Day (dd) was calculated from that date. Treatments of phosmet (Imidan®) were made using the
equivalent of 3.5 Ibs active ingredient per acre. Treatments were made with an Air-O-Fan air
carrier sprayer driven at 2 mph and delivering 100 gallons of mixture per acre. These treatments
were begun on 5/25 (400 dd), 6/2 (600 dd), 6/9 (800 dd, not treated due to rain), 6/16 (1000 dd),
6/22 (1200 dd), and 6/28 (1400 dd). In addition to the timing trial, an efficacy trial was done on
August 2 where either esfenvalerate (10 ounces of Asana® XL), tebufenozide (16 ounces of
Confrim®), phosmet (5 Ibs. of Imidan® 70WP), and spinosad (4 ounces and 6 ounces of
Success®) were applied. Evaluation of the timing trial was done July 24 {counting live larvae
found on 30 trees, each for a minute), and the efficacy trial on August 31 (counting live larvae on
a single tree for a minute).

The threshold trial was accomplished by sampling two orchards during July by counting the
larval feeding sites on leaves for a minute per tree. Ten nut clusters from the same tree were then
counted and examined for those aborted by OBLR feeding. The number of leaves damaged (per
minute count) was then correlated to the number of damaged nuts found in ten clusters.

Results

The timing trial resulted in the 1000 and 1200 dd timings giving equally the most effective
control based on the one-minute larval counts made on July 24 (Figure 1.). The 1000 dd timing
resulted in an average of 5 live larvae found per minute of search and the 1200 dd timing resulted
in an average of 4.5 larvae per minute of search. These two treatments were significantly
(P<0.05, Fisher’s Protected LSD) better than the untreated checks and the 400 dd timing. They
were not significantly different from the 600 dd (15.75 larvae per minute of search) and the
1400-dd treatment (11.75 larvae per minute of search). The established untreated control
averaged 35.5 larvae per minute of search and was the worst treatment. The established 800-dd
timing (not treated because of rain) resulted in 21 larvae per minute of search and this was the
next worst treatment. If timing Imidan to control OBLR, 1000 to 1200 dd after the first male of
the season provided the most effective control.

The insecticide efficacy trial resulted in all four materials providing equally effective control of
OBLR. The four-ounce rate of Success was as effective as the six-ounce rate.
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There was a direct relationship between the number of OBLR damaged leaves counted per
minute and the number of damaged nuts. This study is still in the preliminary phase, but
indications are that well over 20 damaged leaves counted per minute in July are needed before
nut damage is found.

Conclusions and Practical Application

The use of Imidan in the timed trials resulted in effective control if timed between 600 to 1200
dd after the first male is trapped in the spring. However, the most effective timing was 1000 and
1200 dd after treatment.

To use this technique of timing application trapping of male moths must begin before the first
males are trapped. This means placing the pheromone traps by mid April in the southern San
Joaquin Valley and by May 1 in the northern San Joaquin Valley.

When registered, the biological insecticides such as spinosad and tebufenozide, appear to be
equal to the standard organophosphate and pyrethroid in controlling OBLR.

Finally, preliminary results show a good relationship between leaf feeding and nut damage by
OBLR. The number of leaves damaged, measured in July by visual count for one minute, can be
used to measure nut loss. However, considerable leaf damage is required before economic loss
is found. This implies a relatively high treatment threshold for OBLR in pistachio.

Figure 1. Live obliquebanded leafroller found on July 25, after various timed insecticide
applications.
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Section 5. Pesticide Resistance

BASELINE INSECTICIDE TOLERANCES AND CROSS-RESISTANCE IN
CHORISTONEURA ROSACEANA AND PANDEMIS PYRUSANA
(LEPIDOPTERA: TORTRICIDAE)

John E. Dunley, Jay F. Brunner, Michael D. Doerr, and Elizabeth H. Beers
WSU-TFREC, 110 N. Western Ave., Wenatchee, WA 98801

Keywords: tebufenozide, Confirm, methoxyfenozide, Intrepid, spinosad, Success,
indoxacarb, Avaunt, acetamiprid, Assail, Bacillus thuringiensis, thiodicarb, Larvin, _
azadirachtin, Neemix, azinphosmethyl, Guthion, chlorpyrifos, Lorsban, methyl parathion,
Penncap, apple, leafroller, obliquebanded leafroller, pandemis, resistance, cross-
resistance, reversion

Insecticide bioassays were conducted with obliquebanded leafroller,
Choristoneura rosaceana (Harris) (Lepidoptera: Tortricidae), and Pandemis pyrusana
Kearfott (Lepidoptera: Tortricidae) to determine baseline toxicities to new insecticides
and to examine potential cross-resistance with azinphosmethyl. Bioassays were
conducted on first-instar larvae, using a leaf disc technique. Insecticides tested included
tebufenozide, methoxyfenozide, spinosad, indoxacarb, acetamiprid, Bacillus
thuringiensis, thiodicarb, azadirachtin, azinphosmethyl, chiorpyrifos, and methyl
parathion. Azinphosmethyl-susceptible laboratory populations of obliquebanded
leafroller and P. pyrusana were used to determine baseline toxicities to the insecticides.
Neonates from F; generations of two azinphosmethyl-resistant field-collected populations
of obliquebanded leafroller were also examined for cross-resistance of several
insecticides to azinphosmethyl.

No correlated response was found in azinphosmethyl-resistant obliquebanded
leafroller to chlorpyrifos. Correlated responses were found between azinphosmethy! and
tebufenozide (2.5- to 2.7-fold) and between azinphosmethyl and methoxyfenozide (12.8-
to 26.3-fold). No correlated response was found between azinphosmethyl-resistance and
spinosad for one field population, however the other population demonstrated significant
negatively correlated cross-resistance. Reversion of azinphosmethyl and tebufenozide
resistances was also examined. An azinphosmethyl-resistant obliquebanded leafroller
population was maintained in the laboratory with no selection for nine generations, and
alternate generations were bioassayed for azinphosmethyl and tebufenozide response.
Azinphosmethyl resistance declined from 9.2-fold to 2.9-fold over nine generations,
while tebufenozide resistance declined from 2.5-fold to susceptibility in seven
generations
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TOXICOLOGICAL RESPONSE OF MALE ORIENTAL FRUIT MOTH COLLECTED
FROM EASTERN APPLE ORCHARDS TO AZINPHOSMETHYL

Peter W. Shearer, K. Amin Usmani', Greg Krawczyk?, Larry Hull?,
Larry Gut®, Harvey Reissig*, and Art Agnello*
Rutgers Ag. Res. & Ext. Ctr., 121 Northville Rd. Bridgeton, NJ 08302-5919

Keywords: Oriental fruit moth, Grapholita molesta, apple, peach, azinphosmethyl, resistance
monitoring

The Oriental fruit moth, Grapholita molesta (Busck), is a serious pest of stone fruit
worldwide. Some populations have developed resistance to azinphosmethyl in eastern
Canada. While G. molesta is usually a pest of peach in eastern and Mid-Atlantic States, larvae
have been found infesting apples during the past few years. From 1995 to present, reports of
azinphosmethy] control failures have been reported in parts of NJ, PA, MI, WV, VA, and NY.
In some locations, both azinphosmethy] rates and the number of applications per season have
increased as a result of reduced product efficacy. In response to this particular situation, a
project was initiated to determine if G. molesta populations have developed resistance to
azinphosmethyl in eastern orchards.

In NJ, during 1998, toxicological responses to azinphosmethyl of male Oriental fruit
moth from 5 commercial orchards in which control failures had occurred were examined for
azinphosmethyl resistance and for potential resistance mechanisms using a topical pheromone
trap bioassay first pioneered by Riedl. Results were compared with a reference population that
had no history of control failure and received little selection pressure. 1998 field survey
results indicated moderate level of resistance to azinphosmethyl (2.7 to 4.1 fold). LC,s
ranged from 90.6 — 220.7. The slopes of regressions lines (2.5 — 2.8) indicated genetically
heterogeneous populations. A 2-fold decline was observed between fourth flight of 1998 and
first flight of 1999, suggesting that resistance was unstable in moths collected from these
study sites. 1999 field surveys indicated lower level of resistance to azinphosmethyl. The
resistance ratios ranged from 1.2 to 1.9 during first flight of 1999 (LC,;s 63.2 — 100.8 ppm)
and 1.2 to 2.6 during fourth flight of 1999 (LC,s 54.1 — 148.0 ppm). Steep slopes of
regression lines during 1999 season indicated the presence of genetically homogeneous
populations with the exception of the reference population. A 1.5 to 2.0 fold increase in the
LCss was observed between first and fourth flights of 1999, indicating that resistance can
build up during the growing season. DEF, but not Piperonyl butoxide, significantly enhanced
the toxicity of azinphosmethyl, suggesting that enhanced metabolism by esterases are
involved in the tolerance of azinphosmethy! in moths collected form these study sties. Our
data also provides a basis for suggestion that there may be nonmetabolic (target sites)
mechanisms involved in the increased tolerance to azinphosmethyl.
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In 1999, PA began assaying OFM using the above procedure. LC,;s from PA apple
orchards ranged from 29.0 — 129.2 ppm and for peach, 18.6 — 150.7 ppm. Results from PA
also showed that LC,; values increased between early and later season testing.

: The resistance survey was expanded during CY2000 and the responses of OFM
collected from MI, NJ, NY, and PA orchards were tested. Results are resented in Table 1. In
NI, while LCj,s were apparently lower in 2000 than in previous years, orchards that originally
had high LC values were removed from production (with a bulldozer). LC,, values obtained
in PA were also lower in 2000 compared with 1999 resulis.

The fact that LC values fluctuate during a growing season and between years suggests
that OFM resistance to azinphosmethy! is not stable and can be managed. Resistance levels
have declined following seasonal pyrethroid and carbamate use. However, this resulted in
increased mite and wooly apple aphid problems. Softer management tools such as Intrepid
(methozyfenozide) and OFM mating disruption are being implemented.

Table 1. LC50s of male OFM collected from orchards in different
States and then topically treated with azinphosmethyl: CY2000

State Site LCs, (ppm) RR®
MI 1 26.7 -
2 59.4 22
3 58.5 2.2
NJ 1 76.1 1.5
2 70.2 1.3
3 52.1 -
4 74.5 1.4
5 81.4 1.6
6 66.7 1.3
NY 1 9.3 -
PA 1 19.7 -
2 24.1 1.2
3 36.5 1.9
4 327 1.7

“Resistance ratios calculated by dividing LC;, by lowest LC,,
observed within each state.

'NC State U.; *Penn State U., *Michigan State U., *Cornell U., NYSAES-Geneva
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Section 6. Biology/Phenology
REPRODUCTIVE DIFFERENCES BETWEEN SEX RATIOS IN PEAR PSYLLA

Greg T. Hannig and John E. Dunley
WSU-Tree Fruit Research and Extension Center
1100 North Western Avenue
Wenatchee, WA 98801

Keywords: Pear psylla, Cacopsylla pyricola, Insect Growth Regulator bioassay, Fecundity.

