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1. Thresholds/Monitoring/Sampling

b. Monitoring--Pheromone Traps
Lesser appleworm--Cvdia prunivora (Walsingham)
QOriental fruit moth--Grapholitha molesta (Busck)

ADDITIONAL LESSER APPLEWORM CAPTURES IN THE PACIFIC NORTHWEST

D. O. Hathaway
Yakima Agricultural Research Laboratory
USDA-ARS
5230 Konnowac Pass Road
Wapato, WA 98951

M. Cooper and C. Braumiller
Idaho Department of Agriculture
Division of Plant Industries
Bureau of Feeds and Plant Services
P.O. Box 790
Boise, Idaho 83701

In the late summer of 1996 the Idaho State Department of Agriculture
personnel put red rubber septa in traps that they purchased as Oriental fruit moth
pheromone, but instead of catching Oriental fruit moth, Grapholitha molesta (Busck),
they caught what we identified as lesser appleworm, Cydia prunivora {Waisingham).

The area in which the moths were caught was in Northern ldaho’s Boundary
county. The traps were placed in abandoned apple, peach, and prune trees, which
were surrounded by thickets of wild hawthorn, the primary host of the lesser
appleworm.

During the period from 1990-1994 the lesser appleworm has been trapped in
various abandoned and commercial orchards in Whatcom, Snohomish, Okanogan, .
Chelan, Kittitas, Yakima, Grant, Adams, Walla-Walla, and Franklin counties in
Washington State. Refer to map. The pest has also been caught in Umatilla and
Wallowa counties in Oregon. We suspect the lesser appleworm is in other areas in
the Western United States, but may not have been correctly identified. This could be
because the pest has been confused with other insects such as the Oriental fruit moth
and the Codling moth (Cydia pomoneila (L.}).
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1. Thresholds/Monitoring/Sampling

MONITORING CODLING MOTH IN PHEROMONE-TREATED ORCHARDS:
COMPARISON OF TRAP DESIGNS

Larry J. Gut and Jay F. Brunner
Washington State University

Tree Fruit Research and Extension Center
Wenatchee, WA 98801

The “wing” type trap is not the only trap that can be used to capture CM males attracted to a
pheromone lure. Three other trap designs, delta, cylindrical and Multipher, have been reported
to be at least as effective as the wing trap. We directly compared the effectiveness of these trap
designs and the industry standard, wing trap. The experimental design was a randomized
complete block (6-8 blocks). All traps were baited with red septa loaded with 10 mg of
codlemone (Trécé, Inc.). The number of male moths captured in the different traps was recorded
every 2-3 days. To minimize position effects, traps were rotated each time they were inspected.
Lures were replaced after three complete rotations (27 days) during the first generation and after
two complete rotations (18 days) during the second generation. The sticky bottoms of wing,
delta and cylindrical traps were replaced after a cumulative catch of 30 moths, more often if
dirty. The Multipher trap is a non-sticky type trap, and moths were removed each time it was
inspected.

The effectiveness of five kinds of pheromone traps are compared in Figures 1A and B. Data are
presented as the average capture of moths in the various traps over the course of 9 days. Each
successive 9-day trapping period corresponded to a complete cycle of trap rotations. The delta
trap was the most effective trap. It was significantly more attractive than the wing, ice cream
carton, Multipher and Hercon plastic cylinder traps during the first 9 days of the first and second
generation flights and was at least as attractive as these traps during the other trapping periods in
each flight. The ice cream carton and Multipher trap were generally as effective as the industry
standard, wing trap. There were no significant differences in moth catches between the ice
cream carton and wing trap for each of the 5 periods in which they were compared. Similarly,
there were no significant differences in the attractancy of the Multipher and wing traps during 4
of 5 first generation and 3 of 4 second generation trapping periods. The Hercon plastic cylinder
was the least attractive trap, capturing very few moths throughout the second generation flight,
the only period it was tested.

The limited effectiveness of the high load trapping system, particularly during the summer, may
be improved by identifying a better trap. The delta trap was significantly more effective than
any other trap design tested. However, the trapping surface of the delta trap is smaller than that
of the standard wing trap and requires more frequent replacement to maintain a high level of
performance. The Multipher trap simplifies trap maintenance requirements but is less effective
than the wing and delta traps. We plan to test modified versions of this trap in 1997, e.g. try the
different knockdown materials and shapes of the trap entrance in an effort to improve its
performance.
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1. Thresholds/Monitoring/Sampling

MONITORING CODLING MOTH IN PHEROMONE-TREATED ORCHARDS:
COMPARISON OF HIGH LOAD LURES

Larry J. Gut and Jay F. Brunner
Washington State University

Tree Fruit Research and Extension Center
Wenatchee, WA 98801

Pheromone traps baited with a high load-rate red septum (10 mg of codlemone) have been
adopted as a tool for monitoring codling moth (CM) in mating disruption (MD) orchards. This
trapping system can be used to track CM flight and to determine the need for supplemental
treatments of pheromone or conventional insecticides where MD is failing to control CM.
However, the reliability of a 10 mg lure-baited trap to indicate the potential for fruit injury in
MD orchards is not as good as growers and crops consultants would like. Here we report on
efforts to develop more effective high load CM lures.

Two kinds of experimental high load lures were tested, a plastic membrane (Consep, Inc.) and a
luretape (Hercon, Inc.). Both were engineered to release 5-10 pg of codlemone per hour. This
emisston rate was targeted because previous studies indicated a high degree of attractancy of the
10 mg red septa releasing these quantities of pheromone. We directly compared the attractancy
of the two experimental lures and the commercially available red septum loaded with 10 mg of
codlemone (Trécé, Inc.). The experimental design was a randomized complete block (6-8
blocks). The number of male moths captured in Pherocon 1CP traps baited with the different
lures was recorded every 2-3 days. To minimize position effects, traps were rotated each time
they were inspected. Lures were replaced after three complete rotations (27 days). To evaluate
the effect of aging on attractiveness of lures, a trap baited with a red septum replaced at the end
of each rotation, every 9 days, was included as a control. Trap bottoms were replaced after a
cumulative catch of 30 moths, more often if dirty.

The. relative attractancy of the various high load lures during the first and second generation
flights of CM are shown in Figures 1A and B. Data are presented as the average capture of
moths in traps baited with different lures over the course of 9 days. Each successive 9-day
trapping period corresponded to a complete cycle of trap rotations. The experimental high load
biolure engineered by Consep was the most effective lure. It was as attractive as the commercial
standard, a 10 mg red septum, and maintained its attractancy for a longer period of time. The
biolure remained as attractive as a red septum replaced at regular intervals throughout the first 27
days of the first and second generation flights. In contrast, a significant reduction in the relative
attractancy of the unreplaced red septum was observed between the second and third trapping
periods in the first flight and the first and second trapping periods in the second flight. The
experimental high 1oad lure engineered by Hercon was the least attractive lure, capturing about a
third as many moths as the red septum replaced at regular intervals and the biolure during both
flights. '
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I. Thresholds/Monitoring/Sampling
Monitoring Codling Moth with Traps and Lures

Alan Knight', John Turner’, Kathie Johnson', Herb Hill>, and Guy Leplae®
'USDA, ARS, Yakima, WA and *WSU, Pullman, WA

Codling moth has been monitored in orchards with traps baited with red rubber lures
impregnated with codlemone for over twenty years. Moth catch in these traps are widely
used to time insecticide applications and to establish action thresholds. Due to this long
successful history pest managers have been reluctant to change lure types. However,
following the registration of the mating disruption (MD) technology in 1991 growers
started using a high load (10 mg) red rubber lure. The increased importance in monitoring
codling moth in MD orchards has focused more attention on how the current lure
performs and in developing an improved lure. This work has clearly shown that the red
lure has a number of problems, yet acceptance of an alternate lure has not yet occurred.
Recommendations for monitoring codling moth with the red lure in MD orchards now
suggest that the lures be changed every three weeks in the spring and two weeks during
the summer. This has increased the cost of monitoring especially when traps are used at
one per 2.5 acres in MD orchards.

Studies were conducted to compare the current red septumn with an alternative gray
septum. The gray septum is commercially available and is already used as the lure for a
nurnber of other pest species. The advantage of the gray lure is that the codling moth
pheromone is more stable and thus the Jure lasts longer. One disadvantage of the gray lure
is that less pheromone can be loaded and it has a different release rate than the red lure.
Field tests were conducted to compare red lures loaded with 1 and 10 milligrams of
codlemone against gray lures loaded with 1 and 4 milligrams of codlemone. Replicated
experiments (n = 5) were conducted with lures aged from 0 - 42 d in the field within both
a mating disrupted and conventional orchard. In each test one lure of each age and type
were placed in a trap and 200 male codling moths were released. Traps were checked
after 7 days. To support these field tests the emission rates of lures were determined and
the residual analysis of lures was conducted to examine the stability of the pheromone.

Recapture of moths were similar between the 1 mg red and gray lure for the first two
weeks. After two weeks moth catch dropped off in traps baited with the red lure but
remained nearly unchanged for 6 weeks in traps with the gray. Similar results were found
when we compared the 10 mg red and the 4 mg gray lures: no difference for the first two
weeks but then the red lure’s performance declined.

The characteristics of these dispensers were measured in the laboratory. The emission
rate from the red lures declined by 50% while the emission rate of the gray lures were
more even over 42 d. The isomeric purity of codlemone in the red lures declined from 93



to 72%, but remained unchanged in the gray lures. The importance of pheromone purity
on lure performance can be seen if we compare moth capture by red and gray lures
emitting a similar level of pheromone. Thus for 7 day-old red and 28 d-old gray lures
both loaded with 1 mg their average emission rate was 0.3 micrograms per hour, but the
gray lure caught 67% more moths in a conventional orchard. Similarly, a 28 d-old red lure
loaded with 10 mg and a 21 d-old gray lure loaded with 4 mg both emitted approximately
5.2 micrograms per hour, but the gray lure caught nearly twice the number of moths in a
MD orchard.

Clearly these data show that the gray lure is superior to the red as a tool to monitor
codling moth in terms of its consistency and longevity. The gray Iure will need to be
changed less often and this will lower the grower’s cost in monitoring codling moth, The
gray lure should also be cheaper since it contains less pheromone. The final question is
whether the current thresholds based on the red lure would need to be changed if we
switched to the gray lure. Our data suggest that switching from the red to the gray lure
may have little effect on total moth catch. For example if we compare moth catch over six
weeks by the 10 mg red lure changed every two weeks and the 4 mg gray lure unchanged
for six weeks the total moth catch was only 10% higher by the gray lure in a mating
disrupted orchard (47.1 vs 42.9 moths). In a conventional orchard under similar
circumstances but with the red and gray lures loaded each with 1 mg, total moth catch
over six weeks was only 4% lower with the gray lure (140.2 vs 145.8 moths).

However, before pest managers switch from the red to the gray lure we need more
experience with its use. For example, data is needed on the performance of the gray lure
in the cooler spring months. Use of the gray lure in MD orchards should probably be
gradual to build up experience with its performance. Beginning in 1997 gray lures will be
widely tested in certain grower/research programs in Washington and California,

Lo 1Y
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1. Threshelds/Monitoring/Sampling
ACTION THRESHOLD FOR CONTROL OF GREEN APPLE APHIDS AND SPIREA APHIDS

Stephen D, Cockfield
Scientific Methods, Inc.
PO Box 1461, Brewster WA 98812

There are a few mcthods for sampling aphids, such as estimating the maximum number on a leaf
within a colony, and the number of infested leaves on a shoot. I have been estimating the size of the
colonies from the tip of the shoots down. This research report describes the creation and evaluation of an
action threshold based on this sampling method.

I estimate aphid populations by two numbers: the percentage of shoots infested, and the average
size of the colonies. When scouting, I concentrate on infestation patches within the orchards and examine
shoots dircctly above fruit. Sampling data from a number of orchards were used to create a model of
aphid damage. The weekly measurements were first transformed into population indices. The percentage
of shoots infested was multiplied by the size of the colonies. Next, the indices were added every week
from the beginning of July until the second weck of September. This single number, an index of
population pressure over time, was correlated with the percentage of fruit damaged at harvest. The index
has two assumptions: the absolute number of aphids in a tree, and not the distribution, determine damage
to the fruit, and honeydew does not deteriorate with time.

There was a rough correlation between the sample index and the percentage of fruit damaged at
harvest (Fig. 1). Fruit damage greater than 2% was considered by the grower to be too high. An index of
1500 or greater was most often associated with damage greater than 2%. Assuming no change in
population, the number of weeks it would take each aphid density to reach an index of 1500 or greater is
presented in Table 1. Densities that would take more time than the season will allow are called Very Low.
Those that could reach 1500 within a growing season are called Low, and those that reach it in about
three months are called Moderate. Those that could reach 1500 in less than three months are called High,
while those that could reach it in a few weeks are called Very High. According to the model, densities
called Moderate or greater need to be controlled.

The modet was tested with data from other orchards in 1995. Of the 72 blocks monitored, the
model predicted correctly that seven would have more than 2% fruit damage and 60 would not. The
model was incorrect on five blocks (7% of total). These blocks, including some with large Golden
Delicious trees, were predicted to have less than 2% damage, but, in fact, they had more. In 1996 the
model was tested on the same orchards plus 94 others. Out of 166, the model correctly predicted 2
orchards would have sigpificant damage and 160 would not. However, the model predicted 2 orchards
would have significant damage when, in fact, they did not. Two other orchards were predicted to have no
damage, but did have significant fruit damage.

My sampling results were compared to those of USDA employees during the summer of 1995.
USDA randomly selected twenty trees in nine blocks and examined five shoots in each tree. Their
method took more than 20 minutes per block, whereas my estimates took Jess than 10 minutes. Using
Table 1, The results were assigned a severity rating and compared to the visual estimates. Most of the
aphid populations were rated much higher by my visual estimate than by a random sample.  Six out of
fourteen times, the visual estimate called for insecticide treatment when the random sample did not.
Probably, my employees and I estimate the population to be higher because I hunt for hot spots and shoots
above fruit and report only these observations. My method may serve as a guide for consultants and
ficldmen trying to make maximum use of their time in the field
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1. Thresholds/Monitoring/Sampling

RED SPHERES AND YELLOW PANELS FOR TRAPPING CHERRY FRUIT FLIES
D. Mayer (WSU), L. Long (OSU), J. Olsen (OSU), T.Smith (WSU) and H. Ried] (OSU)

Here we report results using five different sizes of red spheres and two orientations of Pherocon
Standard vellow rectangular traps (vertical and V-shaped) for capturing western cherry fruit fly.

METHODS

Five different sizes of red spheres (4 cm (1.57 in), 6 cm (2.36 in), 8 cm (3.14 in), 10 cm (3.94 in)
and 12 cm (4.72 in)) in diameter and two different orientations of the standard yellow panel traps
(vertical and V-shaped) were evaluated to determine which was the most efficient in capturing
cherry fruit fly adults. Tests were conducted on sweet cherries at The Dalles, Prosser and
Wenatchee and on sour cherries in the Willamette valley. At each area there were 6 replications
of each trap. In general, traps were placed on the trees during early June and removed late in July.
Traps were placed at eye level and about 3 feet apart if in the same tree, and approximately 20
inches inward from the outermost foliage of the tree. The number of cherry fruit flies and the
number of insects the same size or larger than cherry fruit flies on each trap were recorded weekly.
The red spheres were cleaned and Tanglefoot reapplied and the yellow rectangular traps were
replaced each week.

RESULTS '

A total of 12,739 cherry fruit flies were caught (Table 1). At all four locations the 3.94 inch-
diameter (10 cm) trap caught the highest percent of flies compared to the other traps (Table 2). In
the Willamette valley the first cherry fruit fly was caught on 28 May and there was a slight trend
for the yellow rectangular traps to catch more flies than the other traps during the early part of the
season (Table 3). In the Prosser area the first cherry fruit fly was caught on 11 June and there was
atrend for the red balls to catch more cherry fruit flies than the yellow rectangular traps during the
early part of the season (Table 4). In the Wenatchee area the first cherry fruit flies were caught on
7 June and there was a tend for the 10 cm red ball to catch more flies than the other traps during
the early part of the season (Table 5). In The Dalles area the first cherry fruit flies were caught on
3] May and there was a trend for the 10 and 12 cm red balls to catch more flies than the other traps
during the early part of the season (Table 6).

CONCLUSIONS

The 3.94 inch-diameter (10 cm) appeared to be the best trap overall. This trap caught the most flies
(22% of the total) followed by the 3.14 inch trap (8 cm) with 17% of the total. The 3.94 inch trap
caught more flies than either orientation of the standard yellow panel trap and we tentatively
conclude the 3.94 inch is the "best" trap.
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Future research will use the 3.94 inch-diameter trap combined with odor attractants to improve trap
efficacy.