Pear psylla is a serious pest of pear in the Pacific Northwest. In a previous study
comparing the effectiveness of several insect growth regulators (IGRs) in the control of pear
psylla, there was a large amount of variation in replicate response in IGR bioassays. There are
many possible reasons why this variation may have occurred, several of which have been
examined in previous studies. This study examines one possible cause of this variation, which is
a difference in fecundity due to the age of adult pear psylla collected from the field. The affects
of sex ratio on fecundity were also examined.

Approximately 5000 fifth instar pear psylla nymphs were taken from the field and
brought into the laboratory by collecting leaves containing nymphs. Leaves were placed into a
cage (62 x 36 x 36 cm.) with 6-8 small pear seedlings (approximately 32 to 60 cm. tall) where

the pear psylla were allowed to develop into adults in 16:8 (L:D) artificial light and at 80" F.
Once the majority of the nymphs had developed into adults, they were removed, sexed and kept
in separate colonies (males in one cage, females in another). Six days after collecting the fifth
instar nymphs, the adults were placed into small plastic tubes with a screen on one end and
placed over small clean pear shoots. Pear shoots were placed into containers full of distilled
water to prevent escape, which were then placed into cages.

Two different sex ratios (male:female) and three different mating regimes (1 mating, 2
discrete matings, and continuous mating) were combined for a total of six treatments, replicated
four times each. The first treatment consisted of 1 male and 1 female, mating only once for 48 hr
before the experiment had begun. The next treatment was 1 male and 1 female with 2 mating
events, one before the experiment and the other 15 days into the experiment (each mating event
was limited to 48 hr). Another treatment was 1 male and 1 female, with continuous mating
throughout the experiment. There were 3 additional treatments that had the exact same mating
regimes, but the sex ratio was 5 males to 5 females.

Two days after the adults are placed into the tubes, all male adults are removed from all
treatments, except in the continuous mating treatments. The female adult psylla of all treatments
and males in the continuous mating treatments were moved to another set of fresh pear shoots
and covered with plastic tube cages. Initial counts of eggs on the pear seedlings were taken at
this time. The transfer of the adult psylla and initial egg counts were repeated every 2 to 3 days
until 15 days following the original setup of the treatments. At this point, a second mating was
allowed in the treatments with 2 matings by reintroducing virgin male psylla into the
corresponding treatments. The males were removed at the next transfer of female psylla to fresh
seedlings and the transfers continued until either there is no oviposition or there are no females to
oviposit.
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At each transfer and initial count of eggs, the shoots with eggs on them were labeled and
set aside to be examined 12 days later. The final count of eggs was taken 12 days following the
initial count to determine the number of unhatched eggs, or mortalities. The eggs that were
unhatched, remaining intact or not depleted in any way, were considered to be infertile because
they should have hatched by about 10 days after oviposition. Initial egg production was
examined as well as egg survival.

There was significant difference in overall mean eggs laid per female per day between the
two different sex ratios, with the only exception being that ratio 1:1, 1 mating was not
significantly different from the 5:5 sex ratio. Despite this lack of statistical significance, the egg
production of the 1:1 sex ratio was higher than the 5:5 sex ratio. Initial egg counts peaked at the
beginning of the experiment, then declined over time for all combinations of sex ratios and
mating combinations. The peak for the 1:1 sex ratio was higher than the 5:5 sex ratio. There
was a second peak in the 1:1 sex ratio after the introduction of a virgin male after about 2 weeks,

while a slight peak occurred in the 5:5 sex ratio at the beginning of the 3td week (Figure Below).
No definite patterns were found in numbers of successful egg hatches and no significant
differences existed between any of the treatments for mean percent egg survival over the entire
experiment.

The differences between sex ratios in fecundity suggest that mating competition among
male pear psylla appears to cause a decrease in overall egg production. The results of this study
suggest that, as in many organisms, there may be a direct correlation between reproductive
fitness and age. As the age of the pear psylla increases, their ability to produce eggs decreases.
Ideas for future studies may include some of the following: whether the time between emergence
and mating has an affect on mating and egg survival; whether patterns exist in oviposition
timung; and what affects additional combinations of sex ratios have on fecundity.
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Biology/Phenology

PEAR THRIPS (THYSANOPTERA: THRIPIDAE): AN OLD PEST REAWAKENS

H. Riedl
Mid-Columbia Agricultural Research & Extension Center, Oregon State University,
3005 Experiment Station Drive, Hood River, OR 97031; helmut.riedl@orst.edu

Key words: pear thrips, Taeniothrips inconsequens, emergence, monitoring, phenology,
damage, control, Success, spinosad, Carzol, formetanate hydrochloride

In 1996, pear thrips was identified from an organic orchard in the lower Hood River Valley.
Observations by the grower suggested that the problem was not new and that large numbers
of thrips had been present in the orchard around bloom time for several years. Damage
typical of pear thrips was also found in a conventional orchard which had no fruit set where
the infestation was heaviest. A survey of pear orchards in the Hood River valley conducted
in early spring of 1997 showed pear thrips to be widely distributed in the district. Thrips
populations were more concentrated along the edges of the fruit-growing area close to
woodland with a mix of deciduous trees. The majority of thrips on pear in early season were
identified as pear thrips and not western flower thrips. Pear thrips has only one generation
and adults emerge between ‘swollen bud’ and ‘bud burst’ (stages 2 to 3). Adults begin to
feed inside buds which causes them to bleed. This is typical for early injury. Feeding can
also cause short-stemmed and deformed fruit. In heavy infestations (>10 thrips adults per
bud) buds will dry up and fall off resulting in serious crop loss. Feeding by adults and later
the immature stages causes damaged margins and cupping of leaves.

In the 1920s, the California pear industry considered pear thrips one of the major economic
problems causing partial and sometimes complete crop failures in some years. The
importance of pear thrips as an economic pest diminished when pear growers began to use
synthetic insecticides for control of codling moth and other pests. Pear thrips is apparently
still susceptible to OP and other broad-spectrum insecticides (e.g., pyrethroids). This may be
the reason why this thrips has been absent from pears until changes in insecticidal use
allowed it to reemerge as a pest. Pear thrips may be difficult to manage on pears under
selective programs since no effective selective control tactics are presently available (

A major eruption of pear thrips occurred during the 2000 season in the Hood River Valley.
Several apple, pear and cherry blocks at the Mid-Columbia Agricultural Research &
Extension Center suffered heavy bud damage from pear thrips feeding shortly before bloom.
Thrips populations were highest in blocks closest to the heavily wooded Hood River canyon.
Maple is a dominant tree species in this wooded area and is a favorite host of pear thrips.
Thrips damage was more severe on pear then on apple or cherry. Sprays of Carzol
(formetanate hydrochloride) applied to infested pear blocks during bloom caused high thrips
mortality. Success (spinosad; not yet registered for use on pear) applied to infested apple and
cherry blocks was also effective. With the recent changes in pre- and early post bloom
control programs and decreasing use of broad-spectrum pesticides pear thrips may become
more of a problem, especially in orchard locations close to wooded habitat.
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6. Biology/Phenology

DETECTION, FLIGHT PHENOLOGY, AND POPULATION MONITORING OF ORIENTAL
FRUIT MOTH AND LESSER APPLE WORM IN THE WILLAMETTE VALLEY, OR

Barry B. Bai, Kerrt Schwarz, Karl Puls, Jennifer O’Neil
Oregon Department of Agriculture, Plant Division
635 Capitol St. NE Salem, OR 97301

Keywords: Oriental fruit moth, Grapholitha molesta, lesser apple worm, Grapholitha prunivora,
flight phenology, population monitoring

Oriental fruit moth (OFM) has been occasionally documented in the Willamette Valley;
however, those specimens may have been mis-identified due to the presence of a closely related
species, the lesser apple worm (LAW). No voucher specimens exist that allow us to confirm the
previous identification of OFM. Concerns of an agricultural trade issue brought to our attention
questions of whether OFM exists in the Willamette Valley, and if so, how its flight phenology
compare to that of the morphologically similar species, LAW. Such information 1s useful to
determine when a trapping program should be implemented (e.g., during the peak adult flight
period) and to confirm the OFM free status for certain counties. In this study we were interested
in (1) determining whether and where OFM is present in the Willamette Valley, and (2)
documenting flight phenology and population fluctuations of OFM. In order to achieve the
above, we have to examine the same questions for LAW because both species can coexist and
may be confused with each other.

To determine the presence and distribution of OFM in the Willamette Valley, a detection
survey was conducted in 1998, 1999, and 2000. Each year a total of over 250 traps were
distributed throughout seven counties, including the top five nursery producing counties. To
document the flight phenology of OFM and LAW we monitored six sites for three years i four
Willamette Valley counties for both OFM and LAW. All moths were captured using Pherocon
IC traps baited with OFM pheromone, which attract both OFM and LAW in the field. Detection
traps were checked approximately twice between mid-May and mid-September. The traps used
to document flight phenology were checked each season at the six sites approximately on a
weekly basis. Trap bottoms were replaced when target specimens were found or when traps were
dirty. The removed trap bottoms were brought to the laboratory for examination. Trapped OFM
and LAW were identified, counted, and the numbers recorded.

Of the seven counties surveyed in the Willamette Valley, OFM was found in two sites in
Clackamas Co. and one site in Linn Co. Large numbers of OFM occurred only at one site mn
Clackamas Co., an organic peach orchard near Canby. LAW was more widely distributed than
OFM and was found in all counties surveyed; however, the numbers of LAW were low at several
sites. As a result, two sites were selected to examine flight phenology in more detail (1) West
Salem, the site with the highest number of LAW and (2) Canby, the only site where OFM and
LAW were trapped together. OFM adults were present each year at the Canby peach orchard
from mid-April to mid-October with two flight peaks. LAW. adults were present in Canby and
West Salem from mid-April to the end of October with two to three flight peaks each year. In
general, the moths were most numerous and had the largest flight peaks in August and
September.

This study indicates that OFM is present only in one county, with the exception of Linn
Co., where a single moth was caught during the three-year survey. LAW is more widely
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distributed in the Willamette Valley and could be found in all seven counties. Although flight
phenology of OFM varied slightly from LAW throughout the season, both species could be
found each season from mid-April through mid-October. Detection trapping for OFM can be
limited to August and September, the two months when OFM adults are most abundant. For both
LAW and OFM, population levels and flight peaks varied between years presumably due to
weather, hosts, and other field conditions.

Adult Flight Phenology of OFM and LAW in the Willamette Valley
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Biology/Phenology

COURTSHIP BEHAVIOR OF OBLIQUEBANDED AND PANDEMIS LEAFROLLER

Tomislav M. Curkovic, Jay F Brunner, and Peter Landolt. Department of Entomology,
Washington State University, Pullman, WA, 99164.

Keywords: Choristoneura rosaceana, Obliquebanded leafroller, Pandemis pyrusana, Pandemis
leafroller, courtship behavior

An understanding of sexual behavior is necessary for the development of pest control strategies
based on synthetic sex pheromone sources, otherwise failures can occur. It is therefore important
to characterize moth courtship behavior prior to evaluation of potential pest control techniques
such as attract and kill. Reports of sexual behavior for obliquebanded and Pandemis leafroller
lack detailed information about the courtship phase. This research presents preliminary data on
courtship behavior for both species.

MATERIAL AND METHODS. Leafroller pupae for both species were obtained from colonies
maintained at the Washington State University Tree Fruit Research and Extension Center. Upon
emergence adults were maintained at 23+2°C, >30% RH, 16:8 (L:D). Two to three days old
adults were acclimated 1 h before observations at 21£3°C, >30% RH, 2-3 lux, and airflow 25-35
cm/sec. Arenas for observing courtship and mating behavior were; a) plexiglass tubes, b) a wind
tunnel, or c) plastic petri dishes (only for taking pictures). Courtship sequences were filmed
using video cameras with magnification 3-5x and infrared illumination. The tapes were played
back later to describe the sequence. Observable, homogeneous, and discrete steps during
courtship were recorded. Pictures were taken using a Nikon Coolpix 950 digital camera with
flashcard and magnification lens. Most images were taken trough the plastic walls and covered a
field 2-3 cm from the female. This procedure allowed us to detail the events occurring under the
insect wings. Two ethograms (one for each sex) present conditional probabilities for the steps in
successful mating sequences.

RESULTS. Male sequence: Preliminary data comrespond to the analysis of 16 successful
sequences over a total of 62 attempts. Data used to build the ethograms correspond to recordings
during the short-range approach in successful sequences. The general sequence, including
observations in all types of arenas, was: a resting male which is exposed to airflow of a calling
female raises his body from the substrate, spreads his wings slightly, and projects his antennae
forward. This is followed by stationary wing fanning (WF) and WF while walking (WFW). His
antennae vibrate, the tip of his abdomen is curved slightly upward, and the hair-pencils are
projected backward. In the wind tunnel a male does WFW until he reaches the edge of the
release platform, flies upwind, casts close to the source platform, lands on it, and starts WFW.
On platform or plexiglass tubes, a male always walks upwind facing forward as he approaches
the source. First contact {FC) occurs with the posterior part of the female abdomen (40.3%), her
head (27.4%), areas in between (25.8%), or wings (6.5%). The FC occurs usually under female
wings, mostly with male antennae and head. Immediately after FC, males usually (87.5%) curve
their abdomens (CAB) or, less frequently, move a few steps forward along the females, placing
themselves next to the female and start CAB. This is the beginning of the copulatory attempt.
The male continues bending his abdomen further and advancing it to her abdominal tip,
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displaying his uncus and valvae. One antenna (flagellum) seems to be in contact with female

abdomen during this phase. Female genitalia is engaged by a rapid maneuver where the male

contacts her abdominal tip. This maneuver is successful if the female genitalia is within the male

range. However, many times the attempt is unsuccessful (74.2%) because, even the male does N
the maneuver, the female genitalia is not in the proper location; this suggests that the maneuver
is areflex following FC. After an unsuccessful copulatory attempt the male walks away and
either rests or starts WFW in circles and again attempts to mate upon FC. Some males attempted
to copulate up to 8 times before a successful sequence.

Female sequence: A resting female switches to calling posture at the beginning of the
scotophase. First, a female does intermittent extrusion of her last abdominal segments (8-11).
Wings are slightly spread, allowing the extruded segments and valvae to be observed from
above. This phase seems to be independent from the airflow. In absence of an approaching male
or disturbance, the female tends to extend the tip of the abdomen further and for longer periods
and also raises her wings until they meet on top. Thus, her entire abdomen and most of the thorax
are uncovered exposing the abdominal tip that is curved down but not touching the substrate.
When a male makes FC, the female usually withdraws her abdominal tip (56.3%) and lowers her
wings, though not completely. Male acceptance requires the female to stay stationary (>67%) or
to step away slowly. Male rejection occurs when a female rapidly steps, jumps, or flies out of
male range. A rejecting female also starts the calling sequence again once the male stops
copulatory attempts. Successful sequences show that a female tends to expose the tip of her
abdomen before the male engages her genitalia. Then, the female stays stationary while the male
turns around, heading in the opposite direction. This results in the end to end position with
abdomens connected. Usually the female raises her wings to allow the male wings to rest on her
body and so her wings remain on top. During mating, moth’s posture resembles the resting stage.

DISCUSSION. The courtship sequence was similar in both leafroller species, although most data

are from observations of obliquebanded leafroller. Similar sequences have been described in the

spruce budworm and codling moth. The male exhibited a highly stereotypic sequence existing a

high probability that once the first step in the sequence occurs, the rest will follow. The male

approaches the female guided by the pheromone in the airflow until FC. The FC occurs mostly

between the male antennae and his head, and different regions of female body. The FC

apparently triggers CAB. This allows the male to reach the female abdomen tip, providing she

remains stationary or steps away slowly, and he performs the maneuver rapidly. Male and female

display several structures of their genitalia prior to a successful mating sequence. The female

exhibited a less stereotypic behavior. The female can reject the male by stepping, jumping, or

flying out of male range. Even when a female moves out of his range, the male continues

through his routine after FC, which leads to many unsuccessful sequences.

Leafroller courtship and mating behavior seem compatible with the use of pheromone in an

attract and kill control technique since the pheromone is the only apparent trigger leading to FC. '
Besides, unlike oriental fruit moth, in obliquebanded and Pandemis leafroller there is, apparently,
no other releaser than FC leading to copulatory attempts. This is further supported by
observations of males conducting FC and copulatory attempts with septa loaded with specific
pheromone blends for monitoring in the wind tunnel.
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SUITABILITY OF WEEDS AND CROPS AS HOSTS FOR LACANOBIA SUBJUNCTA

Peter J. Landolt
USDA, ARS, 5230 Konnowac Pass Rd. Wapato, WA 98951

The Lacanobia fruitworm has recently become a serious pest of apple in eastern
Washington and adjacent Oregon and was only recently recognized as the cause of considerable
damage to foliage and fruit attributed to cutworms (Landolt 1998). Because this insect is highly
mobile, the reproduction of L. subjuncta on various plants and crops regionally may be of some
relevance to its pest status on apple. Therefore, we sought to learn more about the suitability of
common eastern Washington plants as hosts for the larvae of Lacanobia subjuncta. Preliminary
information was obtained by Landolt (1998) on larval development on several weeds, but the
success rate of larvae in that test was consistently low, possibly due to cannibilism.

Fifteen neonate L. subjuncta larvae were fed the foliage of 18 plant species, including 10
weeds and 8 crops. Additionally, leaves of 5 varieties of apple were directly compared as host
material for larvae. Larvae were held individually in paper cups and were cared for daily until
entering soil for pupation. For each larvae, data was obtained for survwal development time
(egg hatch to soil entry), and pupal weight.

Complete development from egg to adult occurred with L. subjuncta on 9 of 10 weeds
and 7 of 8 crops. No larvae survived on the foliage of sunflower or on the leaves of apricot. Best
development occurred on the crops potato and apple, and on the weeds bindweed, dandelion, and
mallow. In the comparison of apple varieties, best development occurred on Red Delicious
apple foliage. However, L. subjuncta development on foliage of apple was considerably poorer
in the second test in July compared to the earlier test (Fuji only) in May. This raises the
possibility that there is considerable variance in the suitability of apple foliage as food for L
subjuncta larvae, possibly due to changes in leaf chemistry with age and accumulated injuries.

Other plants supporting complete development of L subjuncta were hoary cress, spiny
sowthistle, Canada thistle, lambsquarter, pigweed, kochia, pear, cherry, alfalfa, dry peas and
succulent peas.

References

Landolt, P. J. 1998. Lacanobia subjuncta (Lepidoptera: Noctuidae) on tree fruits in the Pacific
Northwest. Pan-Pacific Entomol. 74: 32-38.
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DEVELOPMENT AND VALIDATION OF A DEGREE DAY MODEL TO PREDICT
PHENOLOGY OF LACANOBIA FRUITWORM, LACANOBIA SUBJUNCTA

Jay F. Brunner, Mike Doerr
WSU-TFREC, 1100 N. Western Ave., Wenatchee, WA 98801

Keywords: Lacanobia subjuncta, lacanobia fruitworm, degree-day model, prediction, phenology.

The basis for a predictive model is formed from the constant temperature developmental
data and field phenology data. Lacanobia subjuncta were reared at constant temperatures.
Temperature development thresholds were determined for each stage and degree-day estimates
were determined for the entire life cycle. L. subjuncta phenology was monitoring at several sites
were throughout the summer of 2000. Temperatures were also monitored at all sites.
Pheromone and bait pan captures and larval beat tray samples and visual observation of egg
masses and foliage feeding were collected weekly. No spraying was conducted in the sampled
area to avoid effects of insecticides on L. subjuncta phenology. Adult L. subjuncta were
dissected to assess ovarian development. Model predictions based on in-orchard temperatures
were compared to biological data collected at each site.

Results and Discussion

A degree-day model has been developed that accurately predicts the development of L.
subjuncta. The lower threshold is 7°C (44°F) and an upper threshold is 31°C (88°F). Degree-day
requirements based on constant temperature data for eggs, larvae and pupae were 137.1, §74.0
and 535.8 degree-days, respectively. Eggs, larvae and pupae required field temperatures of
130.7, 946.9 and 492.3 degree-days, respectively. The pre-oviposition period was estimated at
280 degree-days. This model will be very useful in timing control tactics and sampling activities.
It appears that the best timing for insecticides is at 700 degree-days after first moth flight. This
degree-day total coincides with approximately 80% egg hatch and is prior to the appearance of
the fourth instar larva.
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BIOLOGY AND MANAGEMENT OF THE OBLIQUEBANDED
LEAFROLLER IN SWEET CHERRY

M. Omeg and H. Riedl
Mid-Columbia Agricultural Research & Extension Center, Oregon State University
3005 Experiment Station Dr., Hood River, Oregon 97031; omegm@bcc.orst.edu

Keywords: obliquebanded leafroller, Choristonuera rosaceana, sweet cherry, biology,
phenology model, temperature thresholds, spinosad, Success, methoxyfenozide, Intrepid

The project’s goal is to develop a predictive degree-day model for improving the control
of the obliquebanded leafroller (OBLR) in sweet cherry. Three mature cherry blocks
were sampled at regular intervals and the OBLR life stage noted to aid in the
development of a phenology model. Data from the 1999 and 2000 seasons were used in
model development. It was determined that a majority of the overwintering generation
larvae emerge from their hibernacula between stages 3 (green tip) and 5 (open cluster).
Sampling results suggest the larvae are evenly distributed throughout the top and bottom
sections of the free through bloom. Overwintering larvae begin to pupate in mid-May,
with most of them pupating by the end of May. Moth flight was monitored with
pheromone traps. Degree-days (°D) were calculated using thresholds of 29.4C ax/6Cuin
with a vertical cutoff using first moth catch as a Biofix point. These thresholds and
cutoff method are currently under review. The first flight (overwintering generation)
peaked (50% catch) at 170 °D after Biofix and was 95 percent complete at 600 °D.
Oviposition of the first flight began 120 °D after Biofix. Most of the egg masses had
been laid and their larvae emerged at 1050 °D. The first summer generation larvae were
easily detected at 620°D and became noticeable in fruit bins at 1100 °D.