Cherry Fruit Fly Sampling Data-1996

Table 1. Cherry Fruit Fly Totals

Trap Prosser VWillamette Wenatchee The Dalles Total )
. k

4 cm 98 552 679 40 1,369

6 cm 297 514 733 61 1,605

8 cm 362 724 966 77 2,129

10 cm 765 815 1069 94 2,743

12cm 583 685 685 78 2,031

Vertical 424 320 695 31 1,470

V-Form 344 455 554 39 1,392

Total 2,873 4,065 5,381 420 12,739

Table 2. Percent of Total Cherry Fruit Flies

Trap Prosser Willamette Wenatchee The Dalles Total
4 cm 3 14 13 10 11
6 cm 10 13 14 15 13
8cm 13 18 18 18 17
10 cm 27 20 20 22 22
12cm 20 16 13 19 16
Vertical 15 8 13 7 12
V-Form 12 11 13 9 il
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1. Monitoring/Sampling

FIELD BIOASSAYS OF SYNTHETIC SEX PHEROMONES
FOR PHYTOCORIS SPP. (HEMIPTERA: MIRIDAE)

R. E. Rice’ and J. G. Miliar®

University of California

! Kearney Agricultural Center, Parlier, CA 93648

2 Department of Entomology, Riverside, CA 92522

I. Phytocoris relativus

Prior to the 1996 field bioassays for Phytocoris relativus, Phytocoris nymphs and adults were
collected at Parlier and Kettleman City and sent to Dr. Millar at UC Riverside to confirm the
tentative pheromone identifications that he found in late 1995. A series of Phyfocoris, both
relativus and californicus, in four separate collections were also sent to Dr. G. M. Stonedahl,
British Museum of Natural History, London, for confirmation of identification of the two species
of adult bugs. The taxonomy of this genus is extremely difficult with only very minor
differences in adult morphology resulting in description of distinct and separate species.
Consequently, it has been extremely important during the Phytocoris bioassay work to correctly
identify the individual bugs that have been trapped in the various relativus and californicus
bioassay trials.

Field bioassays for P. relativus were initiated at Parlier in plums on April 22 and continued at
both Kettleman City and Caruthers in pistachio and almond orchards. The majority of these field
trials for relativus were terminated on August 19. A seasonal monitoring trial with a standard P.
relativus pheromone blend is continuing at Parlier and will probably terminate in December.

Included in the P. relativus field bioassays in 1996 were isomer identification and confirmation,
optimum blend ratios, optimum dose response, and pheromone lure longevity trials. In addition,
P. relativus was trapped at several locations in the San Joaquin Valley, including Parlier,
Kettleman City, Madera, Caruthers, Arvin, Terra Bella, Dinuba, LeGrand, Patterson, and
Waterloo. P. relativus was collected in pistachio, almond, plum, grape, lemon, persimmon,
apple, kiwi, and pyracantha.

II). Phytocoris californicus

Adults and nymphs of P. californicus were collected from a pistachio orchard near Kettleman
City, CA and sent to Dr. Millar at UC Riverside for collection of male and female volatiles, and
chemical characterization and identification of potential pheromone isomers. Based upon his
laboratory work, he then provided initial candidate pheromone blends for P. californicus. Field
bioassay trials for P. californicus commenced on July 15 and continued in the pistachio orchards
at Kettleman City through October. These trials have included isomer identification, isomer
blend ratios, dose response, and field longevity of pheromone lures. To date P. californicus has
been collected in significant numbers only in the orchards at Kettleman City.
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THE ACTIVE SPACE OF LEAFROLLER PHEROMONE TRAPS
BAITED WITH LURES OF DIFFERENT STRENGTH

Glenn R. Thayer, Larry J. Gut, and Jay F. Brunner
- Washington State University
Tree Fruit Research & Extension Center
Wenatchee, Washington

In Washington State, there are two primary pestiferous leafrollers in tree fruits:
pandemis leafroller (PLR), Pandemis pyrusana Kearfott and obliquebanded leafroller
(OBLR), Choristoneura rosaceana (Harris). These leafrollers are among the most difficult
pest to effectively monitor The primary means used to monitor leafroller densities is visual
counts of larvae in orchards. This is a time consuming procedure. Pheromone leafroller traps
have not been considered an effective tool in monitoring leafroller populations because traps
baited with standard lures are extremely attractive the male leafrollers. We hypothesize that
traps attract male moths over long distances from neighboring orchards and surrounding
habitats which gives a false picture of the actual population within a single orchard.

The primary goals of our project were to determine the actual sampling distance of

leafroller traps baited with two different lure strengths and ultimately to develop a more
effective leafroller trapping system. We hypothesized that by using a lower load pheromone
lure we could reduce the sampling range of the of the trap and thus better identify leafroller
“hot spots” within the orchard. We tested the activity of standard and low loaded OBLR lures
by conducting a marked-release and recapture study. We used wild and laboratory reared
OBLR to ensure that moths used in our study would exhibit the same dispersal behavior as
wild. We tested this by comparing recapture percentages of both laboratory reared and wild
OBLR.

Male moth releases were made at the Grady & Lillie Auvil Teaching and
Demonstration Orchard of Wenatchee Valley Community College Tree Fruit Production
Program’s orchard located in East Wenatchee, Washington. From 13 June through 30
August, 928 wild and 10, 272 laboratory reared OBLR were marked and released. Our
recapture results show that laboratory reared moths perform well and can be used in further
marked-release and recapture experiments. For both wild and laboratory reared moths,
recapture percentages are higher in the trap baited with the standard lure than in traps baited
with the lower loaded lure. As moths are released at further distances from the trap, both
recapture percentages of the high and low load lures decrease. In all cases however, the high
load lure recapture percentages remain higher than that of the trap baited with the low load
lure. These preliminary results suggest that traps can be used as a effective leafroller
monitoring tool. By using the lower strength lure, we can reduce the sampling range of the
leafroller trap and thus monitor OBLR population levels within a single orchard.
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MONITORING LEAFROLLERS WITH PHEROMONE TRAPS

Larry J. Gut and Jay F. Brunner
Washington State University

Tree Fruit Research and Extension Center
Wenatchee, WA 98801

The ability to monitor and prevent the establishment of leafroller (LR) populations is crucial to
the success of pheromone-based pest management programs. Detecting larval infestations before
they reach damaging levels is very difficult. An alternative approach is to monitor leafroller
populations with pheromone traps.

Pheromone dose: Standard load Pandemis leafroller (PLR) and obliquebanded leafroller (OBLR)
red septa, and septa loaded with 10% of PLLR pheromone and 5% of OBLR pheromone were
obtained from Trécé, Inc. The effectiveness of pheromone traps baited with standard or low load
lures was directly compared in 35 orchards; PLR were trapped in 27 orchards and OBLR were
trapped in 20 orchards. For each species, Pherocon 1C traps (Trécé, Inc.) baited with red septa
containing either the standard or low pheromone dose were uniformly distributed in orchards at a
density of one trap per 1.25 acres. The number of male moths captured was recorded weekly
and trap bottoms were replaced after a cumulative catch of 50 moths, more often if dirty. To
minimize position effects, traps were rotated each time they were inspected. Lures were replaced
every four weeks.

Larval densities of the overwintering and summer generation, as well as fruit injury at harvest,
were estimated in each of the orchards where traps were placed. Larval sampling was conducted
toward the end of each generation. The overwintering generation was sampled after petal fall
when the population was comprised of late instar larvae feeding in spur shoot leaves. Densities of

‘the summer generation were estimated in mid-summer when most individuals were late instar

larvae feeding in shoot tips. Twenty growing points per 20 trees were examined around each trap
during each generation. A sample of 25 fruits on each of 20 trees in proximity to each trap was
inspected for LR injury at harvest.

Table 1 summarizes the average PLR and OBLR male catch per trap with standard and low load
pheromone lures during each flight period. Male captures were significantly lower in traps baited
with a low dose of pheromone. Close to an 80% reduction in catch with a low load compared to a
standard load ture was recorded for PLR. The effect appeared to be less pronounced for OBLR,
with about a 60% reduction in catch in traps baited with the low dose of pheromone.

Fewer than 10 moths per trap were captured during the OW flight in 16 of 27 orchards monitored
for PLR and 11 of 20 orchards monitored for OBLR. At each study site, at least an 86%
reduction in moth catch in traps baited with the low load compared to the standard load was
recorded in these low catch orchards. In contrast, a less pronounced reduction in catch in low
compared to high load traps was recorded in orchards where greater than 10 moths were captured
with the low dose. The reduction in catch in these orchards ranged from 57 to 77%.

Table 1. Pandemis and obliquebanded leafroller moth captures in pheromone traps baited with
standard or low load lures.

Overwintering moth capture Summer moth capture

Number of Average per trap Percent Average per irap Percent

Species  orchards Stand. Low reduction Stand. Low  reduction
PLR 27 73.1 18.8 74 51.3 9.6 81
OBLR 20 60.8 20.2 67 38.8 13.6 56
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Fewer than 10 moths per trap were captured during the SU flight in 20 of 27 orchards monitored
for PLR and 14 of 20 orchards monitored for OBLLR. Thus, low catches were recorded in a
greater portion of orchards during this SU flight than during the OW flight. The paitern of
reduction in moth catch in traps baited with the low load compared to the standard load in the SU
was similar to that recorded during the OW flight. The noticeable exception was the less
pronounced reduction in OBLR catch with low dose lures in orchards with high catches during
the SU compared to the OW flight. Overall reductions of about 48% and 64% were observed in
the SU and OW flights, respectively.

Relationship between captures and activity: PLR and OBLR moth catch in low dose pheromone
traps during the OW flight was a good indicator of the level of larval activity. The percentage of
shoots or fruit fed on by either species of leafroller was consistently low in orchards with low
moth catches in low load traps. Average fruit injury at harvest did not exceed 0.2% in low caich
orchards at any of the study sites. Levels of leafroller feeding were substantially higher in
orchards with relatively high moth catches in low load traps. Average fruit injury at harvest
exceeded 1.0% in high catch orchards at most of the study sites.

Captures of both PLR and OBLR males during the OW flight were highly correlated with fruit
injury at harvest. Somewhat unexpectedly, traps baited with either the standard or low load lures
provided similar reiationships between catch and injury. Correlation coefficients for PLR fruit
injury and moth catch in standard and low load traps were 0.80 and 0.70, respectively.
Correlation coefficients for OBLR fruit injury and moth catch in standard and low load traps were
0.65 and 0.70, respectively. The strong correlation between LR moth captures in standard traps
and fruit injury appeared to be contrary to field observations of instances of high moth catches
but low levels of infestation. Very few of these situations were recorded in the study reported
herein. The use of a much higher trapping density, one trap/2.5 acres compared to the industry
standard of about one trap/20 acres, and the positioning of the majority of traps in the interior
rather than the edge of orchards may explain this lack of false positive moth catches in our study.

Longevity of lures: We evaluated the field life of standard and low load lures during the second
- generation flights of PLR and OBLR. There was no significant change in the attractancy of
standard or low load OBLR lures throughout the 45-day test period. The attractancy of standard
and low load PLR lures also did not decline for 45 days. To the contrary, replacing the standard
PLR lure appeared to have a negative effect on moth captures. Traps baited with new lures
captured significantly fewer moths than traps baited with lures field aged for 27, 36 or 45 days.

Trap design: We directly compared the effectiveness of a Multipher, delta, plastic cylinder and
wing trap for capturing PLR or OBLR males. The delta trap performed as well as the industry
standard, wing trap, for both leafroller species. The Multipher trap was a highly effective trap for
OBLR but was less effective for PLR. Significantly fewer PLR were captured in the Multipher
compared to the delta or wing traps. The plastic cylinder was a poor PLR and OBLR trap,
capturing very few moths throughout the test.

Trap maintenance issues also should be considered in choosing an effective trapping system. The
low load trap is easier and less expensive to use than the standard trap because the reduced moth
catch in this trap means that fewer replacements of the trap bottom are required. The Multipher
trap shows promise as an option for trapping leafrollers. This is a non-sticky trap and should be
less expensive and easier to maintain than the wing or deita traps. Our experience with the
Multipher trap suggests that the performance of this trap is highly influenced by the choice of
knockdown material.
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Implementation Program

BIOLOGICALLY INTENSIVE ORCHARD SYSTEMS VS. CONVENTIONAL
INSECTICIDES: TWO APPROACHES TO PEST MANAGEMENT IN ALMONDS

Walt Bentley, Cressida Silvers, Lonnie Hendricks, Roger Duncan, Anne Marie Ridgely
Kearney Agricultural Research and Extension Center
9240 South Riverbend Avenue
Parlier, CA 93648

Biologically Intensive Orchard Systems (BIOS) is a term used to describe a group of
growers that have been emphasizing the use of seeded cover crops and reduced synthetic
chemical inputs (pariicularly organophosphate insecticides) and releases of beneficial
insects such as Goniozus legneri, Pentalitomastix plethicora, and Galandromous
occidentalis t0 manage pest problems in orchards. These growers farm primarily in
Merced and Stanislaus counties, between Fresno and Modesto. A total of 45 growers are
currently enrolled as BIOS participants. Many them are reporting very low levels of
damage from pests such as peach twig borer (PTB), navel orangeworm (NOW), San Jose
scale (8JS) and webspinning spider mites. The commonly held belief is that cover crops
are providing a habitat for beneficials that prey on pests.

' A project was funded by the Almond Board of California to investigate insect damage

and arthropod dynamics in orchards farmed under a BIOS approach and those farmed
using conventional techniques such as the use of organophosphate insecticides and no
seeded cover crops. Six comparisons were made in the two county area. These were
either neighbors or the same grower using each of the two practices. All orchards
comparisons contained the primary soft shell variety Nonpareil.

Samples of 500 nuts were collected at harvest from each of the comparison orchards and
evaluated for NOW, PTB, and ant damage. The results are presented in Table 1.

Table 1. Nut damage (Nonpareil cv.) due to various insect pests from 6 BIOS vs. 6 Spray
comparisons, 1996

fg_.'_.Far'mmﬁg i

by the same letter (columns) are not significantly different (P< 0.05; Fisher’s protected
LSD)

The primary parasitoid of NOW, Goniozus legneri was released in 3 of the BIOS
orchards but was found at only one site at harvest. The parasitism rate at the site was
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3.5%. No other parasitoids were recovered from NOW larvae collected during nut
evaluation.

Examination of unharvested “mummy” nuts from 43 orchards also produced low levels
of the parasitoid Goniozus legneri . Table 2 presents results from mummy nut crackouts
ranging from 50 to 100 mummy nuts.

Table 2. Navel orangeworm infestation and parasitism from unharvested mummy nuts in
selected almond orchards, winter 1996.

“Average#. - :Average NOW ' * #Siteswith == . - - # Sites with

.~ Mummies/tree ~  infestation . Goniozus . . Pentalitomastix
. (S2ysites - . (ddsites) - (4dsites) T (ddsites)
17.98 12.11 2 2

Mummy load at 44 sites with the Nonpareil cv. ranged from 0 to 177. Current
recommendations are that almond growers reach a level of 2 or fewer mummies per tree
by spring. Of the 34 grower sites where harvest collections were made, 14 achieved this
level (11 indicating they do winter sanitation and 3 do not remove mummies). Infestation
for these 14 growers averaged 1.48% NOW damage at harvest. The range of damage was
0 to 5%. Mummy load in the remaining 21 sites ranged from 3 to 177 nuts per tree and
averaged 3.52% NOW infestation. The range of infestation was .2% (3.3 mummies per
_tree during the winter to 14% (113 mummies per tree during the winter).

In summary, there was no statistical difference among the comparison orchards in
infestation from NOW, PTB, or ants. However there was significantly more good nuts
harvest from the orchards that followed a conventional management approach. This is
due to a greater incidence of various diseases which cause gumming and shriveling of
almonds. The influence of parasitoids on reducing insect damage in the BIOS orchards
was not evident. The greatest contributor to reduced NOW infestation was winter
sanitation, not sprays or beneficial releases.
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Lake Osoyoos Areawide Project Year 2: The Worms Are On the Run

Alan Knight, Glenn Richardson, and Carrol Calkins
USDA, ARS, Yakima, WA

Situated on either side of Lake Osoyoos at the U.S.-Canadian border this codling moth
areawide management project (CAMP) was initiated in 1995. It comprises 380 acres
farmed by 14 growers. Over 90% of the tree fruit production is apple and orchards vary
from traditional Red Delicious plantings to newer high density Gala and bagged Fuji.
Management of codling moth in both years has consisted of limited use of cover sprays
plus mating disruption and the releases of sterile moths during the second half of the
season. Sterile moths are furnished by the Canadians and are released each week from
four wheelers at 600-1,000 per acre. Control of codling moth was excellent in most
orchards (mean = 0.22%) and growers saved 3.5 sprays per season in the first year of
the project. During 1996 fruit injury from codling moth was lowered to an average of
0.04% and recaptures of sterile versus fertile moths increased from 31:1 in 1995 to 181:1.
Leafrollers were the big problem in 1995 averaging 1.2% in the project. In 1996 leafroller
populations were controlled early with an application of Lorsban plus oil followed by
two applications of Bt. Fruit injury from leafrollers at harvest averaged 0.36%.