Field trials were conducted to determine the effectiveness of Lorsban, Success, and Bt. at
various pre-bloom and pre-harvest application timings against the overwintering
generation (Table 1). Trials were also conducted to determine the effectiveness of the
insect growth regulator Intrepid (Table 2), and the Bt. formulations Deliver, Dipel, and
Javelin against the summer generation larvae (Table 3).

Laboratory experiments were conducted to compare the developmental rate (1/days) of
OBLR feeding on various food sources: old & young cherry leaves, old & young apple
leaves, old & young pear leaves and artificial diet. Development was fastest to slowest
- on: young pear, young cherry, old pear, old cherry, young apple, artificial diet and old
apple. Experiments were also conducted to determine the developmental threshold
temperature on OBLR larvae feeding on artificial diet. = The upper developmental
temperature appears to be 31.1C and the lower 10C. Results of these experiments
indicate that the threshold temperatures used for OBLR in sweet cherry may need
modification. Further analysis of field data and laboratory data will be used to establish
temperatures and cut-off methods for OBLR feeding in sweet cherry. Results of this
analysis will be available on the web at: www.ent.orst.edu/oblr/oblr.htm.
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Table 1. Average number of live OBLR larvae in sweet cherry trees treated with hydraulic handgun

with different insecticides and at different application timings; The Dalles, OR; 2000.

Trat Spray applications Ave. numb‘_zr of
o ' e ; larvae/tree/2-min. count
. I\fiﬂ:;ﬁlan?sn 122‘;2 Bud stage Date sprayed on 5/22/00
1 Success 2SC°  60z.  1: delayed dormant 3/21 325  bc
2 Success 28C°  6o0z.  1:delayed dormant 321 1.00 d
Success 28C° 6 oz. Shuck fall 5/13
3 Lorshan 4E’ 2qt.  1:delayed dormant 3/22 2.00  bed
4 Lorsban 4E 2qt.  1:delayed dormant 3/22 1.00 cd
Javelin WG 2 lbs. Shuck fall 5/13
5 Success 2SC' 6 oz. 3-4: open cluster 3/31 400 b
6 Lorsban 4E* 2qt. 3-4: open cluster 3/31 1.50  bed
7 Success 2SC’ 6 oz. 3-4: open cluster 3/31 1.00 d
Success 28C7 6 oz. Shuck fall 5/13
8 Lorsban 4E 2 gt 3-4: open cluster 3/31 250  be
Javelin WG 2 lbs. Shuck fall 5/13
9 Control - -— - 925 a

ANOVA: means followed by the same letter are not significantly different at p=0.05 (Fisher’s LSD Test)
' 1% Orchex oil added. *0.25% Orchex oil added.

Table 2. Average number of live OBLR larvae in sweet cherry trees treated by hydraulic handgun with
different Bt. insecticides; The Dalles, OR, 2000,

Tmt. Spray applications Spray Schedule Ave. no. of '
10 - Raie/ (total sprays) larvae/tree/2-min.
. Material acre count on 8/11/00
1 Check -- - 1375 a
2 Javelin 2 lbs. 900 °D; 2 weeks later (2) 225 b
Intrepid 2F 16 oz. . o
3 Latron B1956 12 oz, 900, 1200., 1500 °D (3) 0.00 c
4 Intrepid 2F 16 oz. 900, 1200, 1500 °D (3) 0.00 c
Intrepid 2F 16 oz. .
5 Latron B1956 32 oz 120 °Dy; every two weeks (4) 0.25 c
6 Intrepid 2F 16 oz. 120 °D; every two weeks (4) 0.25 c

ANOVA: means followed by the same letter are not significantly different at p=0.05 (Fisher’s LSD Test)

Table 3. Average number of live OBLR larvae in sweet cherry trees treated by hydraulic handgun with
different Bt. insecticides; The Dalles, OR, 2000.

Tmt Spray applications Ave. number of larvae/tree/2-min. count
no. %ﬁgﬁ;{?ﬁ lziiz/ Date sprayed P.;?l Z%?)y Post-spray 7/27/00
1 Deliver 11b. 7/19/00 9.25 375 a
2 Javelin 2 Ibs. 7/19/00 6.75 200 a
3 Dipel 2 ths, 7/19/00 8.5 250 a
4 Check -- 7/19/00 10 975 b

ANOVA: means followed by the same letter are not significantly different at p=0.05 (Fisher’s LSD test)
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Section 7: Mating Disruption/SIR

USE OF SUCCESS* NATURALYTE* INSECT CONTROL TO CONTROL CODLING
MOTH IN MATING DISRUPTION PROGRAMS IN APPLES

Vanelle Carrithers, Lyla Lampson, Steve Cockfield, and Ken Jenkins
Dow AgroSciences
28884 South Marshall Road
Mulino, OR 97042

Keywords: Success, spinosad, codling moth, Cydia pomonella, mating disruption

Introduction

Guthion 50WP has been the standard product targeted against codling moth for many
years in Pacific Northwest apple orchards. Success has good efficacy against codling moth when
population densities are low to moderate. Therefore, Success may have a good fit in codling
moth mating disruption programs since populations are kept low. In spray programs
incorporating codling moth mating disruption an initial cover spray is often applied to ensure
adequately low codling moth populations for mating disruption to be effective. If trap counts are
high, additional applications are often applied as needed. The objective of this study was to
evaluate the fit of Success as a first cover or as a rescue treatment in codling moth mating

disruption programs.

Material & Methods

Four commercial orchards in codling moth mating disruption programs were chosen for this
study. Three orchards (table 1) had enough pressure of codling moth early in the season to use
them for first cover comparisons. The forth orchard did not have insect pressure until later in the
season and was used for the rescue treatment comparison. This orchard was located in Brewster,
WA. Treatments of either Success at 8 oz product/A + 1% v/v summer oil or Guthion S0WP at
1.5 Ib/A were applied as second cover sprays to 5 acres each. Individual growers made decisions
on timing of the applications of these sprays with input from trap counts and field consultants.
All orchards had low to moderate codling moth pressure.

TABLE 1. Locations and treatments for codling moth mating disr

tion programs

ilton-Freewater, OR

elan,

7 acres each

5 acres each

5 acres each

Success § fl oz + 1% oil

Success & fl oz + 1% oil

Success 8 fl oz + 1% oil

S border only

Guthion 2 Ib Guthion 1.5 1b Guthion 1.5 Ib
Both products Both products Both products
Guthion full cover Success Both producis NONE

s

* Trademark of Dow AgroSciences, LLC
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Fruit damage assessments were conducted by visual observation for first generation injury prior
to thinning and later in the season for second generation injury. Two thousand to 2500 fruit
were evaluated for stings at each assessment period.

Results & Discussion

Success gave the same control of codling moth as Guthion when used as first cover
sprays. No fruit stings were observed in any treatment area at the rating prior to thinning. Fruit
evaluations in August and September showed that in 2 of the 3 sites Success provided
comparable control to Guthton when used as first cover spray. Site 2 had a tree row removed
next to the Success treatment area that may have increased the codling moth pressure on this side
of the orchard and in the tree row evaluated. The field person recommended that the grower treat
this border area again but the grower decided against an additional spray.

Both Guthion and Success gave the same degree of control when used as rescue
treatments in codling moth mating disruption programs.

TABLE 2. Percent fruit inj

in August/September




Mating Disruption/SIR

HIGH EMISSION, LOW DENSITY POINT PHEROMONE SOURCES FOR
MANAGEMENT OF CODLING MOTH AND LEAFROLLERS

Dr. Alan L. Knight, USDA, ARS, Wapato, WA

Keywords: Cydia pomonella, Choristoneura rosaceana, sex pheromone, mating
disruption

During the past two seasons I have tested the use of a sex pheromone-based management
program for codling moth that utilizes the aerosol Paramount puffer spaced inside an
orchard at a density of one unit per hectare (2.5 acres) and treating the orchard’s edges
with a full-rate of Isomate-C+ dispensers or the Isomate CM/LR dispenser. During 1999
we found no difference in moth catch per day in traps baited with either 1 mg or 10 mg
lures in replicated 40 acre plots treated either with puffers, or a half or full rate of
Isomate-C+. During the 2000 season we evaluated puffers in seventeen 40 acre orchards
for either codling moth alone or for both codling moth and obliquebanded leafroller.
Puffer-treated orchards were compared with similar orchards treated with Isomate-C+
and which only used insecticides to manage leafrollers. Data will be presented that
clearly shows that the puffer program was as successful as Isomate-C+ for codling moth
and reduce levels of leafroller-injured fruit ca. 60% compared with the insecticide-only
programs. A new passive, high-emission dispenser deployment program (M.B.A.) will
be presented
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FIELD RESULTS WITH SPRAYABLE CODLING MOTH PHEROMONE

Thomas E. Larsen, James Grenzebach, Lyla Lampson, Rick Hilton
Consep, Inc., 213 SW Columbia Street, Bend, OR 97702

Keywords: apple, codlemone, codling moth, Cydia pomonella, microencapsulated, sprayable,
pear, walnut -

Field trials were conducted in 2000 to determine the potential of a new microencapsulated
formulation of the codling moth pheromone, (E, E-8,10 dodecadien-1-0l) developed by Consep,
Inc. All trials were conducted in large non-replicated plots (10 acres or greater) in commercial
orchards and compared to conventional grower practices in most cases and hand-applied
codlemone dispensers in one location. Application methods included aerial, conventional air-
blast orchard sprayers and low volume applications. Water volumes ranged from 2 to 100 gallons
per acre. Treated crops were apples, pears and walnuts. Pheromone and non-pheromone treated
areas were monitored with 1x and 10x pheromone baited wing traps that were checked at least
weekly. At harvest, fruit were sampled and evaluated for codling moth damage. Treatments
were applied monthly or as needed, based on the level of moths captured in the pheromone-
baited traps.