Secondary pests have not been a problem within the project, and in general, pest

populations are lower and natural enemy populations are higher in these orchards
compared with conventional orchards outside the project. Next year some growers in the
project will reduce their dispenser rate and sterile moths will be available for the entire
season. In addition, the project will expand by 300 acres. Codling moth in these orchards
will be controlled with a limited number of insecticide sprays and mating disruption.
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WEST PARKER HEIGHTS AREAWIDE CODLING MOTH
MANAGEMENT PROJECT - SECOND YEAR

Brad Higbee and Carrol Calkins
U.S.D.A. - A.R.S.
5230 Konnowac Pass Road
Wapato, WA 98951

Areawide codling moth control, using pheromone mating disruption as the primary control
method, was very successful in the W. Parker Hts. project in 1996, the second in an anticipated
five year program. There were significant reductions in the number of moths trapped (Table 1},
amount of fruit damage due to codling moth (Table 2), and number of insecticides applied for both
codling moth and secondary pests (Table 3}, Fruit damage from all insect pests was well below
commercially acceptable levels and organophosphate insecticide applications were reduced by
about 70%.

Although greater than conventional blocks, leafroller damage has been commercially acceptable,
but is really pushing the limit in some areas, despite an aggressive lorsban/Bt program. Leafrollers
replaced codling moth as the most economically damaging pest in the project.

Secondary pests were generally not a problem, although nearly twice as many spray
applications were made in areawide blocks in 1996 as were made for these pests in 1995. Aphid
populations were primarily responsible for this increase with some blocks requiring two to three
aphicide treatments.

We did experience some late second generation {late July-early August) codling moth trap
activity, followed by larval entries in a small portion of the project with no definitive explanation.
Dispenser performance, movement of bins, or a combination may be responsible for the increased
trap captures, but we cannot be certain. This underscores our lack of knowledge about how the
mating disruption system works, what rate of release is required for a given population density, and
what weaknesses we can anticipate.

The difference gained in the areawide program in fewer codling moth and secondary pest
applications is balanced by the number of treatments required for leafroller control. With leafroller
management in mating disruption systems in a state of flux, this picture is likely to change.

Bacillus thuringienses accounts for the majority of treatments directed at leafrollers in the areawide
project and contributes to the “soft” approach which presumably benefits natural enemies. If only
organophosphate treatments are considered, the areawide project has applied about 30% of the
total for conventional, comparison blocks. Although a detailed financial comparison has not been
completed, if we roughly compare the two management systems, it appears that in the areawide
pregram the costs of the dispensers, application, and monitoring are nearly offset by the reductions
in treatments for codling moth and secondary pests. If a low cost program for leafrollers could be
developed perhaps we can achieve a level of cost comparable to conventional systems. This is
based only on information generated by the West Parker Heights project and is certain to vary
among sites.

Despite the success of the program thus far, lack of knowledge about the mechanisms of the
mating disruption system fosters uncertainties about continued performance and potential
weaknesses that may develop. Our experience so far indicates that a management package which
features mating disruption and includes an effective supplemental control material for problem
areas, along with an intensive monitoring program, can reliably contro! codling moth in an areawide
approach.
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Table 1. Mean Pheromone Trap Captures

Areawide
Blocks

95 Comparison
Blocks

96 Comparison
Biocks

1st Gen. CM 2nd Gen. CM 1st Gen. PLR 2nd Gen. PLR
95 96 [2]3] 96 a5 96 95 96
3.6 1.8 1.6 9 102.5 71.9 124 52 ,
“
46.6 56.8 46 14.1 77.5 63.8 93 25
,%.
37.4 11.5 71.3 23.2

Table 2. Fruit Damag

e at Harvest

% CM % leafroller
AW Conv AW Conv
1995 0.2 0.8 0.23 0.13
1996 0.08 0.12 0.15 0.09
Table 3. Insecticide Applications
CM Leafroller Secondary Total
AW Conv AW Conv AW Conv AW Conv R
1995 3.1 b.6 5.8 o 1.0 5.7 10 11.3
1996 1.0 b.5 6.9 0 1.9 4.4 9.8 9.9 2
Total 41 111 12.8 © 2.9 10.1  19.8 21.2
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2. Implementation
APPLE PRODUCTION WITHOUT BROAD-SPECTRUM INSECTICIDES

Larry Gut, Jay F. Brunner, John Brown, Glenn Thayer and Dave Epstein
Tree Fruit Research and Extension Center, Wenatchee
Washington State University, Pullman

This was the second year of a 3-5 year SARE (Sustainable Agriculture Research & Education) project
investigating the economics and ecology of Delicious apple orchards managed without using broad-
spectrum insecticides (NBSI). Conventional (CONV) and NBSI management programs were directly
compared at six locations, five in Washington (Bridgeport, Chelan, Orondo, Yakima, Wapato) and
one in Oregon (The Dalles). In addition, a no class I (NOC1) management program was evaluated in
a third 10-acre block at the Bridgeport, Orondo and Wapato sites.

Arthropod pests and natural enemies: Control of codling moth (CM} and leafrollers {LRs) in NBSI
blocks was substantially better in 1996 than in 1995. Isomate-C+ was the primary control for CM in
both years. The pheromone treatment was supplemented with applications of the insect growth
regulator, tebufenozide (Confirm®), in three NBSI blocks in 1996. Tebufenozide also replaced
Bacillus thuringiensis (Bt) as the primary control for LRs in four of the NBSI blocks in 1996. This
material was added to the control program following the granting of a fresh-fruit experimental use
permit for 50 acres in Washington and Oregon. CM fruit injury in NBSI orchards was kept in check
in five of six sites in 1996, but in only three of six sites in 1995 (Fig. 1). Improved control of this pest
at the Bridgeport site was especially impressive with a 10-fold reduction in fruit injury from 1995 to
1996. The Orondo site (W2) provided the major challenge for controlling CM in 1996. Greater CM
pressure at this site than at other sites resulted in unacceptable levels of control in NNAT and
conventional (CONV) blocks. Six applications of the organophosphate insecticide, azinphosmethyl
(Guthion®), did not prevent CM from infesting 1% of the fruit in the CONV block. Very poor control
of CM occurred in the NBSI block at this site, with 6.1% fruit injury recorded for the season. Only a
single Confirm spray was applied for control of second generation larvae because very low moth

- catches indicated this would be sufficient. Most of the infestation occurred late in the summer, when

Confirm residues were probably very low. One acre on the upslope edge sustained close to 50% fruit
injury. Fruit in this area was picked and destroyed prior to larvae leaving the fruit in an effort to
reduce potential CM pressure for next season. Fruit injury dropped to 5.8% in the four acres directly
below the area of very high infestation. Excellent CM control was achieved in the lower five acres of
the NBSI block, with no fruit injury observed at harvest.

Improvement in control of LRs in 1996 compared to 1995 was quite dramatic (Fig. 1). Greater
than 1% fruit injury was recorded in four of six NBSI orchards in 1995, while very low, nearly
undetectable levels, of damage were recorded in all NBSI orchards in 1996. Control of this pest at
The Dalles site (D1) was especially impressive, with a reduction in fruit injury from 9% in 1995 to
0.3% in 1996. Much of the success of the 1996 management program can be attributed to the
availability of tebufenozide. Overall, leafroller control was better in tebufenozide treated than in Bt
treated areas.

Other arthropod pests were generally at low levels in the NBSI orchards. Substantial numbers of
campylomma nymphs were detected at the Yakima site (2.5 nymphs per tray at bloom). The orchard
was treated with a botanical insecticide, Neemix 4.5%. Post-treatment beating tray samples indicated
no reduction in campylomma densities, and by petal fall they had actually increased to 5.1
nymphs/tray. Natural enemies contributed to the suppression of several potential pests. Mite and
aphid predators, and the leafminer parasitoid, Prigalio flavipes, were especially abundant in NNAI
blocks. Three pest species, white apple leafhopper, green apple aphid and tentiform leafminer,
reached population densities that required intervention with insecticides in at least one of the CONV
orchards. White apple leafhopper densities were high in two of the NNAI blocks. A substantial level
of leafhopper mortality was observed at the Wapato site following a late summer application of
Vaporgard™ for control of this pest.
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Figure 1. A) codling moth fruit injury in NBSI blocks, B) codling moth fruit injury in CONV blocks, C)
leafroller fruit injury in NBSI blocks, and D) leafroller fruit injury in CONV blocks.

Parasitoid releases. Several parasitoids were released in NBSI orchards. Augmentative releases of

- two parasitoids of cocooned CM larvae, Liofryphon caudatus and Mastrus ridibundus, were made
late in the surnmer at the Orondo and Bridgeport sites. Approximately 1000 females of each species
were released in two acres of the NBSI blocks at the two sites. Trap cardboard bands and sentinel
hosts in bands were placed in the orchards prior to the release. Over 50% of the CM larvae collected
in trap bands were parasitized. Colpoclypeus florus, a larval ecto-parasitoid of LRs, was released in
the spring in four NBSI blocks and again in the summer in two of the blocks. Two thousand females
were released each time in two-acre sections of the blocks. Parasitized larvae were recovered at all
sites, but levels of parasitism by C. florus were fairly low, averaging less than 20%.

Arthropod biodiversity. Three methods were used to document broader changes in arthropod
biodiversity. Sweep net samples of the orchard ground cover and soil samples were taken once in
August of 1994 and three times during the 1995 and 1996 seasons. A majority of the 2500 samples
have been processed, with over 100 families, mostly representing eight orders of insects and mites,
identified to date. For both soil and sweep net samples, no clear patterns of change in biodiversity are
evident. Pit fall traps were used to sample biodiversity for the first time in 1996. Results of pit fall
trapping have revealed some consistent differences in biodiversity in NBSI and CONV orchards. Of

greatest interest is the significantly higher numbers of predatory ground beetles in the NBSI orchards
compared to the CONYV orchards.

Comparison of control programs. Spray records for the six paired orchards indicated some
consistent patterns of insecticide use. An average of four azinphosmethyl applications was made in
CONY blocks in 1995 and 1996. In NBSI blocks, codling moth control was provided by one
application of pheromone and an average of about 1.5 applications of oil (1995) or tebufenozide
(1996). Leafrollers required nearly two insecticide applications in both CONV and NBSI biocks.
More insecticides were applied in CONV than in NBSI biocks for control of secondary or minor
pests. No sprays for aphids or leafminers were applied to NBSI blocks. In contrast, half of the
CONY blocks were treated with an aphicide each year and at least one block was treated with oxamyl
for leafminer control each year.
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2. Implementation

THE USE OF PHEROMONE-OIL IN THE CODLING MOTH AREAWIDE
MANAGEMENT PROGRAM (CAMP) FOR THE PEAR PEST COMPLEX IN
SOUTHERN OREGON: YEAR TWO

Philip VanBuskirk, Richard Hilton, Peter Westigard
OSU Southern Oregon Research & Extension Center
Medford, Oregon 97502

A program to control arthropod pests of pear in southern Oregon utilizing codling moth (CM)
mating disruption and three horticultural spray oil applications during the foliar season was initiated
in 1994 on 80 acres, expanded to 300 acres in 1995 and to over 400 acres in 1996. During 1995
and 1996 the program reduced foliar use of organophosphates by 72 and 73% respectively and
overall synthetic pesticide use by 80% in 1995 and 81% in 1996. Besides reducing pesticide use,
the program has continued to achieve suppression of primary and secondary pear pest, maintaining
damage at a level of 1.5% fruit downgrading, while lowering the cost of arthropod control by about
$200 per acre. The weaknesses of the program which were identified in 1995 and have yet to be
resolved are: the prediction of CM and leafroller damage from pheromone trap catches, along with
the protocols for monitoring sucking bugs and natural enemies; concerns regarding long term
chronic effects of oil on pear; and concerns regarding gradual buildup in CM and other arthropod
pest levels. :

Basic Spray Program:

Timing of Application Target Pest(s) Material and Rate
Dormant Pear Psylla (PP) _ Oil, 4 gallons
Delayed Dormant PP, San Jose Scale (S1S) 0Oil, 4 gallons
Pear Rust Mite PRM, Codling lime sulfur 12 gallons
Moth (CM), Twospotted mite
(TSM)
Just Prior to Codling Moth CM, PP, TSM, etc. Pheromone Dispensers
Biofix (ca. 200 DD from ISOMATE C+ 400 per acre
January )
200 DD post CM biofix CM, PP, TSM Orchex 796 Base O1l 1%
400 DD post CM biofix CM, PP, TSM Orchex 796 Base Qil 1%
600 DD post CM biofix CM Orchex 796 Base Oil 1%
1250 DD post CM biofix CM Guthion 50 WP 2.5 lbs. or
Imidan 4 lbs.
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Overall Fruit Damage By Pest

% Fruit Damage % Fruit Damage
Pest 1995 1996
Codling Moth 0.26 0.04
Leafroller 0.45 0.32
Pear Psylla 0.06 0.04
Early Lygus 0.05 0.13
Other 0.33 0.76
Total Bugs 0.38 0.89
Other 0.38 0.23
Total 1.53 1.53

Summary Of Foliar Treatments Conventional vs CAMP Blocks: Bosc Cultivar Only

Management # Of Total # # Other Total #
Type Orchards Applications # OP’s Synthetic  Synthetic

1995

Conventional 15 54 32 238 6.0

CAMP 7 43 0.9 04 13
1996

Conventional 10 4.2 3.7 3.0 6.7

CAMP 7 4.9 1.0 0.3 1.3

Note: pheromone dispenser installation not included

28

‘\




5

-

2. Implementation

MENDOCINO COUNTY AREA-WIDE MATING DISRUPTION
IMPLEMENTATION PROJECT

Lucia G. Varela
UC Cooperative Extension & Statewide IPM Project
Santa Rosa, CA 94706

Abstract

1. Average infestation at harvest was 0.08%. Results of monitoring 40 sites of ten acres each
yielded one group of 37 which experienced no damage at harvest and 3 sites (a contiguous 30
acres) having 1% infestation during the first harvest and 2% infestation during the second
harvest.

2. Azinphosmethyl use was reduced by 66% assuming 4 applications of organophosphates per
season. Number of applications per site range from 1-4 with 50% of the acreage receiving only
one application of azinphosmethyl.

3. Traps with lures loaded with 10 mg of pheromone placed high in the tree at a spacing of 1 trap
per 2.5 acres did a good job of predicting "hot spots”.

An Environmental Stewardship grant was awarded to the pear industry by EPA via
California EPA's Department of Pesticide Regulation through the University of California at
Berkeley. With partial funds from this grant, an areawide codling moth mating disruption project
was initiated this year in 400 acres of pears in the Ukiah Valley, Mendocino County. University
campus-based faculty, Extension personnel, growers and Pest Control Advisors joined the pear
industry to develop and implement the project. Grower participation, a key factor for success, was
a major criterion in the selection of the site.

Successful adoption of mating disruption is based on acquiring confidence in monitoring
codling moth under mating disruption and on determining when further measures are needed.
Predicting codling moth damage under mating disruption required intensive monitoring and
experience in accessing trap catches. Major concerns in blocks under pheromone confusion are
controlling codling moth on orchard borders, the reliability of trap monitoring, and the appearance
of secondary pests such as leafrollers and sting bugs. Growers, PCAs, and the Project
Coordinator participated in weekly data collection, project review and decision-making in an effort
to learn how to address these concerns and to acquire the experience needed to continue a
pheromone-based program in the future.

A program combining reduced pesticide use and codling moth pheromone confusion was
implemented on 400 contiguous acres of pears. Isomate-C+ dispensers were applied twice. The
first tie went up the last week of March and the second tie was applied at approximately 900
degree-days, during the first week of June. A guthion cover-spray was applied in the entire acreage
at approximately 300 degree-days the first week in May. A second cover spray, timed for the
beginning of the second generation, was applied in one third of the acreage. A single block of 30
acres, with a history of guthion resistance and high codling moth populations for the past three
years, required four guthion sprays.
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Program efficacy was determined by fruit evaluations 4 times during the growing season:
preceding the second application of pheromone, pre-harvest and at first and second harvest. In
addition fruit was collected from the ground at the June drop and cut open to detect hidden
infestation. For monitoring purposes, the project's 400 acres were divided into 40 ten-acre sites.
Weekly monitoring for codling moth relied on pheromone traps baited with 10 times the normal
rate of pheromone and placed high in the tree canopy at a density of one trap per 2 acres. Extra
traps were placed at the borders of the project and near packing sheds and stored bins. To verify
that trap catches accurately reflected the population of codling moth present and to avoid finding
ourselves in the situation of not detecting them with the traps but suffering damage at harvest, we
periodically inspected fruit for egg laying and early entries or stings.