At all Tocations the applications of the sprayable, microencapsulated formulation reduced the
capture of moths in traps as compared to conventional treatments. Reduction in trap captures
ranged from 98% in low-pressure orchards to a low of 78% in very high-pressure orchards.
Reduction in crop damage from 0% to 90% compared to conventional treatments. Based on
these preliminary non-replicated results, Consep, Inc. will continue to move toward
commercialization of a sprayable codling moth pheromone product for mating disruption.
Future research efforts will be directed at refining the most efficacious rates and determining the
longevity of individual applications under a range of cultural and environmental conditions.
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THE INFLUENCE OF SPRAY APPLICATION METHOD ON THE EFFICACY OF A
MICROENCAPSULATED SPRAYABLE CODLING MOTH PHEROMONE

Alan L. Knight (ARS, USDA, Wapato, WA) and Tom Larson {Consep Inc, Bend, OR).
Keywords: Cydia pomonella, apple, sex pheromone

Development of microencapsulated formulations of sex pheromones that can be applied
through standard orchard spraying technology holds promise. However, until recently
products containing the major sex pheromone component for codling moth have been
short-lived and only marginally effective. One approach to improve the effectiveness of
these products for codling moth is to target a greater percentage of the active ingredient
into the upper portion of the canopy. Increased efficacy in product deposition has the
potential to reduce the cost of this approach and improve its efficiency. Studies were
conducted to examine the deposition patterns of a typical air blast application versus a
new, low volume “over-the-top” application. The level of disruption with these two
approaches was compared and also contrasted with an application made directly on the
ground. This treatment was included to measure whether the pheromone not deposited in
the canopy is wasted. '

This study was conducted in a 30-year-old Red Delicious orchard near Naches, WA. All
treatments were made on 10 July, 2000. Three replicated 1.0 acre plots of each treatment
were randomized within the orchard and separated by at least 50 m. The four treatmenis
consisted of: 1) an untreated check, 2) a proprietary pheromone formulation at a rate of
100 gallons of water per acre with a small air blast sprayer, 3) the same formulation
sprayed with a modified herbicide sprayer that delivered the same rate of active
ingredient in 5 gal of water per acre, and 4) the pheromone formulation sprayed on the
ground with a herbicide sprayer at 5 gal per acre. Capsules treated with a fluorescent
pigment were added to the spray tank with the two canopy treatments. Fifty leaves from
the top and bottom of each plot were collected and examined under a blacklight. Within
each plot five female-baited traps and one trap either baited with a Consep Inc. 1x or 10x
Biolure.
Results

The pheromone formulation sprayed on the ground had some activity during the first 4
days of the test but showed no activity after 7 days. Levels of disruption were margmally
higher in the ‘over-the-top’ than the air blast application treatment through 22 days
(Table 1). These results were consistent with the density of capsules deposited in the
canopy. Capsule density was nearly 50% greater with the ‘over-the-top’ vs the air blast
application: 3.04 versus 2.03 capsules per leaf (Table 2). Capsule density was generally
greater on the bottom than the upper surfaces of leaves. Capsule densities were greater in
the top than the bottom of trees with the ‘over-the-top® application tnethod. Capsule
density was more uniform in the canopy with the air blast method.
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Table 1. Comparison of spray ainplication method with a micro-encapsulated

formulation of codling moth sex pheromone. The study was conducted on July 12,

2000, Naches, WA.

Days after Mean (SE) moth catch per trap type
Application  Treatment 1x Biolure 10x Biolure F-baited
4 ‘Over the top’ 0.33(0.33) 2.33(0.33) 0.07(0.07
Air blast 1.67 (0.88) 2.67(1.67) 0.27(0.12)
Ground 5.00(2.89) 5.67(2.96) 047(0.17)
Check 11.00(3.22) 16.00(3.79) 1.27(0.72)
8 ‘Over the top’ 0.00 (0.00)  0.00(0.00)  0.00 (0.00)
Air blast 0.00 (0.00) 0.67(0.33)  0.00 (0.00)
Ground 2.67(145) 233(027) 0.27(0.15)
Check 3.33(1.77)  3.67(2.03) 0.13(0.13)
15 ‘Over the top’ 0.67(0.21) 1.50(0.72) 0.27(0.10)
Air blast 2.50(0.56) 6.17(3.45) 0.90(0.56)
Ground 30.00 (16.95) 21.67 (5.30) 1.07(0.33)
Check 28.33(4.92) 27.33(4.39) 1.30(0.37)
22 ‘Over the top’ 3.33(1.05) 10.00(2.65) 0.03(0.03)
Air blast 4.17(1.35) 15.17(3.93) 0.57(0.37)
Ground 26.00(3.97) 29.67(3.88) 0.13 (0.06)
Control 16.33 (3.35) 36.33(4.72) 0.37(0.14)
29 ‘Over the top’ 3.67(0.96) 10.33(2.94) 1.60(0.31)
Alir blast 300(1.44) 333(L.17) 2.83(0.50)
Ground 47.67(9.62) 50.00(3.04) 5.53(1.03)
Control 23.50 (4.52) 30.33(7.33) 3.00(0.54)

Table 2. Mean density (SE) of fluorescent capsules in apple plots treated with either an
air blast or a low-volume ‘over-the-top’ spray application of a codling moth pheromone

formulation.

Canopy Height — Leaf Surface
Treatment High-Top High-Bottom Low-Top Low-Bottom
Airblast 0.36 (0.09) 1.52(0.32) 0.36 (0.11)  1.82(0.28)
‘Over-the-top’ 1.62 (0.35) 3.44(1.32) 0.86(0.22) 0.12(0.06)




Mating Disruption/SIR

MATING DISRUPTION OF CODLING MOTH USING SPRAYABLE
FORMULATIONS: TRAP SUPPRESSION AS A FIRST LOOK

Matt Singleton, Frances Cave, and Stephen Welter
University of California, Dept. of Environmental Science, Policy, and Management,
Berkeley, CA 94720

Keywords: Codling moth, Cydia pomonella, walnuts, mating disruption, pheromones

Mating disruption of codling moth has traditionally relied on hand-applied dispensers for
suppression of codling moth. New technologies such as sprayable formulations appear to
offer several advantages including ease of application, flexibility with application timing
and rates, use in large canopied tree crops, and reduced labor needs. Two products were
evaluated for suppression of codling moth traps as the first step in a more extensive
evaluation process. The assumption of the studies is that products that fail to suppress
traps are not expected to produce significant reductions in damage, whereas trap
suppression should not be construed as successful damage or mating suppression.

Instead it is viewed only as a first necessary step before more risky crop evaluation trials
are initiated.

A sprayable formulation of codlemone by Consep was tested in a replicated trial in |
walnuts using 2-acre plots. Each of three treatments were replicated 3 times: non- |
pheromone treated grower plots, plots with 400 Isomate dispensers per acre, and plots

treated with the Consep sprayable at 20 gm ai per acre. Only a single application was

made of the sprayable formulation using conventional speed spray technology. The

Isomate treated plots were applied on 5/13, whereas the Consep applications were made

on May 17. Sterile codling moths from the SIR program in Penticton, Canada, were

released into all plots on a weekly basis. Two releases of ca. 800 moths per release point

were made within each plot. Similarly, 2 traps baited with 1 mg and 2 traps baited with

10 mg lures were placed within each plot. Traps were monitored on a weekly basis. The

Isomate treated plots were included as a standard measure of trap suppression from a

program that has had excellent success in the past. One hundred percent trap suppression

was not expected with such high population pressure.

A similar approach was used for a sprayable formulation of codling moth by 3M.
However, rather than use replicated plots, a range of application rates were used on 2-
acre plots. The application rates were 5, 10, 20, 40, 80, and 150 gm ai per acre using a
conventional speed sprayer at 100 g per acre. We had anticipated using a regressional
approach to understanding the relationship between application rates and trap suppression
to define the shape of the relationship.

Both products provided excellent suppression of codling moth traps far beyond

expectations. Both products provided approximately 81 days of suppression until an
application of organophosphate terminated the experiment as a confounding vartable.
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The Consep product provided equal or superior suppression compared to the Isomate
treated plots until 8/2 with greater than 90% suppression. Similarly, the 3M treated plots
showed trap suppression roughly equivalent to the Isomate treated plots, but the variation
was higher. While the best trap suppression was observed at 80 and 150 mg ai per acre
for the 3M product, there was no strong rate response observed. As the season
progressed, the lower application rate of 20 mg ai per acre appeared inadequate at several
points, but the pattern amongst rates was not consistent with the 5 gm ai per acre
providing good suppression during the same period.
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TRAP SUPPRESSION USING DIFFERENT CM

PHEROMONE DISPENSERS

Lucia G. Varela and Greg Balog
University of California Cooperative Extension and Statewide IPM Project
Santa Rosa, California 95403

Keywords: Codling moth, Cydia pomonella, mating disruption, pears, Checkmate,
Isomate-C+

Two hand-applied dispensers of codling moth pheromone are commercially available:
BioContol’s Isomate-C and Concep’s Checkmate in California. To compare these two
products we measured trap suppression in side by side plots by releasing sterile codling
moth males, assessing trap catches in each plot. The release of sterile males gives a
greater population with which to measure trap shutdown than that of the natural
population. Two plots of ten acres each were set up, one with Isomate-C and the other
with Checkmate and replicated in three orchards. Sterile codling moths obtained from
Canada were released at a rate of 800 moths per acre in each plot. Traps were set at the
top of the trees in a grid pattern in each of the10 acre plots. Traps were checked every
other day for 10 days following release. Four releases were done at approximately 300,
650,1200 and 2000 degree-days. The release times were chosen to coincide with codling
moth flights to estimate how the dispensers were performing during those periods. There
was a statistically significant difference among treatments (p<.01) and release dates
(p<.01). We also measured dispenser longevity through periodic laboratory analysis and
by following weight loss for the BioControl dispensers. '
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AREA OF INFLUENCE OF AEROSOL EMITTERS: IMMEDIATE AND
RESIDUAL EFFECTS

Frances Cave, Matt Singleton, and Stephen Welter
Umyversity of California, Dept. of Environmental Science, Policy, and Management,
Berkeley, CA 94720

Keywords: Codling moth, Cydia pomonella, walnuts, pears, mating disruption,
pheromones

Aerosol emntters of codling moth (puffers, microsprayers, MISTRs) have now been
used on large acreage in N. California for control of codling moth. However, our
understanding of the area that a puffer can infiuence has proven difficult to estimate.
Starting in 1999, a means to indirect image the area of influence of a puffer was
developed using a grid of traps and released sterile codling moths. This approach was
again used in 2000 in pears and walnuts to determine the relative shape and size of
the area of influence of a single puffer, which is assumed at this point to be
synonymous with the pheromone plume. Trap suppression is used as an indicator of
influence rather than direct fruit damage, given that the release of sterile moths also
influences rates of damage.

A series of grids were established of different size and shapes within orchards. At
each grid point, a trap baited with lures containing 1 mg of codlemone was hung and
monitored roughly every 1-2 days depending on the trial. Near each trap, a release of
800 sterilized codling moths (ca. 400 males and 400 females) was made. Sterilized
moths that have been sterilized can be distinguished from wild moths due to an
interior pink dye. Moths were recaptured and examined for the internal dye. The
assumption of the trial is that in areas where there are either sufficient levels of
pheromone or where sufficient levels have passed recently over the area will show
trap suppression. Areas that do not have sufficient levels of pheromone would be
expected to have higher trap counts. The aerosol emitters were allowed to emit every
15 minutes at 15 mg ai per puff for either 12 or 24 hours per day. Traps baited with 1
mg lures of codlement were placed at ca. 6-8 feet in the lower portions of the canopy.