In this first year of the project, organophosphate use for codling moth control was reduced
by 66% and, with an intensive moniforing regimen, we were able to predict and control codling
moth hot spots. We succeeded in tracking codling moth seasonal trends in flight activity and
generation development. The trap catches also predicted very well the hot spots. In those areas
where there was no damage at harvest, trap catches did not exceed an average of 2 moths per trap
per week during peak flight. In contrast, in the 30 acre block where we had 1% damage at first
harvest, the average trap catches at peak flight was 25 moths/trap/week. On average, the percent
infestation at harvest was 0.08. Results of monitoring the 40 sites (Table 1) yielded one group of
37 which experienced no damage at harvest and 3 sites (a contiguous 30 acres) having 1%
infestation during the first harvest and 2% infestation during the second harvest. We did not detect
codling moth damage or larvae in the fruit sampled prior to the second application of pheromone.
The first indication of damage was detected when we cut open ground fruit during the June drop,
although the percent infestation at that time was very low. The sites that experienced damage had
had 8% damage the previous year and resistance to guthion had been documented for these sites.

Table 1.- Codling moth fruit damage sampled at five different times during the growing season.

% Fruit Damage
37 Blocks 3 Blocks
Fruit sampled at 900 dd 0.0 0.0
5% cut fruit at 900 dd 0.0 0.0
Ground fruit 0.0 0.1
Pre-harvest sample 0.0 0.7
First pick bin sample 0.0 1.0
Second pick bin sample 0.0 2.0
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Biological Control

ALTERNATE HOSTS OF THE GREGARIOUS EULOPHID ECTOPARASITOID,
COLPOCLYPEUS florus

Christopher Nobbs
Washington State University
Tree Fruit Research and Extension Center
Wenatchee, Washington

Leafrollers have become major pests to tree fruits in Washington State. They have
risen from secondary to primary pest status in those orchards that have begun to use soft
pesticides and mating disruption for the control of codling moth. Leafroller larvae not only
defoliate trees, but destroy fruit when populations are high enough. There are two main
tortricid pest species in the State of Washington; Pandemous and Obliquebanded
leafrollers.

Colpoclypeus florus is a gregarious eulophid ectoparasitoid that was first identified
in the State of Washington in 1992, where it parasitized 80% of the leafroller larvae in an
unsprayed orchard. It is common in Europe and attacks a number of leafroller species
there. The finding of C. florus initiated research in its implementation in orchard systemns
as a biological control means for pandemous and Obliquebanded leafrollers throughout the
state. C. florus females sting fourth or fifth instar larvae and deposit eggs on the silk of the
leafroller’s retreat. When the eggs hatch, the larvae find their way to the host where they
feed externally on its body. Up to 50 or more C. florus can develop on one host and
development time is approximately 15 days at 75 degrees C. C. florus overwinters as a
mature larvae on a fourth to fifth instar leafroller larva. Obliquebanded and pandemous
overwinter as second instar larvae. This is where the problem lies. C. florus do not have
leafrollers of the suitable size to overwinter on in orchard situations. They could also use a
summer host for greater populations thronghout the growing season. This led to the idea
of finding an alternate host that would better coincide with the life cycle of C. florus.

There is beginning to be a lot of work done on different types of ground cover in
orchard systems. Ground covers could harbor beneficial insect populations that may, in
some cases, help in pest control programs. We began to look and see if we could find any
leafrollers associated with particular ground covers to see if we could locate a non-
pestiferous alternate host for C. florus. We found a number of leafrollers associated with
alfalfa, so we began trying to rear and identify them.

Clepsis pallorana was among the tortricid leafrollers we found on alfalfa. The
literature suggested that it might be a suitable host for C. florus as it overwinters as a later
instar larvae. Clepsis is a common leafroller found on the Columbia Basin in Washington
State. Its primary hosts are alfalfa and white clover. Both of these plants were introduced
to the United States, so Clepsis must have been associated with some other native legume
before that time. It has been found on apple, but the literature suggests that it only uses
apple as a site for pupation and when ground cover is depleted.

After we established a colony, we designed a number of experiments testing host
plant choice and parasitism by C. florus. The first experiment was to expose Clepsis to
apple, pear, and cherry to see if they would feed on them. Feeding arenas were set up with
fourth instar larvae and a leaf of one of the plants mentioned earlier. Feeding arenas were
checked daily and monitored for feeding and construction of retreats. Feeding did take
place in all three trials.

Next, we set up bigger arenas, again using fourth instar Clepsis larvae and the
choice of alfalfa or a disk of either apple, pear, or cherry. The arenas were checked at 48
hr to see which Clepsis chose to feed on. Feeding once again took place in all three trials
on both choices.
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On of the initial and most important things we wanted to see is if Colpoclypeus
florus would parasitize and develop on Clepsis. 50 nine by 50 millimeter petri dishes of
both Clepsis and obliquebanded leafrollers were set up and compared. Each petri contained
a piece of diet, a fourth instar larvae of either leafroller type, and one mated female C.
florus. Petri dishes were checked daily to determine percent parasitism, development time,
number of progeny, and the sex ratio of progeny. Results are as follows:

Clepsis BLR
Percent Parasitism 60% 58%
Average Development time (days) 16.61 16.68 >
Average # Progeny 8.5 6.5
Sex ratio 13:1 10:1

Parasitism and development rates were found to have no significant difference
using a 95% CI. The progeny of C. florus were then set up on obliquebanded leafrollers to
determine fitness of the F1 generation. We found that the numbers were once again similar
and there seemed to be no problem with either the F1 generation or host switch. This
suggests that C. florus did recognize Clepsis as a suitable host and numbers would indicate
that they do very well on them. Preliminary caged experiments were then set up using
apple trees and alfalfa in the field. This was a preliminary experiment and more caged
experiments will have to be done to better look at these interactions.

In conclusion, we have established a colony of Clepsis pallorana and found it to be
a suitable host for Colpoclypeus florus. We did see Clepis feed on apple, pear, and cherry,
but we do not know given normal circumstances that this is truly the case. More
experimentation needs to be done on this aspect.

Comparative parasitism rates, number of progeny, and development time for C.
florus using Clepsis and obliquebanded leafroller as hosts have been shown to have no
significant difference. Lastly, Preliminary caged experiments suggests that C. florus will
locate and parasitize leafrollers in trees as well as in ground cover.

Leafrollers have become major pests of tree fruits in Washington. As we adopt
new methods to control primary pests in orchard systems, we will need to take into
consideration problems with secondary pest outbreaks. Colpoclypeus florus could be a
viable biological control method for leafrollers given the right circumstances and Clepsis
pallorana could play a key role in its establishment.

i ]
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3. Biological Control
TRICHOGRAMMA PARASITISM OF LEAFROLLER EGGS

R. S. Pfannenstiel, J. F. Brunner, L. Lampson and M. D. Doerr
‘Washington State University

Tree Fruit Research and Extension Center

1100 N. Western Avenue, Wenatchee, WA 98801

Two species of leafroller, Pandemis pyrusana (PLR) and Choristoneura rosaceana (OBLR), have
caused fruit damage, in many cases exceeding that of codling moth, in apple orchards using
codling moth mating disruption in Washington. Any pheromone-based codling moth management

program must account for and plan to mitigate leafroller populations. While Bacillus thuringiensis,

Lorsban, and Penncap-M are useful at present, continued reliance on them may result in rapid
development of resistance. An alternative to using insecticides is biological control.
Trichogramma platneri is a parasitoid of the eggs of arboreal Lepidoptera. In the last two years we
have evaluated this parasitoid as a potential biological control agent of leafrollers in Washington
apples.

Age dependent suitability of OBLLR and Pandemis egg masses as hosts for
Trichogramma: A study on the effect of egg age on suitability to parasitization by T. plameri
was conducted with OBLR and PLR at 24°C. T. platneri was able to parasitize eggs up to 6 d old
although the number of eggs parasitized declined from about 14-17 eggs in one-d-old hosts to
about 3 eggs in 6-d-old hosts. There was no significant difference in the quality of the egg masses
of either species as hosts for T. platneri although there did appear to be a trend for PLR to be more
frequently parasitized and produce slightly more progeny. There also appeared to be a trend for
higher parasitization of 2- to 4-d-old egg masses than in 1- or 5- to 6-d-old egg masses, but this
was not significant.

Trichogramma dispersal and control: In 1996 two field studies were conducted using T.
platmeri. One was a continuation of a study begun in 1995 to examine leafroller control by and
dispersal of T. platneri when released at several rates; the second examined parasitism by T.
platneri when host density was low, a more realistic field situation. Release rates used for all
studies in 1996 were 100, 1000 and 10,000 females per tree. The dispersal study involved
multiple releases during each leafroller oviposition period. Sections of cards containing eggs
parasitized by T. platmeri were placed in the field. There were four replicates of each release level
consisting of a release tree, five sample trees down the row in each direction, and three sample
trees in each of the adjacent two rows in either direction. During the 2nd oviposition period only
the 1st, 3rd and 5th trees as well as two trees in the adjacent rows were sampled due to logistic
constraints. The second study was conducted in a block with no background population of
leafrollers. Sleeve cages with three pairs of male and female OBLR were placed on each of four
trees surrounding a T. platneri release tree. Each cage was checked over the next two days and
when an egg mass was observed the cage was removed, the egg mass flagged and the moths
killed. At the end of two days all cages were removed and the moths killed. If there was more
than one egg mass on a branch, then all extra egg masses were removed. Each release level was
replicated four times and the whole study was replicated weekly over five weeks. Egg masses
were removed weekly, brought to the laboratory and reared out to determine parasitism. In all
studies egg masses were collected and evaluated for percentage of egg masses parasitized and the
percentage of eggs parasitized.

Results from 1996 were mixed. In the first study, rates of parasitism were low during the 1st
oviposition period and were much higher during the 2nd oviposition period. Parasitism declined
quickly over even short distances from the release tree. Total egg parasitism in the 1st oviposition

period rarely exceeded 60% under even the high release rates. However, parasitism during the 2nd
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oviposition was much higher. The duration of the second oviposition period was very long,
lasting into October, and the egg mass density was extremely high (13.7 egg masses/tree).
Reproduction by 7. platneri in the orchard resulted in higher levels of parasitization than would
result from releases alone. The egg parasitization rate in trees adjacent to the medium releases was
20.8% during the first two weeks of releases and increased significantly to 67.4% during the 4th-
5th weeks. Egg masses throughout the orchard were heavily parasitized later in the oviposition

- period.

To remove the effect of parasitoid reproduction on rates of parasitism from field releases, we

conducted a second study looking at impact under low host densities. Evaluation of these weekly ’
releases against low host densities resulted in low rates of parasitism which were directly related to
release rate. At the highest release rate of 10,000 females per tree, egg parasitism only averaged
50% (Table 2). 4
Table 1. Parasitism and dispersal by T. plameri released against OBLR at Mattawa, 1995.
Percent egg masses parasitized
ACross rows
Within the release row (row number)
Release Release Tree number (distance from release tree) Adjacent rows
generation rate Tree 1 2 3 4 5 Release 1 2
Egg Masses Parasitized
1st 100 59.7 342 132 7.3 20.8 4.7 59.7 131 108
1000 87.5 49.2 30.1 563 351 284 87.5 25.0 178
10000 100.0 852 904 736 609 50.0 100.0 57.0 394
2nd 100 89.0 73.2 75.5 41.9 89.0 535 496
1000 90.2 89.9 84.8 72.5 90.2 68.3 67.9
10000 100.0 96.9 92.5 91.0 100.0 91.3 743
Eggs Parasitized
1st 100 31.6 9.0 2.6 1.7 3.4 1.7 31.6 3.7 1.9
1000 29.5 214 113 153 18.6 8.9 29.5 6.8 5.8
10000 88.8 62.3 437 294 30.1 10.0 88.8 28.1 123
2nd 100 60.4 51.6 40.3 26.3 60.4 36.7 32.1
1000 74.9 65.2 58.0 49.2 74.9 547 549
10000 94.8 84.0 75.6 69.3 94.8 78.8 61.2
Table 2. Parasitism of OBLR eggs by T. platneri at low host density
Release Percent parasitism (by week)
level 1 2 3 4 5 Mean
100 11.3 3.3 8.5 6.8 2.9 6.6 3
1000 28.5 10.5 16.4 20.0 7.4 16.6
10000 64.4 57.1 37.1 38.8 524 50.0

Studies with 7. plameri have indicated that OBLR and PLR are both good hosts for T. platneri and
that we can obtain relatively high rates of parasitism. However, the levels of parasitism achieved
are still inadequate even at high release rates, and unless quality control and application/dispersal
techniques are improved this species will probably not contribute significantly to economical
control of leafrollers.
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3. Biological Control

POTENTIALLY IMPORTANT BIOLOGICAL CONTROL ORGANISMS: SAMPLING
GENERALIST PREDATORS IN APPLE ORCHARDS

David Epstein
John Brown
Richard Zack
Washington State University
Department of Entomology
Puliman, WA 99164-6382

The SARE (Sustainable Agriculture Research & Education) project is investigating the feasibility
of apple production without the input of broad-spectrum neural-active pesticides. In our phase of
that study we employed pitfall traps to survey for generalist, primarily ground inhabiting,
predatory insects. Traps were placed in six orchards, five in Washington (Bridgeport, Chelan,
Orondo, and two in Yakima}, and one in Oregon (The Dalles). Each of these orchards contains
two, ten acre designated plots, one which is managed by conventional means (C) and a second
managed without the use of neural active pesticides (IN). Pheromones are the primary control in
the N-blocks. Six traps were placed in each block within tree rows, and at a minimum of ten rows
in from the margins. Ten ounce plastic cups containing glycol were placed into a sleeve of PVC
pipe that was buried in the soil; and plywood covers were suspended above these traps with 8
penny nails hammered into the corners of the plywood. The traps were collected every three
weeks for the remainder of the growing season, with the last collection 13-15 September. A total
of four collections were made.

Carabidid beetles (Coleoptera: carabidae) were consistently trapped at significantly higher rates in
the N-blocks of all orchards than in the C-blocks. Graph 1 shows the mean number of carabids
sampled for each collection in both treatments. At least three carabid species have been shown to
feed on fifth instar larvae of codling moth (Cydia pomonella L.) in apple orchards: Pterostichus
melanarius Nliger, Harpalus aeneus L., and Amara aena DeGeer. Other lepidopteran species, such
as noctuid and tortricid leafroller larvae, may also be attacked by these generalist predators.
Selected samples of the carabids collected in the 1996 SARE pitfall traps are currently being
identified. Experiments are being planned that will test the capabilities of the different carabid
species to control various lepidopteran pest species. These experiments will be performed using
field trapped carabid beetles.

Other generalist predators collected included: spiders (Aranae), centipedes (Chilopoda), earwigs
(Dermaptera), ants (Formicidae), big eyed bugs (Lygaeidae), and harvestmen (Opiliones). These
predators were also consistently found at higher population levels in the N blocks than in the
conventional blocks. Carabids, spiders, earwigs, and centipedes are all large enough to prey on
orchard lepidopteran and homopteran pests. Centipedes and earwigs will also be identified, and
will be included in the lepidopteran host experiments being conducted with the carabids. Graphs 2
and 3 show the mean centipede and earwig trap catches, respectively, for all orchards for 1996.
Spiders collected will be identified by Dr. Gene Miliczky, USDA, Wapato. Whereas the carabid
populations were consistently higher in the N-blocks of all orchards, the difference in population
densities of these other predators in the two treatments was much more pronounced in some
orchards than others. The type and density of groundcover in the different orchards is one
possible reason for these differences. Ground cover characteristics will be examined in the 1977
growing season.

Our objective is to better understand the shifts in predator/prey populations at SARE sites that are a

result of reduced pesticide use. We want to determine whether generalist predator populations in
apple orchards will increase over time with continued avoidance of broad spectrum, neural active
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pesticides. Sampling for 1997 will begin 17 March, and will continue every three weeks through
mid-September.

B1: Bridgeport, D1: The Dalles, W1: Chelan, W2:Orondo, Y1: Yakima (Peters), Y2: Yakima (Garretson)
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3. Biological Control
COLPOCLYPEUS FLORUS PARASITISM OF LEAFROLLERS

R. S. Pfannenstiel, J. F. Brunner, C. Nobbs and M. D. Doerr
Washington State University

Tree Fruit Research and Extension Center

1100 N. Western Avenue, Wenatchee, WA 98801

In recent years, the acreage on which mating disruption for control of codling moth is implemented
has increased dramatically. Two species of leafroller, Pandemis pyrusana (PLR) and
Choristoneura rosaceana (OBLR), have caused the highest level of crop loss, in many cases
exceeding that of codling moth, in apple orchards using codling moth mating disruption in
Washington. Any pheromone-based codling moth management program must account for and
plan to mitigate leafroller populations. While Bacillus thuringiensis, Lorsban, and Penncap-M are
useful at present, continued reliance on them may result in rapid development of resistance. An
alternative to using insecticides is biological control. Currently we are conducting research on
several parasitoids which attack leafrollers and are attempting to achieve biological control using
conservation of native parasitoids, classical biological control and augmentative releases.