Results similar to 1999 in pears were also observed in walnuts. The pheromone
plume appears to influence at least 1500 feet downwind and several hundred feet in
either direction laterally, as shown in a representative figure (Fig. 1). The plumes had
less clear boundaries in 2000 than in 1999, but both the walnut and pear orchards
were more open than the more closed canopies of pear orchards used in 1999. The
presence of the wide roadway appeared to suggest a disruptive influence on the plume

integrity.

One of the more interesting results was the residual effect of the pheromone plumes.
Twenty-four hours after the puffer was turned off, the same levels of trap suppression
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were observed in the same areas that were suppressed previously. By 48 hours, the
length of the residual plumes had retracted much closer to the source puffers. By 72
hours, only the area immediately surrounding the puffer appeared to have any
residual activity. However, additional studies looking at moth dispersal and behavior
in different locations in the plume structure will need to be studied.
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7. Mating Disruption/SIR
EVALUATION OF MEC FORMULATIONS IN MICHIGAN

Larry Gut, Peter McGhee, Mike Haas, Carlos Garcia-Salazar and John Wise
Department of Entomology and Center for Integrated Plant Systems
Michigan State University

Keywords: oriental fruit moth, obliquebanded leafroller, apple, peach, mating disruption

Currently the most widely used method of pheromone deployment for pest control in fruit crops
is the hand-applied dispenser. Two rope dispensers, Ismote C Plus and Isomate M100, are
widely used for control of codling moth and oriental fruit moth, respectively. Sprayable
formulations have been developed for some key fruit pests and may provide a better fit in some
fruit production regions. They can be used as-needed and tank-mixed with other sprays. The
major weaknesses of sprayable formulations are that they must be applied at very high rates and
they have only provided 2-3 weeks of activity. In this project, entomologists have teamed up
with agricultural engineers to develop and test methods that will deliver microencapsulated
(MEC) formulations of sprayable pheromones to fruit crops in a more efficacious manner than is
currently achieved.

Targeted Deposition: The field efficacy of the MEC formulations applied with a standard
orchard air-blast sprayer or a “targeted tower system” was directly compared at the MSU Trevor
Nichols Research Center (TNRC). Four treatments were compared: 1} MEC applied at a
reduced volume in the upper canopy using a Proptec experimental atomization unit, 2) MEC
applied in the whole tree canopy using a standard air-blast sprayer, 3) MEC applied to the
orchard floor using a standard air-blast sprayer and 4) a no pheromone control. Capture of
oriental fruit moth (OFM) males in lure-baited pheromone traps was be used to evaluate the
effectiveness of treatments in test plots.

m All nozzles
160 1 |= Low nozzles 1
@ Proptec
140 { |3 Coptes
120 1
100
80 A
60 A
40 -
20 -
0 M. |1,
3 7 10

Days post-application
Fig. 1. Performance of MEC-OFM using different application methods.
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Mean OFM males/trap
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Fig. 2. Moth captures following early and late season applications of MEC-OFM.

The all nozzle treatment provided the best suppression of moth catches (Fig 1). Unexpectedly,
the lower nozzle application suppressed activity as well as the targeted (Proptec) application.
For MEC-OFM treatments, each of the two application methods inhibited moth catches for about
21 days. Measurements of pheromone concentrations on the foliage following MEC sprays
revealed a good relationship between pheromone deposition and activity.

Field performance: The performance of Phase Il formulations of MEC for oriental fruit moth
(OFM), redbanded (RBLR) and obliquebanded leafroller (OBLR) were evaluated in small-plot
{0.15 ac) trials at the TNRC. Pheromone and non-pheromone treatments were replicated four
times. MEC formulations were applied at rates of 28 gm AI per acre for oriental fruit moth
(OFM) and 38 gm Al per acre RBLR and OBLR. Capture of males in pheromone traps, larval
densities and levels of fruit injury were used to evaluate product performance. Pheromone traps
baited with lures were placed in orchards at a density of 1 per test block. The number of male
moths captured was recorded weekly. Larval densities were estimated by inspecting new shoots
for signs of larval feeding (flagging). Fruit injury at harvest was evaluated by examining 100
apples in each test block.

Changes in moth captures in pheromone traps indicated increased length of activity of the Phase
I MEC-OFM and MEC-LR formulations compared to Phase I formulations. The first OFM
application was made at the start of the second flight. A second spray was applied 3 weeks later
at peak flight. These treatments suppressed moth captures throughout the second and third
generation flights (Fig. 2). The first MEC-LR spray was applied in early-June. Leafroller moth
captures were initially inhibited, but numbers increased dramatically following heavy rains (ca 3-
in). A second application significantly inhibited RBLR captures for 6 weeks and OBLR captures
for about 4 weeks.
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MATING DISRUPTION OF MOTH PESTS IN MICHIGAN
USING THE MSU MICROSPRAYER

Larry Gut, Piera Giroux, Peter McGhee, Carlos Garcia-Salazar and James Miller
Department of Entomology and Center for Integrated Plant Systems;

Keywords: oriental fruit moth, codling moth obliquebanded leafroller, apple, pheromone, mating
disruption, microsprayer, puffer

Placement and blend effects: Microsprayers field-tested during 2000 consisted of aerosol cans
containing ethanolic solutions of pheromone components and pressurized by the low molecular
weight hydrocarbon propellant A70. Pheromone was dispensed from a Ford automotive fuel
injector whose solenoid valve was instantaneously opened every 4 min. so as to release 8
microliters of solution as droplets ranging in diameter from infinitely small up to several
millimeters. Microsprayers were hung at a density of 2 per acre and placed at an angle in the tree
canopy so that some pheromone solution was deposited at all elevations from tree top to orchard
floor.

Tests in apples were were aimed at oblique-banded (OBLR) and red-banded leafrollers (97%
(Z)-11-14:Ac and 3% (E)-11-14:Ac at 820 mg/acre/day), oriental fruit moth ((Z)-8-12:Ac at 260
mg/acre/day) and codling moth ((E,E) 8, 10:0H at 730 mg/acre/day). A hand-applied treatment
using Isomate CM/LR was also included in one of the studies. In two large and highly uniform
orchards, the effects of Microsprayer placement was evaluated by comparing moth catch in traps
sandwiched between Microsprayers or bordered by Microsprayers on one side only. The
potential importance of using a more complete blend for OBLR disruption was also evaluated in
these large orchards. The complete blend consisted of 97% ((Z)-11-14:Ac, 3% ((E)-11-14:Ac
and 0.4% ((Z)-11-14:0H at 820 mg/acre/day).

Moth captures were significantly impacted by trap position relative to the location of
Microsprayers. Inhibition of moth catch was consistently higher for traps sandwiched between
rows of Microsprayers compared to traps bordered by Microsprayers on one side only (Fig. 1).
The addition of (Z)-11-14:0H to the leafroller blend improved the performance of Microsprayers
against OBLR, but reduced performance for RBLR. OBLR moth captures were disrupted 95%
using the 3-component blend, but only 85% by the 2-component blend. Microsprayers did not
provide high levels of disruption for codling moth (CM) and oriental fruit moth (OFM). The
provided 70-90% inhibition of OFM moth catch in pheromone traps and about 50% inhibition of
CM catches. Isomate products provided very high levels of disruption. Insecticide treatments
were also made in all blocks, thus fruit damage was low for all freatments.
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Fig. 1. Effect of trap position relative to disruption source on obliquebanded leafroller moth
catch.

Pheromone compatability: Our poor results for CM were inconsistent with the promising
results reported for the Paramount Farming device in tests conducted in the western US. We
found no difference in disruption in direct comparisons of the performance of the Microsprayer
and the Paramount Farming device. One of the major differences between our tests and those
conducted in the west was the combined use of CM and OFM pheromones in our experiments,
but the use of CM pheromone alone in the west. Thus, we set up studies to evaluate the
compatibility of CM and OFM pheromone components. Experiments were conducted in 1-ac
apple blocks at the MSU Trevor Nichols Research Center and a commercial farm in southwest
Michigan. Four treatments were compared, CM pheromone only, OFM pheromone only, CM
and OFM pheromone combined and no pheromone (ethanol only). A single Microsprayer was
placed on the upwind edge. Performance was measured by capturing moths in 30 traps placed in
a grid pattern.

Preliminary analysis of the results suggests that CM and OFM pheromones may not be
compatible when used in Microsprayers. The active space was different when the combined
pheromones were used compared to when the pheromone for one insect only was emitted.
Specifically, the active space was small when Microsprayers emitted both pheromones We plan
on expanding on this work in the 2001 season.
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WALNUT PMA: DEVELOPING A CODLING MOTH MATING DISRUPTION PROGRAM

C. Pickel, W. Bentley, S. Welter, T. Prichard, R.Buchner, W. Olson, J. Hasey, and J. Grant
UCIPM, Sacramento Valley, 142-A Garden Hwy, Yuba City, CA

Keywords: Codling moth, Cydia pomonella, walnuts, mating disruption, Isomate C+, Trichogramma
platneri, lorsban and confirm.

The Walnut Pest Management Alliance (PMA) was established with the funding provided by California
Department of Pesticide Regulation (CDPR) in 1998 to develop a statewide broad-based demonstration
and implementation project designed to encourage adoption of reduced-risk pest management programs
in commercial walmuts. The PMA is a cooperative group effort that includes the University of
California research and extension, walmat growers and industry, Biologically Integrated Orchard
Systems (BIOS), and pest control advisors. In the second year of the Walnut PMA, the program
continues to promote reduced-risk products and to improve communication and cooperation among the
groups involved. The primary pest of walnuts is the codling moth, Cydia pomonella and is the focus
pest of the Walnut PMA. These efforts attempt to control the economic damage of this pest by
implementing reduced risk practices. The Walnut PMA research project included six early cultivar
walnut orchards ranging from Fresno county to Tehama county. Treatment areas were approximately
five acres with the exception of the untreated control that was one acre. The treatments consisted of
Isomate C+, Isomate C+ and Trichogramma pianteri, Isomate C+ and chlorpyrifos or Confinn, the
grower standard, and the untreated control. The Isomate C+ was applied, at a single application, at a
rate of 400 per acre shortly after biofix. T. planteri was aerially applied once per week for four weeks
during the second generation and once per week for four weeks during third generation at a rate of
200,000 per acre. The grower standard consisted of the growers normal farming practices which
normally includes organophophate and pyrethroid use. Orchards were monitored intensively using
Trece® Delta traps, nut drop counts, canopy counts after each generation, and harvest samples. Harvest
evaluations depict that the combination of Isomate C+ and Lorsban treatment had the best codling moth
control. The second best codling moth control was the grower standard, followed by the Isomate C+
alone, and finally the Isomate C+ and T. planteri treatment. These results have confirmed that mating
disruption can be used successfully in walnut orchards. Growers have not readily adopted these reduced-
risk alternatives because these practices are perceived as high risk and more expensive than using
conventional broad-spectrum insecticides.  Reduced-risk programs require multiple years of
implementation in order to gain the confidence of commercial walnut growers. The performance of
reduced risk techniques requires a commitment and teamwork so that the long-term effects are
accurately studied. Failure to adequately research reduced risk product may lead to the devastating
economical effects of increased pest pressures.
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MICROENCAPSULATED PHEROMONES:

IMPROVEMENTS IN RELEASE RATE, STABILITY AND RAINFASTNESS

M.J. Irwin
3M Canada Company
P.O. Box 5757
London, Ontario
N6A 4T1

3M, in collaboration with research scientists, extension agents, industry representatives
and growers, is developing microencapsulated formulations of pheromones for delivery
into agronomic and horticultural crops. Although sprayable pheromone formulations were
first evaluated in the early 1970s and 1980s, serious problems associated with release
rate, stability and longevity limited efficacy and commercial acceptance. In 1999, 3M
adopted a comprehensive model for development of sprayable pheromone formulations.
3M has made advances in several critical areas relevant to improved lab and field
performance. 3M will provide an update on laboratory and field experiments carried out
in 2000. Specifically, lab and/or field data will be presented on release rates, stability,
longevity and rainfastness. 3M has also developed proprietary technology to encapsulate
the all major classes of Lepidopteran pheromones including acetates, alcohols, and
aldehydes.
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8. Tree Fruit Diseases

STUDIES IN THE BIOLOGY AND CONTROL OF OAK ROOT FUNGUS IN CALIFORNIA
PEAR ORCHARDS

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

David M. Rizzo
Dept. of Plant Pathology; University of California; Davis, CA 95616

Keywords: Oak root fungus disease, Armillaria melea, Trichoderma sp., irrigation, metam
sodium (Vapam®), sodium tetrathiocarbonate (Enzone®), propiconazole (Orbit®), Brassica
Jjuncea (India mustard)

Oak root fungus disease caused by the soil borne pathogen Armillaria mellea has become
increasingly severe in pear orchards on the North Coast of California, particularly along riparian
corridors. Since 1996, a number of studies have been conducted which have shown that 1) the
increase has likely been hastened by changes in cultural practices, particularly irrigation, 2) the
pathogen is spread primarily by rhizomorph growth through the soil, with root to root contact
being a minor form of spread, 3) rhizomorphs rarely extend more than 30 cm. into the soil so
infection sites are quite localized, 4) the root collar is as likely an infection site as peripheral
parts of the root system, and 5) pear trees appear to tolerate infections on peripheral parts of the
root system but decline quickly when the root collar becomes infected.

Several management strategies are being attempted as a result of the above findings. Pre-
and post-plant fungicides are being tried as a means of preventing infection by rhizomorphs.
Materials include metam sodium (Vapam®) (pre-plant only), sodium tetrathiocarbonate
(Enzone®) (pre- and pre + post-plant), and propiconazole (Orbit®) (post-plant). Treatments are
applied each year as infected trees are removed and replanted. Percent tree survival and trunk
caliper 10 cm. above the graft union are recorded yearly.

The second tactic tried was excavating the roots and crowns to a minimum of two meters
and minimum depth of one meter using supersonic air blasting to expose them to air. On 7 of the
11 blasted trees with Armillaria, the mycelial fans have dried and become discolored; in several
cases the fan could not be located one year after exposure. The naturally occurring antagonistic
fungus Trichoderma sp. has also colonized the dried mycelial fans. Vigor ratings and water
status have measurably improved or stabilized on these trees.

Based on the excavation experiment, it is now thought that it is critical to avoid burying
the root collar of the trees (many are buried up to 50 cm. below the soil line). Exposing the
collar would 1) offset the influence of excessive moisture from frequent and prolonged
irrigations, 2) prevent initial infection by rhizomorphs and likewise restrict infection to
peripheral root parts, and 3) allow infected tissue to recover.
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The final tactic currently being tested is the use of a mustard cover crop (i.e. Cutlass India
mustard) to act as a natural fungicide. A replicated field trial was established in September 2000
based on laboratory data that showed that mycelial growth was inhibited 50-80% compared to
untreated controls.

Other components in progress by collaborating researchers or being planned are 1) to.
determine the effects of various irrigation regimes on fungus viability and tree health (i.e.
sprinkler vs. flood, application frequency, etc.), and 2) screening of new pear rootstocks for
Armillaria resistance.
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Minutes of the 74" Annual Meeting
Western Orchard Pest and Disease Management Conference
Imperial Hotel, Portland, Oregon
January 5-7, 2000

I Call to Order: The 74" Annual Meeting was called to order by the Chair Tim Smith at 10:00 AM. Chair Smith
extended an official welcome to everyone. Introductions were then made around the room. Chair Smith introduced
section leaders. They were:

Biology/Phenology - Tim Smith
Mating Disruption/SIR - Don Thomson
Thresholds/monitoring; - Phil Van Buskirk
Implementation ' - Jeff Olsen
Biological Control - Mike Bush
Chemical Control/New Pesticides - Elizabeth Beers
Pesticide Resistance - John Dunley
Tree Fruit Diseases - Rachael Elkins

H. Old Business

A. Reading of 1999 Minutes: It was moved and seconded that the reading of the minutes be dispensed with and that
the minutes be approved as written. Secretary Thomson indicated that the minutes would posted at the registration
desk.

Chair Smith called for any other old business. There was none.

H. New Business

A. Committee Assignments: The following committee assignments were made:
Neminations: Bob Van Steenwyck, Helmut Ried! and Elizabeth Beers -
Audit: Mike Bush, Phil Van Buskirk and Pat Weddle
Resolutions: Alan Knight and Broc Zoller

B. Other: Chair Smith asked if there was any other new business. Secretary Thomson stated that WOPDMC
members needed to be advised of problems associated with the current administrative structure. He suggested that
the matter be discussed at the business meeting on the last day of the conference. There being no other new business,
Chair Smith adjourned the business meeting at 10:30 AM until after the final paper on Friday, January 7.

ITI. Closing Business Meeting:
The closing business meeting was called to order by Chair Smith at 11:00 AM on January 7.

A. Committee Reports:
1. Nominations: :
The nominating committee nominated Barat Bisabri as chair elect for the 2002 meeting and Don Thomson as
Secretary/Treasurer for the 2001 meeting. A motion was made and seconded to accept the recommendations of
the nominations committee. The motion passed unanimously. Betsy Beers will be the Chalr for the 2001 meeting.

2. Audit: .

Chair Smith asked for the report of the auditing committee. The treasurers report was audited by the auditing
committee and they reported it to be in good order. A motion was made and seconded to accept the treasurer’s
report. The motion passed. Don Thomson then read the Treasurer's Report.

Secretary Thomson then reported on the problems that he had trying to establish a bank account in the name of
Western Orchard Pest and Disease Management Conference. He tried to open an account in the name of the
WOPDMC at several banks in Seattle but he was not able to do so. As a result, he was not able to deposit last
year's check made out to the organization.




Secretary Thomson then went over issues related to the establishment of a business/organization bank account. A
bank account in the name of a business or organization cannot be opened unless there is a Federal Tax ID Number
and in Washington State, a Universal Business Number (UBI). The WOPDMC organization has an Federal Tax
ID number. Secretary Thomson stated that it is possible to open a personal account using the name of an
organization. However, the account would have to be linked to the individual's social security number and that
person would be responsible for any interest earned. In addition, the IRS disapproves of such accounts and as a
result, banks are increasingly reluctant to open these accounts.

Secretary Thomson contacted a law firm in Vancouver, WA and received a two-page report on how the
organization could be structured. In addition, he spoke with Nancy Hays, a WOPDMC member and a certified

- chartered accountant about the matter. Secretary Thomson proposed that the WOPDMC set up a commitiee of
three people to further investigate the situation and report to the membership. A motion from the floor was made
and seconded. The motion passed. The committee members selected were Don Thomson, Nancy Hays and Glenn
Fisher.

3. Resolutions:
The resolutions committee report was requested and then read by Chair Smith. The committee proposed the
following:

a. Be it resolved that this conference extend written appreciation to the management and staff of the Imperial
Hotel for the courteous service and the fine accommodations provided.

b. Be it resolved that the members of the conference express their appreciation to Chair Tim Smith, and
Secretary/Treasurer Don Thomson for their leadership and dedication in organizing the 2000 meeting.

c. Be it resolved that the members of the conference extend their appreciation to Glenn Fisher and Deanna
Watkins for preparing the research report abstracts as well as to the section leaders: Tim Smith, Don Thomson,
Elizabeth Beers, Mike Bush, John Dunley, Phil Van Buskirk. Jeff Olsen and Rachael Elkins.

A motion was made and seconded to accept the resolutions as read. The motion passed.

B. Relocation to New Facilities:

A new committee was struck to investigate a possible move to new facilities. Betsy Beers and Tim Smith were
nominated to the committee. Betsy and Tim reported on their discussions with the Hilton Hotel. The Hilton Hotel
would charge $95 for a single/double room and $10 per night for parking. The meeting rooms would be provided at
no cost. It was also moved and seconded to conduct a poll of the membership about a move to a new facility.

B. Wine and Cheese Party for the 75th Anniversary
Someone ask about having 2 wine and cheese party next year for the organizations 75th anniversary. Chair Smith
indicated that the suggestion had been previously brought to the attention of Secretary Thomson.

It was announced that the meeting dates for the 2001 meeting will be January 10, 11, & 12th . The meeting will
start at 10:00 AM on Wednesday, January 10™,

Chair Smith thanked those who had attended and helped in various capacities to make the 74" Pest and Disease
Management Conference a success. Chair Smith tumed over the proceeding to Chair Elect Betsy Beers. She
adjourned the meeting. :

Respecifully Submitted,

Denald R. Thomson
Secretary/Treasurer

o



~

Sample Page MLA o w,g,,_,(:_ym{;;f/v,- {,-'ixvs,;,, e Page 1 of 4
L plf v
i)
e e :va/Lﬁt/i P70 el L
A

Western Orchard Pest and Disease Management Conference

Proceedings from the
75th Annual Western Orchard Pest and Disease Management Conference
January 10, 11, & 12, 2001

Back to WOPDMC index page

Papers are saved as individual Adobe Acrobat PDF files. To retrieve a paper, click on the page number, Not all papers
are yet available, but we're getting there.