Rearing of parasites: Rearing of C. florus was improved to 55-65% in 1996 from the 5-10%
effictency observed in 1995 with nearly 15,000 wasps produced per week at peak rearing in July.
However, although numerous techniques to facilitate mass rearing were attempted, none were
successful so rearing large numbers for augmentative releases was laborious and expensive.
About 52,000 females were released in 1996 at a labor cost of $13,300 (rearing supplies and host
rearing not included). Techniques attempted for mass rearing included using larger multi-host
containers with several C. florus as well as large multi-cell grids with a single leafroller and C.
florus per cell. No parasitism was observed in the large containers, and only 8% parasitism was
observed in the multi-cell container. The use of plastic straws as artificial retreats to improve
parasitoid efficiency was also tried with similar results. There are several behavioral characteristics
of the C. florus - host interaction which make mass rearing difficult. First, C. florus stings the
host and then waits while the host undergoes a behavioral change and starts spinning large
quantities of silk; thus, the parasitoid may remain with the host for from 18 h to about 3 d. The
extended period that the female remains with the host precludes many of the exposure techniques
used in mass rearing other species of parasitoid.

Alternate hosts for C. florus: In 1966 studies were begun by a graduate student, Chris
Nobbs, to locate potential alternate hosts for overwintering and summer population growth by C.
florus. Several leafrollers were discovered in alfalfa and weeds in central Washington. Clepsis
pallorana, a leafroller common in alfalfa in the Columbia Basin, was collected, a colony was
established and preliminary studies conducted to determine its suitability as a host of C. florus.
Laboratory evaluations have indicated that it is as suitable as OBLR (Table 1). Preliminary field
cage studies were conducted to determine if C. florus will parasitize C. pallorana in alfalfa in the
presence of OBLR infested apple trees. Results indicate that while OBLR in apples appear
preferred, C. pallorana was attacked successfully in alfalfa. Two other as yet unidentified
leafrollers were collected from alfalfa and weeds in the Leavenworth and Chelan areas. One of
these appeared to enter a summer aestivation state, and evaluations were not completed against
these potential hosts although we hope to examine at least one of them in 1997.
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Table 1. Comparison of Clepsis pallorana and OBLR as hosts for C. florus.

Host Percent % Producing #Progeny Sexratio Development Parasitism in
species attacked progeny produced (% male) time (days) field cages
Clepsis -

pallorana 92.0 717.5 14.0 8.1 14.3 16.5
OBLR 96.0 60.0 11.0 5.7 14.3 85.7

Diapause induction in C. florus: A study was conducted to determine the critical daylength
and temperatures which predispose C. florus to enter diapause. Freshly hatched C. florus were
placed at one of 8 temperatures and 4 daylengths. Development was monitored and diapausing
larvae noted. Results indicated that diapause was primarily induced by exposure to very cool
temperatures (below about 13°C) although there was an interaction with daylength with individuals
entering diapause at slightly warmer temperatures when the daylength was short.

Field releases of C. florus: Augmentative releases were made at 8 locations in the spring of
1996 and 8 locations against the summer leafroller generation. Release rates were set at either
1000 or 5000 per acre (except one location in summer with 500 and 2500/acre) with plot size
ranging from a tenth of an acre to one acre. Changes in leafroller phenology due to a cool spring
and extensive use of Bts made timing of releases extremely difficult; probably half of releases were
made before the leafrollers reached the appropriate stage. At several locations where Bts were
used, evaluation was difficult because a large proportion of the leafrollers collected subsequently
died from Bt intoxication (Appendix). At four release sites leafroller densities were too low to get
an adequate evaluation, although parasitism at two of these sites was 100% in the release blocks.
Despite the difficulties, several sites showed promise. Parasitism in Brewster and Milton-
Freewater was good, and at Parker parasitism was higher than expected with an earlier than
optimal release date. Also, after spring releases, C. florus was recovered from several other sites
within the Parker areawide project, and we have hopes for establishment there. Releases were also
made in Bellingham and Olympia in an attempt to establish C. florus west of the Cascade range as
a control for both native and exotic leafrollers in apples.

Parasitoid survey: Surveys for parasitoids of leafrollers were conducted at all C. florus release
locations as well as orchards in Mattawa, TFREC and Milton-Freewater, OR. As observed in
1995, the mmportant parasitoids varied between locations and in 1996 were observed to contribute
to significant mortality in two locations, although one location was different than in 1995. The
most important parasitoid in the spring at some orchards was an Enytis sp. At one of these
locations (Brewster) a significant amount of mortality was attributable to a previously undiscovered
parasitoid species in addition to tachinids and C. florus which has been identified as a Sympiesis
sp. Sympiesis appears to behave similarly to C. florus but is larger, and the females are darker
with a metallic green thorax and black abdomen. This parasitoid was also recovered at three other
locations [Bridgeport (SARE), Howard Flat-Areawide, and TFREC] in low numbers and may be
an example of a parasitoid coming back as we reduce pesticide application in some areas. In 1996,
tachinids caused significant mortality at Brewster (>80% parasitism of pupae) and at the Parker
areawide site as well as The Dalles. In Milton-Freewater, parasitism was higher in wild and
unsprayed sites than at commercial orchards. Parasitism at TFREC was again high in the second
generation, approaching 100% leafroller mortality with high rates of parasitism by C. florus and
Apanteles sp.
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3. Biological Control

OVERWINTERING LEAFHOPPER EGG DENSITY AND RATE OF PARASITISM: THE
EFFECT OF LARGE SCALE PHEROMONE-BASED MATING DISRUPTION FOR
CODLING MOTH

P. D. Himmel and E. H. Beers

WSU Tree Fruit Research & Extension Center
1100 N. Western Ave.

Wenatchee, Washington 98801

INTRODUCTION: This study is a part of the 1996 CAMP' and GRABS® programs and
represents a more detailed analysis of the data, specifically examining the relationship between
overwintering leafhopper egg density, the percentage egg parasitism by Anagrus spp., and
summer leafthopper nymph populations.

MATERIALS AND METHODS: . Leafthopper and parasitoid populations were sampled in
100 Washington State apple blocks in 3 CAMP sites (Oroville, Howard Flat, Parker) and 4
GRABS sites (Nickell, P&G, Knapp, Vantage). A subsample of blocks in the mating disruption
(MD) area were selected for intensive sampling of secondary pests and their natural enemies.
For comparison, a comparable number of blocks in the adjacent growing region were selected
that were under conventional (CONV) management. Forty 10-cm segments of 1995 wood were
gathered from each sampled block before bud break in 1996. All eggs on each wood segment
were dissected under 10x power and the status of each eggs was recorded (alive, dead,
parasitized). Summer nymph populations were determined just prior to adult emergence of each
of the 2 generations by counting the nymphs on 10 leaves from 20 trees (200 leaves/block).

RESULTS: Overwintering egg populations varied widely between the 7 sites in the program.
In general, the Oroville sites had the largest populations of eggs, followed by Howard Flat, the 4
GRABS sites and the Parker site. When all blocks were considered, it appeared that a positive
relationship existed between egg density and % parasitism (Fig. 1). When the 2 management
regimes were considered separately, however, it became clear that while the density-dependent
relationship existed for the MD blocks, it did not occur in the CONV blocks (Fig. 2). It is likely
that broadspectrum insecticide applications interfered with parasitism in the CONV blocks. No
relationship was found between total egg density and the first generation nymph population;
however, in blocks having >30% egg parasitism, there was a 5-fold decrease inlst generation
nymph populations in comparison to blocks with <30% parasitism. There was no relationship
between 2nd generation nymph populations and either overwintering egg parasitism or density of
the overwintering eggs.

' Codling Moth Areawide Project
? Growers Resource Acquisition Baseline Study

39



LOW POP

MED POP

HIGH POP

10 15 20 25 30 35 40
AVERAGE % PARASITISM
Figure 1. Level of egg parasitism in all blocks (grouped by overwintering egg population).
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Figure 2. Multiple regression of egg density as a predictor of percentage parasitsim as a
function of management regime (MD or CONV) .
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IIT. Biological Control
Mass releases of two Eurasia parasitoids of codling moth

Thomas R. Unruh
USDA-ARS, Wapato WA

Mating disruption of codling moth is proving to be a highly successful alternative to a
conventional insecticide program in apple and pear production in the Northwest. Unfortunately,
this complex management approach still does not meet the requirement of management of apple
and pear insects without neurotoxic insecticides, a goal of organic growers and a growing
segment of conventional orchardists. Enhancement of biological control is one possible part
reaching this goal. Here I present results of a field trial for suppression of overwintering codling
moth in problem areas of 6 orchards managed with mating disruption.

Codling moth is a Eurasia insect that colonized North America without its complement
of natural enemies. We have imported several species of parasitoids in an attempt to establish
them in unmanaged host habitats. A second aspect of this work has been to test the value of
mass releases of two of these parasitoids into organically managed orchards to remediate codling
moth problems. In 1996 we conducted releases of Liotryphon caudatus and Mastrus
ridibundus, at rates of 1,000 females per acre, either as single species or 50% of each species.
These wasps both attack cocooned larvae, the overwintering stage of codling moth. Releases
were variously timed with the earliest releases made September 4 and the latest on October 16.
The efficacy of releases were assessed from trap bands placed in study sites in mid-August and
from sentinel host cocoons placed in trees at the time of release.

Results of the trials were highly variable and depended strongly on release timing. The
early releases produced up to 60% parasitism of codling moth, 10% by Liotryphon and the
remaining 50% by Mastrus. At sites where releases were later parasitism was 10% or less. The
results clearly demonstrated the value of making releases early in fall or in late summer, to
allow enough warm days for parasitoids to find and parasitize codling moth. A second result
from the 1996 studies is that these parasitoids are highly mobile; parasitism in 1 acre blocks
adjacent to release sites showed parasitism rates approaching that in release blocks. In 1997 both
summer generation and fall generation codling moth will be targeted for release; trap band
assessments will cover much larger areas than the release blocks; and releases will occur earlier
in the fall generation. 1997 trials will emphasize Mastrus because this gregarious species is
reared more economically on codling moth than is the solitary Liotryphon species.
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3. Biological Control

PREHARVEST RELEASE OF GREEN LACEWING
EGGS5 AND ADULTS TO SUPPRESS LEVELS OF
OVERWINTERING ADULT PEAR PSYLLA

B. G. Zoller
The Pear Doctor, Inc.
P. 0. Box 335
Kelseyville, CA 895451

Soft treatment alternatives in pear psylla (PP) management
are few. Currently, postharvest supreme cil treatments are
relied upon in many California Bartlett pear orchards to suppress
PP levels prior to winter. Occasionally, postharvest levels have
been so high that additional treatments have been warranted.

Late July releases of eggs and adults of the green lacewing
{GLW) Chrysoperla rufilabris were evaluated as late season PP
suppressants in Lake and Mendocino Counties in 19%%0. These were
obtained from a commercial insectary (Beneficial Insectary, 14751
Oak Run Road, Oak Run, CA 96069). Releases of eggs were tested
in 5 blocks and adult releases in 4 blocks, 1/2 acre each. The
treatment area PP levels were compared with PP levels in adjacent
1/2 acre control areas of the same plantings bv limb tap surveys
{50 trays/test area), done in December. Both GLW and control
areas received one post harvest supreme oil treatment at 5 gal
per 600 gal/acre in September. ©No other treatments were applied
in the GLW or control areas once the releases were completed.
Insect and disease management treatments varied slightly among
the test orchards but had been the same in each of the paired GLW
and control areas prior to the insect releases.

Results and Conclusion

Measurable suppression of overwintering PP 1n December was
obtained by releasing approximately 22,000~31,000 GLW eggs/acre
into the crotches of Bartlett pear trees in late July after the
preharvest insecticide program had been completed. Suppression
?f ﬁgegwintering PP using adult GLW releases was not obtained

Table) .,

Costs and avallability dictated the rates of adults which
could be tested. If the adults survived, were 50% females, and
laid 40 eggs per female, the resulting number of eggs from the
adult release would be 12,000 eg%s per acre, only 50% of the egg
release rates. However, if egg-fecundity approached the optimum
400 eggs per female obtained in the insectary under controlled
conditions at 75-78F and 75% RH, 100,000 eggs per acre might be
expected from the same number of females (Cynthia Penn, personal
communication). .
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TABLE
OVERWINTERING ADULT PP LEVELS IN TEST AREAS, 12-4-90

TEST ORCHARDS TREATMENTS PP LEVELS

JULY GLW RELEASE RATES? % OF CONTROL

-

TREE TREES/ | EGGS®/ EGGS/ ADULTS®*/ APULTS/ EGG ADULT

BLOCK AGE ACRE TREE ACRE TREE ACRE AREA AREA
1 28 194 160 31,000 5.2 1000 54 76
2 50 71 330 23,000 8.3 600 83 111
3 35 108 200 22,000 - - 76 -
4 20 218 1006 22,000 2.3 500 81 105
5 60 230 106 23,000 2.5 600 61 89
MEAN 71a 95b

a Results significant at the 5% level of probability using a t
test.

b Results not significant at the 5% level of probability using
a t test.

1 Cost of treatments was
Eggs $2/1000; $48/acre at 24,000 e?gs/acre.
Adults $£100/500; S51l20/acre at 600 adults/acre.

GLW eggs were obtained in containers of 1000 eggs each.
Approximately 100-330 eggs were poured into the crotches

of each tree 1n the release test areas within 3 days of
receipt from the insectary. Within a few days GLW nymphs
could be seen in the crotcech area and on scaffold limbs above
the release area.

GLW adults were obtained in containers of 500 each and were
released within 1 day of receipt from the insectary. Adults
were released b walﬁing down the test rows and thum?in% the
container, which was opened at the top. Probably 75% of the
insects immediately flew into the trees at the moment of
release. The remalning 25% descended to the orchard floor.
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Section 4: Chemical Control/New Products

A Decade of Fenoxycarb in Fruit in Europe

Max L. Frischknecht Thomas Bridges
Ciba-Geigy Limited Ciba Crop Protection
Inseet Control, PP 7.311 Greensboro, NC

CH-4002 Basle, Switzerland

The summerfruit tortrix moth {Adoxophyes orana) was the key pest in apples in Europe in the mid
eighties. With the introduction of fenoxycarb (INSEGAR 25 WP) an effective tool to control this pest
became available, Fenoxycarb is an Insect Growth Regulator (IGR) active against specific
developmental stages of various lepidopterous pests. It prevents (i) the over-wintering last larval
instar of tortrix species to transform into pupae and (ii) the hatching of young eggs of the codling
moth into larvae. It has no negative effects on predatory mites and is harmless to major beneficial
insects.

Together with other selective products - PIRIMOR (pirimicarb) against aphids, DIMILIN
(diflubenzuron) against codling moth and winter moth and APOLLO (clofentezine) against spider
mites - the establishment of crop programs which are compatible with Integrated Pest Management
(IPM) became possible. Applications of selective insecticides were made on the basis on observations
and specific thresholds and consequently the number of treatments per season could be reduced and
predatory mites became well established. Today fenoxycarb is successfully on the market since ten
years and remains a key product in IPM fruit orchards - e.g., 70% of the IPM orchards in Switzerland
are treated with the product. Based on the fact that the codling moth does not show resistance
towards fenoxycarb, INSEGAR gained in importance for codling moth control in regions where other
IGRs are faced with serious problems.

Registration for fenoxycarb (Comply™ 40WP) was submitted in the fall of 1995 for use in pome fruit
and nut crops. Registration for pome fruit is expected in the first quarter of 1997. Comply has been
successfully used during the past three years under a Section 18 in Washington and Oregon for
control of pear psylla. Full registration will allow post bloom applications for control of codling moth,
leafrollers and tentiform leafminers.

1C-47 (G:CF-DOC/AC-DC) ch:12/16/96
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4. Chemical Control/New Products
RESULTS FROM THE FIRST YEAR OF AN APPLE ORCHARD ECOLOGY STUDY

Tanya S. Price and E. H. Beers

WSU Tree Fruit Research & Extension Center
1100 N. Western Ave.

Wenatchee, Washington 98801

This study is part of a series of agchemical product experiments conducted throughout the
country in a non-traditional format. The emphasis is examining medium-term changes in both
pest and beneficial fauna under different management regimes based on selective or conventional
products. The current study examines the effects of Aphistar vs Provado (both aphicides),
compared to an untreated control. The treatments are applied to replicated large blocks, and
seasonal counts of pests and natural enemies are taken. The study is planned to be continue for 3
years.

Materials and Methods: A 2nd-leaf ‘Golden Delicious’ apple block with crabapple pollenizers
was selected in the spring of 1996. A 5-acre section was divided into 9 plots in a 3 x 3 (RCB)
arrangement, with each plot ca. 0.55 acres. The block was under codling moth mating
disruption. Within each plot, 20 trees were tagged, and samples of all pests and natural enemies
were taken from these trees. A 2-row and 5-tree buffer was observed between the nearest tagged
tree and the plot border. Most tree fruit pests and NEs were counted, including: green apple
aphid and NEs; rosy apple aphid colonies; leafroller larvae and shelters; leafroller parasitoids
(reared from field-collected larvae); white apple ieafthopper (1st and 2nd generation); western
tentiform leafminer (population and parasitism);, phytophagous and predatory mites; codling
moth (10x lure), obliquebanded and pandemis adult moths in pheromone traps; fruit damage by
codling moth (after 1st generation) and damage by all pests (harvest). Fruit were also graded on
the Aweta packing line for numbers and weights. Treatments were applied on 16 July and 20
August, 1996, with an airblast sprayer calibrated to deliver 60 gpa. Other than mating disruption,
no other insecticides were used.

Results and Discussion: Aphid populations were moderate during June, and started to build
during early July (Fig. 1). The first aphicide treatments provided adequate suppression, with no
statistical difference between the 2 aphicides, both of which were better than the untreated
control. By mid-August, aphid populations had declined in all treatments, and no differences
among treatments (including the control) occurred just before or after treatment. Leathopper and
mite populations were low throughout the season; leafminer populations were moderate (data not
shown). Leafrollers were the most numerous and damaging direct pest, as indicated by larval
populations and fruit damage at harvest (Fig. 2). Codling moth damage was minimal (<3.5%)
considering no broadspectrum pesticides were applied. Aphid damage (honevdew/sooty mold)
was also moderate (<2.5% overall), with no difference among treatments. Bitter pit was a severe
problem, and rot was extensive, usually associated with leafroller damage.
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Figure 1. Seasonal apple aphid populations, 1996.
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Figure 2. Fruit damage by various pests, Soaring Eagle, 1996.
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4. Chemical Control/New Products

CODLING MOTH: CHEMICAL EVALUATIONS

Richard Hilton, Philip VanBuskirk, and Peter Westigard
OSU Southern Oregon Research & Extension Center
Medford OR 97502

A number of materials with codling moth activity were evaluated during the 1996 season
on Bartlett pear. The materials tested were: bifenthrin, CM001, ryania, AC 303,630, and
Agrimek. The trials varied in their design utilizing different application methods, spray
timings, and plot sizes.

Bifenthrin (Brigade), applied at two rates to four, single tree replicates with a handgun
sprayer provided significantly better control of codling moth at harvest than Guthion in a
three spray program. Levels of secondary pests, specifically twospotted spider mite and
pear psylla, were generally low. Where bifenthrin was applied the seasonal levels of psylla
adults and psylla nymphs were higher than the level in the untreated check but lower than
in the Guthion treatment. The only significant difference in the level of benefictals was
seen on the initial sample date following the first cover spray when the number of
beneficials was higher in the check plot than in the bifenthrin treated plots.

Two formulations of CMO001, an insect growth regulator, were applied by speed sprayer,
three times, in an unreplicated plot. Both CM001 formulations provided fairly similar
levels of control of codling moth but the control was substantially less than was observed
in the Guthion treated plot. The same application timings were used for both Guthion and
CMO001, with the initial spray at 250 degree days after codling moth biofix, however,
considering the IGR nature of CMO0O1, an earlier application timing appears to be
indicated.

In a 1.2 ac. block utilizing mating disruption and oil for control of codling moth, different
ryania programs were tested during the first codling moth generation. Plots were 0.1 ac.
in size, consisting of 75 trees, replicated three times; and the ryania, Ryan 50, was applied
with a speed sprayer. The four treatments were: 1) two sprays of ryania with the timing
corresponding to first and second cover, 2) first cover spray only, 3) second cover spray
only, and 4) no applications. The ryania was applied by itself during the first cover timing
but mixed with the third oil application at the second cover timing. The entire block was
treated with Guthion at third cover. While there were no significant differences among
treatments with respect to codling moth infestation, the level of infestation in the two
treatments with the second cover application of ryania was between 25% and 45% less
than the level in the two treatments without a second cover application of ryania.

Agrimek and three rates of AC 303,630 were applied once to four single tree replicates at
petal fall for control of pear psylla in the same block where bifenthrin was tested. When
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codling moth injury was observed after first generation, all treatments showed a significant
effect with Agrimek providing control statistically equivalent to the Guthion treatment.

Percent Codling Moth Infested Fruit

‘ 1st Generation At Harvest

Treatment Rate/ac. 7/10 _8/14

Brigade 10WP 0.05 Ib. ai Oa la .

Brigade 10WP 0.11b. ai 05a la '

Guthion 250 la 13b

Check — 33b 7S¢ .
1st Generation - At Harvest

Treatment Rate/ac. 7/9 812

CMO00C1 EC 1600 ml. 2.5 11.5

CMO001 SC 1600 ml 2.0 9.0

Guthion 251 0.0 2.5

Check -— 31.0 65.5
1st Generation At Harvest

Treatment and Timing 7/11 8/13

No Ryania 53a 220a

Ryania 1" and 2™ Cover 23a 1302

Ryania 1* Cover only 57a 233a

Ryania 2™ Cover only 47 a 163 a

1st Generation

Treatment Rate/ac. 7/10

AC 303,630 0.151b 145 ¢

AC 303,630 with 0.5% o1l 0.151b 125 ¢ N
AC 303,630 with 0.5% oil 0.201b 140 ¢

AC 303,630 with 0.5% oil 0.251b 95 be

Agrimek with 0.25% oil 16 oz 4.5 ab r
Guthion 251 10 a '
Check - 33.0 b

Means within a column foilowed by the same letter are not significantly different (P=0.05 Fisher’s protected LSD).
Percentage data were subjected to arcsine transformation for statistical analysis. Nontransformed means are
presented for comparison.
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Chemical Control/ New Products
CODLING MOTH CONTROL IN PEARS

R. A. Van Steenwyk & R. M. Nomoto
Department of Environmental Science,
Policy and Management
University of California, Berkeley, CA 94720

Methods and Materials: A study was conducted in a commercial ‘Bartlett’ pear
orchard planted on a 25 ft. x 25 ft. spacing (70 tree/acre) in Fairfield, California.
Eighteen treatments were replicated four times in a randomized, complete block
design. Each replicate was an individual tree. Foliar sprays were applied with a
handgun operating at 200 psi with a finished spray volume of 200 gal. per acre
(2.87 gal/tree). Applications were scheduled hased on degree days (DD). DD were
calculated with a biofix of 31 March for the first generation and a 17 June biofix
for the second generation using a single sine horizontal cutoff model with a lower
threshold of 50° F and an upper threshold of 88° F. Maximum and minimum air
temperatures were obtained from the IMPACT weather station at Cordelia, CA.
Flight activity was monitored with a pheromone trap placed high in the tree
canopy. Target application timings were: Knack and difenclan at 100 and 500 DD
from 1st biofix; CM-001 at 200 and 600 DD from 1st biofix and 200 DD from 2nd
biofix; CM-002/X, Brigade and Azinphos-M (grower standard) at 250 and 650 DD
from 1st biofix and 250 DD from 2nd biofix. Due to rain on 15 through 18 May and

again on 21 May and high winds through 25 May, the 600 DD and 650 DD

applications were postponed until 28 May (699 DD). In addition, Knack and
difenolan, which were applied on 14 May, were retreated on 28 May. Control of
the first CM generation was evaluated on 6 June by inspecting 50 fruit from the
bottom of the tree canopy and 50 fruit from the top of the tree canopy per replicate
for CM infestation (a total of 400 fruit per treatment). Control of the second
generation was evaluated at harvest on 22 July by inspecting a maximum of 125
fruit from the bottom of the tree canopy and 125 fruit from the top of the tree
canopy per replicate for CM infestation. Due to the low crop this year, the number
of fruit inspected varied by treatment. Control of pear psylla nymphs, motile
twospotted spider mites and European red mites was evaluated by sampling 10
exterior and 10 interior leaves per replicate weekly from 18 June through 16 July.
Pear psylla nymphs and motile twospotted spider mites and European red mites
were brushed from the sampled leaves and counted under magnification (20X).
Results and Discussion:

First Generation Evaluation - There was not a great deal of difference
between the percent infestation from fruit high in the tree canopy as compared to
fruit from low in the tree canopy in the first generation evaluation (Table 1). The
fruit high and low in the tree canopy were combined for the total infestation. All
insecticide treatments had significantly lower CM infestation as compared to the
untreated control. There was no significant difference in CM infestation among
all insecticide treatments except that the CM-001 and Knack at 0.11 1b (AI)/ac
treatments had significant higher infestation as compared to the grower standard
(Azinphos-M). ’
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Harvest Evaluation - The crop was very low this year and the number of
fruit inspected at harvest was less than the desired 250 fruit per replicate (125 low
fruit and 125 high fruit). The low crop was the result of a lack of winter chilling
which caused an extended bloom period. The extended bloom period coupled with
unusually frequent and heavy spring rains resulted in poor pollination and fruit
set. In addition, the spring rains caused an increase in the number of fire blight
infestations this year which reduced the number of fruit per tree even further.
The number of fruit inspected was less than 250 fruit per replicate in all
treatments except CM-002/X at 0.0089 1b (Al)/ac. The total CM infestation in the
untreated control was extremely high (56%) and was significantly higher than all
other treatments (Table 2). There was no significant difference in CM infestation
among the grower standard (Azinphos-M), Brigade at 0.06 and 0.1 1b (Al)/ac,
Azinphos-M followed by Brigade at 0.06 lb (Al)/ac, CM-002X at 0.0178 lb (Al)/ac,
Knack at 0.066 and 0.11 b (Al)Yac followed by two applications of Azinphos-M, and
difenolan at 0.1875 (AlYac followed by two applications of Azinphos-M.

Secondary Pest Evaluations - The pear psylla, twospotted spider mite and
European red mite populations, in general, were higher in those treatments that
contained two or more Azinphos-M applications.

Conclusions: This trial was conducted against a very high CM population with
over 55% infested fruit at harvest in the untreated control and over 2% infested
fruit in the grower standard (three applications of Azinphos-M at 1.5 lb (AI)/ac).
The acceptable CM infestation level for growers is less than 0.5%. Thus no
treatment approached the grower acceptable level including the grower standard.
However, Brigade at 0.06 and 0.1 Ib (AI)/ac. applied three times, Brigade at 0.06 1b
(AD)/ac. applied twice with one applications of Azinphos-M, CM-002/X at 0.0178 lb
(AlYac applied three times, difenolan at 0.1875 (Al)/ac. and Knack at 0.066 lb
(Al)/ac. applied once with two applications of Azinphos-M had CM infestation
levels similar to that of the grower standard treatment. It appears that only
Brigade and possibly the high rate of CM-002/X could be a direct replacement for
Azinphos-M. Difenolan and Knack will have to be used in a combination program
with Azinphos-M. However, the combination of CGA- 59205 and Knack with
Azinphos-M may result in an increase in mite or psylla populations.
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Table 1. Mean Percent CM Infestation at First Generation in Fairfield, CA - 1996.

Mean* Percent

Rate Codling Moth Infested Fruit
Treatment 1b (ADY/ac High Low Total
1) Brigade 10WP 0.06 10a 0.5a 0.8 ab
2) Brigade 10WP 0.10 0.0a 0.0a 0.0a
3) Azinphos-M 50WP 1.5
Brigade 10WP (2X) 0.06 0.0a 0.5a 0.3a
4) CM-001 5%SC 0.045 6.0 cd 50c¢ 55d
5) CM-001 5%SC 0.089 2.5 ab 3.5bc 3.0cd
6) CM-001 5%EC 0.045 1.5ab 3.0bc 2.3bc
7) CM-001 5%EC 0.089 05a 50¢ 2.8cd
8) CM-002/X 0.5%EC 0.0045 1.5 ab 2.0 ab 1.8 abe
9) CM-002/X 0.5%EC 0.0089 2.0 ab 00a 1.0 abe
10) CM-002/X 0.5%EC 0.0178 0.0a 0.0a 0.0a
11) Difenolan 35WP (2X) 0.125
Azinphos-M 50WP 1.5 2.0 ab 2.5 abc 2.3bc
12) Difenclan 35WP 0.1875
Azinphos-M 50WP (2X) 15 2.0 ab 2.5 abc 2.3bc
13) Knack 0.86EC (2X) 0.066
Azinphos-M 50WP 1.5 1.5ab 0.0a 0.8 ab
14) Knack 0.86EC 0.066
Azinphos-M 50WP (2X) 1.5 05a 1.5ab 1.0 abe
15) Knack 0.86EC (2X) 0.11
Azinphos-M 50WP 1.5 4.5be 1.5ab 3.0cd
16) Knack 0.86EC 0.11
Azinphos-M 50WP (2X) 1.5 2.5 ab 1.5ab 2.0 abc
17) Azinphos-M 50WP 1.5 1.0a 0.0a 0.5ab
18) Untreated — 13.0d 13.0d 13.0e

* 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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Table 2. Mean Percent Codling Moth Infestation at Harvest in Fairfield, CA - 1996.

Mean* Percent

Rate Codling Moth Infested Fruit
Treatment 1b (ADY/ac Low High Total
1) Brigade 10WP 0.06 4.4 bed 2.6 ab 3.5 abed
2) Brigade 10WP 0.10 06a 3.4 abc 2.1ab .
)
3) Azinphos-M 50WP 1.5
Brigade 10WP (2X) 0.06 1.8 ab 2.7 ab 2.0a
4) CM-001 5%SC 0.045 17.8 hi 21.1e 19.61
5) CM-001 5%SC 0.089 14.8 ghi 7.8 bed 119h
6) CM-001 5%EC 0.045 22.21 20.2e 2141
7) CM-001 5%EC 0.089 11.8 fgh 6.0 abed 9.8 fgh
8) CM-002/X 0.56%EC 0.0045 7.8 def 9.4 cd 8.6 efgh
9) CM-002/X 0.5%EC 0.0089 9.6 efg 12.2 de 11.0gh
10) CM-002/X 0.5%EC 0.0178 4.4 bede 4.5 abc 4.6 bede
11) Difenolan 35WP (2X) 0.125
Azinphos-M 50WP 1.5 3.7 bed 9.9 cd 6.5 defg
12) Difenolan 35WP 0.1875
Azinphos-M 50WP (2X) 1.5 3.0 bed 2.7 ab 2.9 abed
13) Knack 0.86EC (2X) 0.066
Azinphos-M 50WP 1.5 5.2 cde 5.3 abed 5.5 cdef
14) Knack 0.86EC 0.066
Azinphos-M 50WP (2X) 1.5 2.4 abc 3.2ab 3.1 abed
15) Knack 0.86EC (2X) 0.11
Azinphos-M 50WP 1.5 6.1 cdef 6.6 abcd 6.4 defg ' R
16) Knack 0.86EC 0.11
Azinphos-M 50WP (2X) 15 5.5 cde 5.2 abed 5.3 bedef n
17) Azinphos-M 50WP 1.5 2.2 abe 19a 2.1ab

18) Untreated —— 56.17 553 f 55.7]
* Means followed by the same letter within a column are not 31gn1ﬁcant1y
different (Fisher's protected L.SD, P < 0.05). Data analyzed usmg an arcsin
transformation.
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Chemical Control/ New Products

EVALUATION OF CONFIRM FOR CODLING MOTH
AND LEAFROLLER CONTROL IN PEARS

R. A. Van Steenwyk & R. M. Nomoto
Department of Environmental Science,
Policy and Management
University of California, Berkeley, CA 94720

A. Full Season Evaluation of Confirm for Coding Moth Control

Methods and Materials: A study was conducted in a commercial ‘Bartlett’ pear
orchard in Hood, California. Three unreplicated treatments of ca. five acres each
were applied using an air-blast speed sprayer operating at 1.75 mph and applying
100 gal. of finished spray per acre. The three treatments were: Confirm 2F
applied four, Confirm 2F applied five times and Guthion 50WP applied three
times during the season. Applications were scheduled based on degree days (DD).
DD were calculated with a biofix of 31 March for the first generation and 11 June
biofix for the second generation using a single sine horizontal cutoff model with a
lower threshold of 50° F and an upper threshold of 88° F. Maximum and
minimum air temperatures were obtained from the IMPACT weather station at
Lodi, CA. Flight activity of male codling moth (CM) was monitored with a
pheromone trap placed in the experimental area. Target application timings
were: Confirm at 200 DD or beginning of egg hatch of the A peak of the first flight
(5/3), two weeks after the first application (5 application treatment only - 5/18), 700
DD or beginning of egg hatch of the B peak of the first generation (6/3), 200 DD or
beginning of egg hatch of the A peak of the second generation (6/14) and a final
application at the “stop drop” timing (7/2). The grower standard (Guthion) target
application timing was: 250 DD or egg hatch of the A peak of the first (5/9) and
second (6/14) generations and at the “stop drop” timing (7/3). Control of the CM
infestation and leafroller damage was evaluated on 11 June and 15 July
(beginning of commerical harvest) by inspecting 250 fruit from the bottom of the
tree canopy from four widely separated areas within each unreplicated treatment
(a total of 1,000 fruit per treatment per evaluation).