Session: Biological Control Moderator: Andy Kahn
Page Author(s) Title o
5//41 Andy Kahn, Travis Schoenwald and  Effect of Kaclin (Surround) on western tentiform leafminer and its
Betsy Beers principal parasitoid, Prigalio flavipes
#.~43  Christian H. Krupke and Jay F. Identification of parasitoids of the consperse stink bug in north central
Brunner Washington, and-attraction to host-produced aggregation pheromone
/517 Lawrence. A. Lacey and Thomas. R.  Use of insect pathogens for control of codling moth and other
Unruh Lepidopteran pests of apple in the Pacific Northwest of the United
States
49  Tammy K. Wells-Wilkinson, Parasitism of obliquebanded leafrolier, Choristoneura rosaceana

Douglas A. Landis, Larry J. Gut, & (Harris) (Lepidoptera: Tortricidae), in Michigan apple orchards
William C. Kaufrman

51 H. Riedl Biological pear psylla control in orchards treated with mating disruption
and organophosphate insecticides

Session:Chemical Control/New Products Moderator: Len‘Welch

Page Author(s) Title

53 R, A.Van Steenwyk Control of codlin.g moth with nicotinoid, pyrethroid, and reduced risk
insecticides in pears

55 Jay F. Brunner, Mike Doerr Comparison of apﬁiication methods for control of insects

37  R.A.Van Steenwyk True bug control with nicotinoids in pears

39 R, A. Van Steenwyk True bug control with pyrethroids in pears

61 T.J. Niedlinger and A.E. Duttle Intrepid(tm): New motlt accelerating chemistry for control of

lepidopterous pests in pome fruits of the Pacific Northwest

63 H. Reissig, Cynthia Smith, and David Field and laboratory tests of new insecticides against the apple maggot

Combs

65  David Combs, W. Harvey Reissig Evaluation of pdtential insecticides for use in organic apple production
and Cindy Smith o

$9  David Combs, W. Harvey Reissig Evaluation of insecticides against New York apple arthropod pests,
and Cindy Smith 2000.

73 J.E. Dunley, B. M. Greenfield, L. H. Evaluation of new miticides for control of spider mites in pear
Bennett, and G. T. Hannig

iz JohnE.Dunley, Greg T. Hannig, New insecticide evaluation for prebloom control of pear psylla
Bruce M. Greenfield and Larry H.
Bennett
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Bennett

John E. Dunley, Bruce M.
Greenfield, Larry H. Bennett, and
Greg 'T. Hannig

H. Riedl, D. DeVore, S. Emmons, J.
Farnsworth, (5. McCarty, M. Omeg,
and J. Snelling

J. E. Dunley, B. M. Greenfield, and
L. H. Bennett

I.E. Duniey, B. M. Greenfield
Michael Reding & Diane Alston

Walt Bentley, Lee Martin, Dick Rice,
Brian Ribeiro, and Kevin Day

Alan Knight, Doug Light, and Scott
Lingren

Brian Deeter & Mark Parrish
Gary Melchior
Kurt Volker and Aaron Burkey

Richard J. Hilton and Philip
VanBuskirk

Richard 1. Hilton and Philip
VanBuskirk

Michael Reding & Diane Alston

Barat Bisabri, Robert Van Steenwyk,
Steve Dietz, and Tim Ksander

Zhongmin Wei, Steven P. Parker

Mike Willett, Hugh W. Ewart and
James R, Cranney Jr.

Walt Bentley, Brent Holtz, Lee
Martin, Brian Ribeiro, Chris Wiley,

Session: Pesticide Resistance
Page Author(s)

115

John E. Dunley, Jay F. Brunner,
Michael D. Doerr, and Elizabeth H.
Beers

Peter W. Shearer, K. Amin Usmand,
Greg Krawczyk2, Larry Hull2,Larry
Gut, Harvey Reissig, and Art
Agnello

Session: Biology/ Phenclogy
Page Author(s)

112
121
123
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Greg T. Hannig and John E. Dunley
H. Riedl

Barry B. Bai, Kerri Schwarz, Karl
Puls, Jennifer O'Neil
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New insecticide evaluation for postbloom control of pear psylla
Use of Kaolin and Raynox for seasonal control of pear psylla

New insecticides for pear psylla (Homoptera: Psyllidae) and codling
moth (Lepidoptera: Tortricidae) control

Evaluation of new insecticides for control of grape mealybug

Seasonal control of codling moth in pears
Calypso & Intrepid for control of codling moth

Further investigations in the management of San Jose scale with narrow
range horticultural oil

Management of codling moth with DA2313: A bisexual attractant

Assail - a new product for codling moth control
Mesa: A new miticide/insecticide for use in pome fruit

Warrior T for control of codling moth, western tentiform leafminer, and
rosy apple aphid on apples and effects on mites

Pear psylla prebloom control options
Evaluation of two new acaricides in pear

Success for control of peach twig borer in peaches

Success®, A new tool for stone fruit IPM

Messenger(r) a new tool for IPM

Pesticides of interest to Northwestern U.S. deciduocus tree fruit
producers )

Developing insecticide treatment guidelines for obliquebanded
leatroller, Choristoneura rosaceana, in Pistachio

Moderator: Steve Parker
Title

Baseline insecticide tolerances and cross-resistance in Choristoneura
rosaceana and Pandemis pyrusana (Lepidoptera: Tortricidae)

Toxicological respbnse of male oriental fruit moth collected from
eastern apple orchards to azinphosmethyl

Moderator: Peter Landolt

Title

Reproductive differences between sex ratios in pear psylla
Pear thrips (Thysanoptera: Thripidae): An old pest reawakens

Detection, flight phenology, and population monitoring of Oriental fruit
moth and lesser apple worm in the Willamette Valley, OR
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Alan L., Knight
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Alan L. Knight and Tom Larsen

Matt Singleton, Frances Cave, and
Stephen Welter

Lucia G. Varela and Greg Balog

Frances Cave, Matt Singleton, and
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Larry Gut, Peter McGhee, Mike
Haas, Carlos Garcia-Salazar and
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McGhee, Carlos Garcia-Salazar and
James Miller
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Ted Alway
A. Brooke Peterson
Vanelle Carrithers, Astrid Gebhard

David Epstein, Larry Gut, Charles
Edson, Pete McGhee, and Dan
Waldstein

S. D. Cockfield and A. T.. Knight

Peter W. Shearer, Atanas Atanassov,
George Hamiltonl, and Dean Polk1

H. Reissig, A. Agnello, I. Nyrop, and

R. Straub
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Courtship behavior of obliquebanded and pandemis leafroller

Suitability of weeds and crops as hosts for Lacanobia subjuncta

Development and validation of a degree day model to predict phenology
of Lacanobia fruitworm, Lacanobia subjuncta

Biology and management of the obliquebanded leafroller in sweet
cherry

Moderator: Chris Nobbs
Title

Use of Success* Naturalyte* insect control to control codling moth in
mating disruption programs in apples

High emission, low density point pheromone sources for management of
codling moth and leafroliers

Field results with sprayable codling moth pheromone

The influence of spray application method on the efficacy of a
microencapsulated sprayable codling moth pheromone

Mating disruption of codling moth using sprayable formulations: Trap
suppression as a first look

Trap suppression using different CM pheromone dispensers

Area of influence of aerosol emitters: Immediate and residual effects

Evaluation of MEC formulations in Michigan

Mating disruption of moth pests in Michigan using the MSU
microsprayer

Walnut PMA.: DevéIoping a codling moth mating disruption program

Microencapsulated pheromones: Improvements in release rate, stability,
and rain fastness

Chair: Bob Van Steenwyk

Title

The Wenatchee Valley Pear IPM Project: Year 2
WSHA pear IPM project

Control of Western flower thrips in apples using Success* Naturalyte*
insect control

Michigan Apple IPM Implementation Project - Year Two
Brewster Dual Areél_wide Management Project - Third year
Reducing OP and carbamate use in New Jersy peach orchards

Management of the obliquebanded leafroller and organophosphate
insecticide resistance with soft pesticides in New Y ork apple orchards
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sampling

Page Author(s)
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Broc Zoller
Broc Zoller
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S. D. Cockfield
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Areawide control of cedling moth using the Paramount Aerosol
Pheromone Dispenser(r) (Shorey "Puffer") in Lake County, California
1996-2000

A systems approach alternative to methyl bromide fumigation for the
export of apricots, nectarines, and peaches to British Columbia, Canada

Moderator: Vince Jones

Title

Monitoring codling moth in apples with a bisexual attractant
Oriental fruit moth monitering in Washington, 2000 |

Oviposition preference of codling moth between cut and uncut fruit of
Bartlett, Bosc, and Beurre hardy cultivars in the Sacramento Valley

Biased sampling of codling moth oviposition using a cut froit technique
to monitor mating disruption in Bartlett pears h

A comparison of insects and spiders overwintering in conventional and
CM mating disruption IPM programs

Flight of codling moth within mating-disrupted orchards
Apple maggot monitoring in Washington
Improvements in feeding attractants for noctuid moths

Evalvation of a food-bait lure for monitoring of Lacanobia fruitworm,
Lacanobia subjuncta

Field attraction of consperse stink bug to synthetic pheromone sources

Interaction of herbivory and water stress on whole canopy
photosynthesis in' apple

Western Orchard Pest and Discase Management Conference 2001
Washington State University

Tree Fruit Research and Extension Center

1100 N. Western Ave,
‘Wenatchee WA 93301

phone:; 509-663-8181

Wenatchee WA Monday, January 29, 2001

webservant@tfrec.wsy.edu
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X-PH: V4.4@jaguar

From: "Shirley" <scacp@jps.net>

To: <ebeers @wsu.edu>

Cc: "Sharron Zoller" <peardoc @pacific.net>

Subject: Why you have 7 *.bmp files when only 5 are needed for B. Zoller's
electronic submission

Date: Mon, 19 Feb 2001 22:51:57 -0800

X-Mailer: Microsoft Outlook Express 5.00.2615.200

Betsy,

You now have 7 separate emails from 2-19-01, each with one *.bmp file. Only 5
contain the correct figures. Two emails
contain wild card attached files to make a simple job less foolproof! (Sorry about
this.) These two files have the wrong symbols used for data. Probably best to
delete both of these emails now. -Delete the emails whose subjects are,

Zoller Ovipref
Fig2. bmp
FW: Zoller Ovipref

Fig3.bmp

Keep the emails whose subjects are,
Zoller Biased Figl.bmp
Zoller Biased Fig2.bmp
Zoller Ovipref Figl.bmp
Zoller Ovipref Fig2.bmp replacement with correct symbols
Zoller Ovipref Fig3.bmp replacement with correct symbols.

Please, please tell me tthe files on these emails get you the figures in useable
fashion! I could still send you the spreadsheets, but in theory this is supposed to be

easier for you. Thanks for your efforts.

Broc

Printed for Elizabeth Beers <ebeers @ wsu.edu> 2/20/01
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X-PH: V4.4@jaguar

From: Deanna Watkins <watkinsd @ bcc.orst.edu>
X-Mailer: Mozilla 4.7 [en] (Win98; 1)
X-Accept-Language: en

To: ebeers@wsu.edu

Subject: Abstracts

Betsy - | no longer have them on my email and they are not on the files
| sent you. However, | have emails indicating that | received them!!!
Go Figure.

Anyway, | can request that they be resent to you or you can pursue via
the two email addresses and a snail mail/telephone number

B. Zoller 707 279-4204
The Pear Doctor Inc
P.O. Box 335
Kelseyville CA 85413

S. Cockfield
scockfie @ qosi.net

P. Landholt
landolt@vyarl.ars.usda.gov

Printed for Elizabeth Beers <ebeers @wsu.edu> 2/8/01