Results and Discussion:

First Generation Evaluation - The CM infestation was significantly higher
in the Confirm four application treatment than in the Confirm five application
treatment which was in turn significantly higher than the grower standard
(Table 1). At the time of this evaluation, the Confirm four application treatment
had only two applications (3 May and 3 June) while the Confirm five application
treatment had three applications (3 May, 18 May and 3 June). The 18 May
application of Confirm was responsible for the significantly lower infestation in
the five Confirm application treatment. In comparison, only one application of
Guthion (grower standard) on 9 May resulted in 0.1% infested fruit. No leafroller
damage was observed in any of the treatments.
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Harvest Evaluation - The CM infestation after the completion of all
applications showed a similar pattern of infestation to the first generation
evaluation. However, the CM infestation in the Confirm treatments was
extremely high and required bin sorting before the fruit could be delivered to the
shed. Again, no leafroller damage was observed in any of the treatments.
Conclusions: Although this study was conducted against a moderate CM
population, it appears that Confirm cannot be used in a stand alone program for
CM control. The five Confirm application treatment had over 6% damage despite
Confirm applications at approximately two week intervals. Confirm will have to s
be augmented with conventional insecticide or CM pheromonal control to achieve
grower acceptable infestation levels.

Table 1. Mean Percent Codling Moth Infested Fruit from the Full Season
Evaluation of Confirm at Hood, CA - 1996.

Mean** Percent

No. Codling Moth Infested Fruit
Treatment* Applications 1st Gen. (6/11) Harvest (7/15)
Confirm 2F 4 20a 139a
Confirm 2F 5 08b 68b
Guthion 50WP 3 0.1c 00c¢

* Confirm was applied at 0.28 1b (Al)ac. All Confirm applications contained 0.5
pt. Latron-1956 per 100 gal. Guthion was applied at 1.0 1b (AI)/ac for the first two
applications and 1.5 1b (AI)Yac for the last application.

** 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.

B. Evaluation of Spray Volhume of Confirm for CM Control
Methods and Materials: A study was conducted in a commercial ‘Bartlett’ pear
orchard in Grand Island, California. Four unreplicated treatments of ca. five
acres each were applied using an air-blast speed sprayer. The four treatments
were: Confirm 2F applied at 400 gal of finished spray per acre, Confirm 2F applied
at 250 gal of finished spray per acre, a grower standard applied at 250 gal of
finished spray per acre and a grower standard plus pheromone disruption.
Applications were scheduled based on DD. DD were calculated with a biofix of 22
April for the first generation and 22 June for the second generation. Flight
activity of male CM was monitored with two pheromone traps placed in the
experimental area. Target application timings were: the grower standard of .
Imidan at 250 DD or egg hatch of the A peak of the first flight (5/4), Guthion at two
weeks after the first application of Imidan (5/18), Penncap-M at 700 DD or egg
hatch of the B peak of the first generation (6/2) and a final application of Guthion x
at the “stop drop” timing (6/26). Confirm treatments of 250 and 400 gal of finished ’
spray per acre were targeted to proceed each of the grower standard applications
by 50 to 100 DD (3 or 4 days). A fourth treatment consisted of the aforementioned
grower standard treatment program combined with three applications of
Checkmate CM pheromone applied on 28 March, 8 May and 22 June. Control of
the CM infestation and leafroller damage was evaluated on 13 June and 15 July by
inspecting 250 fruit from the bottom of the tree canopy from four widely separated
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areas within each unreplicated treatment (a total of 1,000 fruit per treatment per
evaluation).
Results and Discussion:

First Generation Evaluation - The CM infestation was significantly higher
in the Confirm at 250 gal per acre treatment than in the Confirm at 400 gal per
acre and grower standard treatments (Table 2). The increased spray volume
caused a significant increase in CM control. It is speculated that the increased
spray volume caused a more thorough coverage of the fruit with Confirm. No
leafroller damage was observed in any of the treatments.

Harvest Evaluation - The CM infestation showed a similar pattern to the
first generation evaluation. However, the CM infestation in the Confirm
treatments was high as compared to the grower standard treatment, particularly
in the 250 gal per acre treatment which required bin sorting before the fruit could
be delivered to the shed. Even the 400 gal. per acre treatment had a CM
infestation level that was unacceptable to the grower. Again, no leafroller
damage was observed in any of the treatments.

Conclusions: This study was conducted against a moderate CM population. An
increased spray volume caused a significant increase in CM control. Similar
findings were reported by Pons and Riedl in 1995. The use of Confirm requires
thorough coverage with a spray volume of approximately 400 gal. per acre to be
effective. However, this volume of finished spray may meet with grower
resistance since typical spray volumes range between 100 to 250 gal. per acre and
400 gal. per acre would add additional costs to the application.

Table 2. Mean Percent Codling Moth Infested Fruit from Spray Volume
Evaluation of Confirm at Grand Island, CA - 1996.

Mean®* Percent
Codling Moth Infested Fruit

Treatment* 1st Gen. (6/13) Harvest (7/15)
Confirm 2F at 250 Gal 0.8a 69a
Confirm 2Fat 400 Gal 0.3b 1.1b
Standard at 250 Gal 0.1b 0.0b
Standard at 250 Gal +

Pheromone Disruption 00b 00b

* Confirm was applied at 0.28 1b (Al)/ac. All Confirm applications contained 0.5
pt. Latron-1956 per 100 gal. Grower Standard was: Imidan 50WP at 2.0 Ib (Al)/ac,
Guthion 50WP at 1.5 1b (Al)/ac and Penncap-M 2EC at 2.0 1b (Al)/ac .

**  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.

C. Evaluation of Supplemental CM and Leafroller Control with Confirm
Methods and Materials: A study was conducted in a commercial '‘Bartlett' pear
orchard in Courtland, California that was under phermonal control for CM.
Three unreplicated treatments of ca. five acres each were applied using an air-
blast speed sprayer operating at 1.75 mph and applying 100 gal. of finished spray
per acre, The three treatments were: Confirm 2F applied at the "B" peak of the 1st
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CM flight and at the "stop drop” timing, Penncap-M applied at the "B" peak of the
1st CM flight and Guthion 50WP applied at the "stop drop” timing. Applications
were scheduled based on the expected life of the Checkmate pheromone
dispensers (45-60 days) and the anticipated beginning of the B peak of the first CM
flight. Flight activity of male CM was monitored with a pheromone trap baited
with 10 mg of codlemone placed in the experimental area. Target application
timings for Confirm and Penncap-M were mid-May (5/11) (45 days after
Checkmate pheromone dispensers were applied) and a second application of
Confirm at the “stop drop” timing (7/2). The untreated control required an
application of Guthion at the “stop drop” (7/2) timing because of damaging levels of
leafroller. Control of the CM infestation and leafroller damage was evaluated on
11 June and 15 July by inspecting 250 fruit from the bottom of the tree canopy from
four widely separated areas within each unreplicated treatment (a total of 1,000
fruit per treatment per evaluation).

Results and Discussion:

First Generation FEvaluation - There was no CM infestation in any of
treatments and only 0.1% leafroller damage in the Guthion treatment (Tables 3
and 4). At the time of this evaluation, the Guthion treatment could be considered
an untreated control since Guthion had not been applied while Confirm and
Penncap-M had been applied about one month earlier. These results would
indicate that the CM pheromonal control alone had suppressed the CM
population and that Penncap-M and Confirm were of little additional benefit in
CM control.

Harvest Evaluation - There was no significant difference in CM infestation
among the treatments. The lack of significant difference among the treatments
was due to the very low CM infestation observed in the study. CM infestation
ranged from 0.1% for Confirm and Guthion to 0.2% for Penncap-M. Again, these
results would indicate that the CM pheromonal control had suppressed the CM
population and that Guthion, Penncap-M and Confirm were of little additional
benefit in CM control. However, the Confirm and Penncap-M treatments had
significantly lower leafroller damage as compared to the Guthion treatment. The
“stop drop” application of Guthion was not adequate in preventing damage from
the increased leafroller population. However, the Guthion treatment may have
prevented much greater leafroller damage. In the Guthion treatment, the
combined CM infestation and leafroller damage was 0.5% which is an
unacceptable damage level to pear growers.

Conclusions: This study was conducted against a low CM population which had
been under CM pheromonal control for the past three years. It would appear that
the application of Penncap-M at the B peak of the first CM flight timing or
applications of Confirm at the B peak of the first CM flight and “stop drop” timings
had little benefit in CM control. However, both Penncap-M and Confirm were
successful in suppressing the leafroller damage. In orchards where CM has
been suppressed by pheromonal control and leafrollers have become a problem,
Confirm, with its desirable mammalian toxicity and environmental effects, would
be the material of choice.
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Table 3. Mean Percent Codling Moth Infested Fruit from CM Pheromonal Control
and Confirm at Courtland, CA - 1996.

Mean** Percent

Rate Codling Moth Infested Fruit
Treatment b (ATYac 1 st. Gen. (6/11)  Harvest (7/15)
Confirm 2F* 0.28 0.0a 0.1a
Penncap-M 2EC 2.0 0.0a 02a
Guthion 50 WP 0.5 . 00a 0.1a

*  All Confirm applications contained 0.5 pt. Latron-1956 per 100 gal.

*# 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.

Table 4. Mean Percent Leafroller Damaged Fruit from CM Pheromonal Control
and Confirm at Courtland, CA - 1996.

Mean*®* Percent

Rate Leafroller Damaged Fruit
Treatment 1b (ATYac 1st Gen, (6/11) Harvest (7/15)
Confirm 2F* 0.28 0.0 a 0.0a
Penncap-M 2EC 2.0 0.0a 0.0a
Guthion 50 WP 0.5 0.1a 04b

*  All Confirm applications contained 0.5 pt. Latron-1956 per 100 gal.

**  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.

General Conclusions of Confirm Studies: These three large plot studies indicate
that Confirm cannot be used in a stand alone program for CM control and the
effectiveness of Confirm will be enhanced by increased coverage through either
increased spray volume or reduced sprayer speed. The most promising use of
Confirm is as a supplemental insecticide to be used in conjunction with CM
pheromonal control. Confirm used in conjunction with CM pheromonal control
provides leafroller control and some additional CM control.




Chemical Control/ New Products

EFFECT OF POST-HARVEST ETHEPHON ON
CODLING MOTH SURVIVAL

R. A. Van Steenwyk & R. M. Nomoto
Department of Environmental Science,
Policy and Management
University of California, Berkeley, CA 94720

Methods and Materials: The trial was conducted in commercial ‘Bartlett’ pear
orchard in the Courtland, California. Three treatments were replicated four
times in a randomized complete block design. Each replicate was 8 trees long by
11 rows wide (0.5 ac). The trees were planted on a 11 ft. by 22 ft. square (180
trees/ac). The treatments were applied with a air-blast speed sprayer operating at
1.75 mph with a finished spray volume of 100 gal. per acre. The three treatments
were: ethephon at 1200 and 1800 ppm (4 and 6 pt. Ethrel per 100 gal.) and an
untreated control. The treatments were applied on 14 August.

The effect of ethephon on fruit drop was evaluated weekly from 21 August
through 2 October. On the day preceding application, 25 rattail and 25 mature
green fruit were flagged per replicate (100 of both fruit types per treatment).
Percent fruit drop was based on the number of flagged fruit remaining on the
trees at the weekly evaluations. The effect of ethephon on fruit maturity (fruit
pressure and fruit color) was evaluated weekly from 14 August though 28 August
for mature green fruit and 14 August through 11 September for rattail fruit. Fruit
color and pressure were determined on 10 rattail and 10 mature green fruit per
replicate (40 of both fruit types per treatment). Fruit color was determined using
standardized peach maturity color chips which were provided by the California
Tree Fruit Agreement. The chips were modified to more accurately reflect pear
maturity. We assigned color A=1,C=2,D=3, H=4,1=5, and J = 6. Fruit
pressure was determined with a penetrometer taking three readings per fruit.

The effect of ethephon on CM survival was determined by infesting 10
rattail and 10 mature green uninfested fruit per replicate (40 of both fruit types per
treatment) on 14 August and 5 rattail and 5 mature green uninfested fruit per
replicate (20 of both fruit types per treatment) on 21 and 28 August. Fruit was
infested by placing two recently hatched CM larvae on the calyx end of each fruit.
A small plastic cup was placed over the larvae and sealed to the fruit to prevent
predation or larvae falling off the fruit. The fruit was removed from the trees two
weeks after infestation and placed individually in a large plastic container. The
plastic container had a layer of single-sided corrugated cardboard above and
below the infested fruit to serve as a site for pupation or diapause. The containers
were inspected weekly for six weeks to determine if a larva had infested the fruit
and had successfully completed development. In addition, 25 rattail and 25
mature green naturally infested fruit per treatment were removed from the trees
on 21 August and placed in the large plastic containers.

Results and Discussion: Mean percent rattail and mature green fruit drop was
accelerated with the application of ethephon as compared to the untreated control.
Two weeks after application, 67% and 75% of the mature green fruit had dropped
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at the 4 and 6 pt. Ethrel/ac, respectively, while only 36% of the fruit had dropped in
the control. Five weeks after application, 256% and 26% of the rattail fruit had
dropped at the 4 and 6 pt. Ethrel/ac, respectively, while only 6% of the fruit
dropped in the control. The fruit drop was much greater in the ethephon
treatments and untreated control than had been observed in previous years
studies. The increased fruit drop was the result of the late application date (14
August) of ethephon. If we had applied ethephon in the first week of August, then
we would have observed much lower fruit drop.

In addition to fruit drop, mean rattail and mature green fruit pressure was
reduced with the application of ethephon as compared to the untreated control.
One week after application, mean mature green fruit pressure was 8.5 and 7.4
kg/cm?2 at the 4 and 6 pt. Ethrel/ac, respectively, while the mean pressure in the
control was 11.8 kg/em2. Two week after application, mean rattail fruit pressure
was 6.4 and 5.4 kg/cm? at the 4 and 6 pt. Ethrel/ac, respectively, while the mean
pressure in the control was 14.4 kg/em2. A corresponding pattern was also
observed with fruit color. One week after application, mean green fruit color was
3.0 and 3.7 at the 4 and 6 pt. Ethrel/ac, respectively, while the mean color in the
control was 2.6. Two weeks after application, mean rattail fruit color was 4.0 and
4.4 at the 4 and 6 pt. Ethrel/ac, respectively, while the mean color in the control
was 2.4, Past research has shown that if pears reach a fruit color of 3 (DD color) or
greater and fruit pressure of 10 kg/cm? or less then the pears cannot support the
complete larval development of CM. Since mature green fruit pressure reached
these parameters by one week after application and rattail fruit reached these
parameters by two weeks after application, few larvae should be able to complete
their larval development within two weeks after application.

The percent of mature green or rattail fruit producing a CM larva was
significantly reduced on the day of application with both 4 and 6 pt. Ethrel/ac
(Tables 1 and 2). On the day of application, mean percent mature green fruit
producing a larvae was 0.0% and 2.5% at the 4 and 6 pt. Ethrel/ac, respectively,
while the mean percent in the control was 15.0%. The mean percent rattail fruit
producing a larvae was 2.5% at both the 4 and 6 pt. Ethrel/ac, respectively, while
the mean percent in the control was 35.0%. The total percent of mature green
fruit produced a larva was 1.3 % and 2.5% when treated with 6 and 4 pt. Ethrel/ac,
respectively, while 11.3% of the fruit produced a larva in the control. And total
percent rattail fruit produced a larva was 3.8 % and 1.3% when treated with 6 and
4 pt. Ethrel/ac, respectively, while 27.5% of the fruit produced a larva in the
control. The low number of mature green fruit producing a larva in the control
was the result of the late application date (14 August) of ethephon. The untreated
control fruit were rapidly ripening and dropping from the trees in late August. If
we had applied Ethephon in the first week of August, we would have had much
higher larval survival in the control. The low number of mature green fruit
producing a larva at the day of application would indicate that ethephon will
prevent complete larval development of previously infested fruit. This was also
observed when we caged naturally infested mature green fruit that had been
infested two or more weeks prior to the ethephon application but was not observed
with rattail fruit (Table 3). It appears that the rapid ripening action of the
ethephon on mature fruit was effective in preventing complete larval
development. However, in rattail fruit that are less mature than green fruit, the
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ethephon cannot act fast enough to prevent complete larval development of fruit
infested before the ethephon application.

Conclusions: This was the first study that demonstrated that Ethrel applied at 4
and 6 pt/ac with a growers air-blast speed sprayer delivering 100 gal. per acre
could significantly reduce the number of overwintering CM larvae through
increased fruit drop and fruit maturity. In previous studies, we applied Ethrel
with a handgun delivering 200 to 300 gal/ac to individual trees and it was
uncertain whether the results from these handgun trials would be indicative of
the results from a growers air-blast speed sprayer at the same ppm. Also in
previous studies it was not possible to infest fruit with CM larvae because of the
limited sample size (individual trees). These encouraging results will lead to
further investigations, particularly looking at earlier applications and the reach
back effect of ethephon.

Table 1. Mean Percent Mature Green Fruit Producing a CM Larva at Various
Application Rates of Ethephon when Infested with Two First Instar Larvae,
Courtland, CA - 1996.

Mean* Percent Fruit Producing a Larva

Treatment &/14 8/21 8/28 Total

6 pt Ethrel/ac 0.0a 00a 5.0a 1.3a
4 pt Ethrel/ac 2.5 ab 0.0a 5.0a 25a
Untreated Control 150b 50a 100a 11.3b

*Means followed by the same letter within a column were not significantly
different (Fisher's Protected LSD, P < 0.1). Data analyzed using an arcsin
transformation.

Table 2. Mean Percent Rattail Fruit Producing a CM Larva at Various
Application Rates of Ethephon when Infested with Two First Instar Larvae,
Courtland, CA - 1996.

Mean* Percent Fruit Producing a Larva

Treatment 814 8/21 8/28 Total

6 pt Ethrel/ac 25a 10.0 a 0.0a : 3.8a
4 pt Ethrel/ac 25a 00b 00a 1.3a
Untreated Control 35.0hb 300¢ 100b 275b

*Means followed by the same letter within a column were not significantly
different (Fisher's Protected LSD, P < 0.1). Data analyzed using an arecsin
transformation.

Table 3. Mean Percent Rattail and Mature Green Fruit Producing a CM larva at
Various Rates of Ethephon when Naturally Infested with CM Larvae, Courtland,
CA - 1996.

Mean Percent Fruit Producing a Larva

Treatment Mature green fruit Rattail fruit
6 pt Ethrel/ac 8.0 32.0
4 pt Ethrel/ac 8.0 400
Untreated Control 20.0 36.0
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4. Chemical Control/New Products

CONFIRM AS A CONTROL FOR APPLE PESTS

Y. E. Brunner, M. J. Doerr and L. J. Gut
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801

For the second year, Confirm provided suppression of codling moth and leafrollers similar to the
conventional insecticide program. Spring applications of Confirm targeted at leafrollers seemed to
provide adequate control of this pest when accompanied by summer sprays applied to control
codling moth, some of which would also provide suppression of summer generation leafroller
larvae. Four sprays of Confirm timed to coincide with conventional control applications allowed
for some fruit injury at harvest, but considering the pressure from untreated plots control was very
good (Table 1).

Arthropods other than codling moth and leafroller were not very different in abundance between

the three treatments. There were no pest species that stood out as being more of a problem in any |
particular treatment. There was a tendency for the conventional insecticide program to have less
biodiversity early in the season as measured by traps or beating tray samples, but this did not
translate into a more unstable biological system. Lorsban in the delayed-dormant spray in the
conventional program is probably the chemical having the greatest effect on biodiversity. It may be
at sites that are more challenged by pests such as aphids that this simplification of the predator
complex early in the season could have an effect on the biological control of aphids later in the
summer.

The Confirm program seems very compatible with biological control agents for a number of pest
species. The abundances and kinds of natural enemies of aphids, mites, leafminer, leafroller and
leafhopper were similar in the Confirm and untreated plots throughout the year. Confirm provided
control of key pests while allowing the greatest possible expression of natural controls for other
pests. Confirm is a “soft” pesticide that fits very well into a pheromone-based pest management
system for Washington State. This was demonstrated by the fit Confirm had in the SARE project
in 1996. In apple orchards where no neuroactive insecticides could be used and where mating
disruption had not provided adequate codling moth control in 1995, Confirm proved to be an
excellent “soft” chemical control supplement to pheromones. Confirm also provided control of
leafrollers in the SARE sites where in 1995 this pest had been as great if not a greater threat to crop
loss than codling moth. ‘

Table 1. Fruit injury following the first codling moth generation and at harvest, 1996.

1st Generation Avg % injury

10-Jul Codling moth

Treatment Entries Stings Total CM Leafroller Thrips  Campy. Lygus
Confirm 0.2a 0.3a 0.4a 0.1a 3.5a 02a 0.3a
Conventional 0.1a 0.1a 0.1a 0.0a 5.2a 0.0a 0.1a
Untreated 22.8b 0.1a 22.8b 3.3a 33a 0.5a 0.5a
Harvest Avg % injury

18-Sep Codling moth Aphid Avg %
Treatment Entries Stings Total CM Leafroller Lygus stemmold SJS clean
Confirm 1.1a 0.4a 1.5a 1.0a 0.4a 0.3a 0.0a 96.7b
Conventional 0.1a 0.2a 0.3a 0.1a 0.1a 0.0a 0.0a 99 .5b
Untreated 57.4b 1.2b 58.6b 13.2b 0.7a 0.0a 0.4a 33.2a

Means in the same column followed by the same letter not significantly different (p=0.05, Fisher's Protected LSD).
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4. Chemical Control/New Products

EFFECT OF OIL ON THE BEHAVIOR AND SURVIVAL OF LEAFROLLERS

J. F. Brunner, E. H. Beers, J. Dunley and M. J. Doerr
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801

Three highly refined horticultural spray oils (Orchex 692, Orchex 796 and Orchex 892, Exxon
Company, USA) were evaluated for their effect on leafroller colonization of apple. Three
bioassays were designed to provide “Choice Tests” for adult oviposition and larval colonization.

Test #1: The test was conducted on 1-yr-old apple seedlings planted in 2 gal pots. Orchex 796
was applied at a 1.5% v:v rate to eight trees on 19 Sep. Eight trees were left untreated. The
treatment was applied with a handgun sprayer at 300 psi to the point of drip, simulating a dilute
spray of approximately 400 gal/acre. Two oil treated and two untreated trees were placed in a 4 ft
x 4 1t x 4 ft PVC cage covered by screen material. Four replicates (cages) were set up and treated
as separate blocks for analysis. Twenty-five PLR males and females were placed in each of four
cages. The PLR females were given a 10-d oviposition period, after which the number of egg
masses on each tree was recorded. The egg masses were allowed to hatch, and the number of
larvae colonizing each tree was recorded. The number of larvae originating on a tree was
calculated by measuring egg mass size. The percentage of larvae colonizing each tree was then
calculated.

PLR females laid nearly twice as many egg masses on untreated trees; however, the difference was
not statistically significant. The number of F1 larvae colonizing the untreated trees was
significantly higher than the oil treated trees, reflecting the greater number of egg masses present.
Since the difference in larvae per tree was similar to the difference in egg masses per tree, it
appears the oil treatment had no effect on larval colonization. The data on percent larval
colonization per tree support this conclusion.

Avg no./tree Avg % larval
Treatment Rate (v:v) Egg masses Fl1-Larval colonization
Orchex 796 1.5% 6.8a 126.1a - 17.9a
Untreated none 12.0a 248.8b 16.0a

Means in the same column followed by the same letter not significantly different (p=0.05, paired t-test). Actual
significance level for “egg masses” column: p=0.09.

Test #2: The test was conducted on 1-yr-old apple seedlings planted in 2 gal pots. Orchex 796
was applied at a 1.5% v:v rate to eight trees on 19 Sep; eight trees were left untreated. The trees
were moved to a protected area outdoors, and two oil treated and two untreated trees were placed
adjacent to one another and left uncaged. PLR egg masses were allowed to hatch in individual
petri dishes, and then larvae were transferred to a tree. The neonate larvae were allowed to
establish on the trees, then the number per tree was counted. The number of neonate larvae
released per tree was estimated by measuring egg mass size.

The number of PLR larvae and larval feeding sites per tree on the untreated trees was 3-4 times
higher than on the oil treated trees. The difference in feeding sites per tree was statistically
significant, but the difference in larvae per tree was not. There was no difference in the average
percent larval colonization. This test suggests that while there may not be an effect of an oil on
larval colonization there may be an effect on feeding behavior.
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Avg no./tree Avg % larval

Treatment Rate (viv) Feeding sites Larvae colonization
Orchex 796 1.5% 6.4a 1.6a i.1a
Untreated none 28.6b 4.4a l.1a

Means in the same column followed by the same letter not significantly different (p=0.05, Fisher's Protected LSD).

Test #3: This was a direct choice test using a leaf-disk bioassay method. Potted apple seedlings
were sprayed with Orchex 692, Orchex 796 and Orchex 892 at a 1.0% v:v and 2.0% v:vrate. The
treatments were applied on 22 Oct with a 1.5 gal hand-held pump sprayer to the point of drip. Ten
leaves were collected from each oil treated tree and an untreated control tree at 1 d post-treatment.
One punch (2.3 ¢cm diameter) was taken from each leaf. Two punches, one from an oil treated tree
and one from an untreated control tree, were placed in a petri dish. The untreated leaf punch was
marked with a pen to distinguish treatments. Care was taken that leaf punches did not overlap.
Three 1- to 2-d-old leafroller larvae were placed on the leaf disks. Twenty petri dishes were
prepared per treatment. Petri dishes were examined after 3 d, and the number of larvae on each
leaf punch was recorded.

There was no significant oil treatment or concentration based effect noted in larval preference
between oil treated and untreated leaf-disks. Approximately 60% of the PLR larvae were found on
the oil treated leaf-disks, whereas the OBLR choice test was closer to 5(:50. This test confirmed
that there appears to be no effect of oil on leafroller larval colonization of foliage.

Avg % larvae colonizing oii

Treatment Rate (v:v) PLR OBLR
Orchex 796 1.0% 65.8a 47.5a
Orchex 796 2.0% 58.3a 52.5a
Orchex 692 1.0% 51.7a 45.0a
Orchex 692 2.0% 65.8a 59.2a
Orchex 892 1.0% 60.8a 55.8a
Orchex 892 2.0% 65.0a 47.5a

Means in the same column followed by the same letter not significantly
different (p=0.03, Fisher’s Protected LSD). :

68




4. Chemical Control/Ngw Products
CONTROL OF LEAFROLLERS USING SPINOSAD

J. E. Brunner and M. I. Doerr
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801

Spinosad treatments controlled OBLR larvae at least as well as the industry standard, Lorsban 4E,
in spring trials. Control was equal, applied as either dilute or concentrate (4x) sprays, and petal fall
treatments provided better control than pink (Table 1). In summer trials, Spinosad did not provide
the level of control expected. There was again no difference between dilute or concentrate
applications; however, two applications provided better control than one.

Table 1. Spring control of OBLR larvae

Live OBLR larvae per
10 buds 60 s

Treatment Rate/100 Concentration Timing 26 Mar 6 May 20 May
Spinosad 4 SC 78.8 ml Conc. (4X) Pink 1.0a 2.0a 4. 7abc
Spinosad 4 SC 78.8 ml Conc. (4X) Petal Fall 2.7a 11.7b 1.7ab
Spinosad 4 SC 157.2 ml Conc. (4X) Pink 3.0a 2.3a 5.5bc
Spinosad 4 SC 1572 ml Conc. (4X) Petal Fall 3.3a 14.8b 0.7a
Lorsban 4 E 16fl oz Dilute (1X) HIG 3.7a 8.7ab 7.3¢
Untreated --- None None 2.0a 13.7b 11.8d

Means in the same column followed by the same letter not significantly different (p=0.05, Fisher’s Protected LSD).

Spinosad has a high level of activity against PLR and OBLR larvae. A dose-mortality study
provided LC,, estimates of 0.1 ppm for both leafroller species and an LC,, of about 0.4 to 0.5
ppm (Table 2). Tests to examine the field-aged residue life of Spinosad showed that the product
was active against neonate OBLR larvae for up to 28 days and that more highly concentrated spray
applications had a longer residual activity. .

Table 2. Dose-mortality results for Spinosad against leafroller larvae.
Concentration (ppm)

Treatment LCsq (limits) LCyg (limits) Slope

PLR 7 DAT 0.11a 0.52a 1.93a
(0.02-0.22) (0.27-1.43)

OBLR 7DAT 0.13a 0.45a 2.43a
(0.08-0.19) {0.32-.72)

Means in the same column followed by the same letter not significantly different; for ‘LC,y" and ‘LCyy" p=0.05,
Lethal Ratio Significance Test, Robertson and Priesler, 1991; for ‘slope,’ p=0.05, Probit analysis by POLO-PC.
Significance index (g): PLR - 0.35, OBLR - 0.11; Confidence interval (CI);: PLR=0.90, OBLR=0.95. CI limits not
shown if ‘g’ index exceeded 0.50.
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4. New Products
EFFICACY OF IGR INSECTICIDES FOR CONTROL OF SAN JOSE SCALE

R.E.Rice and R. A. Jones
University of California
Kearney Agricultural Center
Parlier, CA 93648

In addition to the evaluations of dilute and concentrate dormant spray applications for scale
control, two new unregistered insect growth regulators (IGRs) were evaluated for efficacy on San
Jose scale in nectarines and plums.

The IGR insecticide Applaud (buprofezin; AgrEvo USA) was evaluated in a trial similar to the
organophosphate insecticide spray trial . Buprofezin 70 WP was applied to Fantasia nectarines at
1.0 Ib and 1.5 Ib a.i./acre in 400 gallons of spray using an Air-O-Fan GB-34, 500 gallon sprayer.
Both buprofezin treatments were compared to an untreated check in a five replication
randomized complete block design; they were applied on April 22, 1996 at the beginning of
emergence of the first crawler generation. Evaluation of infested fruit at harvest (July 10, 1996)
showed infested fruit levels in both buprofezin treatments to be significantly better than the
untreated check (Table 1).

Table 1. Efficacy of buprofezin (Applaud®) for control of San Jose scale on Fantasia nectarines.
Kearney Agricultural Center, Parlier, Calif.

Average Number Crawlers/Tape

Treatment % Infested Fruit 1st Generation 2nd Generation
Check 323 a 244 a 40.6 a
Applaud 1.0 1b. a.i.’ 164 b 80.0 a 50 b
Applaud 1.5 1b. a.i. 121 b 64.4 a 94 b

' Applied April 22, 1996 at 400 gpa.

2 1,000 fruit per treatment, harvested July 10, 1996. Values in columns followed by the same letter are not
significantly different at P = 0.05, Fishers Protected LSD.

In addition to the infested fruit data, crawler populations in the buprofezin and untreated check
treatments were evaluated using the sticky tape traps as described for the dormant diazinon
treatments. Counts of San Jose scale crawlers on sticky tapes in both buprofezin treatments were
higher than the check in the first (treated) generation, but were significantly reduced compared to
the untreated check in the second SIS generation (first generation post treatment). This
illustrates the delayed effect of IGRs compared to conventional insecticides that have been used
in the past. In this trial, the treated population (first generation) continued to emerge and was




trapped on tapes or settled on fruit in May. As a result of the treatment, however, a high
proportion of the first generation failed to mature to adults, resulting in a greatly reduced second
generation.

The results of both the fruit infestation data and sticky tape crawler counts showed that
buprofezin provided good control of San Jose scale in the generation following treatment, and
indicate that the IGR insecticides may be strong candidates for replacement of organophosphate
insecticides in scale control programs.

A second field trial with another new IGR, “Arbor” (CGA 59205; Ciba-Geigy Corporation) was
applied at 1.05 oz a.i./acre by hand gun in a randomized complete block trial to Friar plums on
February 1, 1996 as a dormant spray with oil and on April 22, 1996 to the first generation of
scale crawlers. A standard treatment of diazinon 50 W at 2 Ib a.i. and 6 gallons of Volck oil per
acre was included in this trial for comparison to the Arbor treatments and an untreated check. On
July 23 harvest samples comprised of 100 fruit per replication (700 fruit per treatment) were
examined for presence of San Jose scale. The results of the fruit evaluation (Table 2) showed
that both treatments with Arbor and the diazinon and oil treatment had significantly lowered the
population of San Jose scale compared to the untreated check. Collections of scale crawlers on
sticky tapes in this trial also showed significant reductions of scale crawlers in each of the first
two generations of the Arbor + oil and diazinon + oil (both dormant treatments) compared to the
untreated check (Table 2). The post-bloom Arbor treatment without oil had high numbers of
crawlers and was not significantly different from the untreated check. In the second generation,
however, crawler populations in this Arbor treatment were significantly lower than the check,
similar to the effect observed in the other IGR (Applaud) trial.

Table 2. Efficacy of CGA 59205 (Arbor®) for control of San Jose scale in Friar plums. Kearney
Agricultural Center, Parlier, Calif.

Average Number Crawlers/Tape

Treatment % Infested Fruit® 1st Generation 2nd Generation
Check 39.0 a 4503 a 3274 a
Diazinon’ 101 b 280 b 241 b
Arbor, dormant 97 b 40 b 100 b
Arbor, April 180 b 4313 a 1147 b
! Hand gun sprays at 400 gpa.

2

700 fruit per treatment, harvested July 23, 1996. Values in columns followed by the same letter are not
significantly different at P = 0.05, Fishers Protected LSD.




4. Chemical Control

DILUTE VS. CONCENTRATE SPRAY APPLICATIONS
FOR CONTROL OF SAN JOSE SCALE

R. E. Rice and R. A. Jones
University of California
Kearney Agricultural Center
Parlier, CA 93648

A mature orchard of Fantasia nectarines at the Kearney Agricultural Center was used for a dilute
dormant spray at 400 gal/acre compared to a concentrate dormant spray application at 100
gal/acre for control of San Jose scale. This orchard (approximately 20 years old) had been
treated with a dormant spray program using oil and Kocide at 100 gal/acre for at least the
previous three years; organophosphate insecticides were not included. During this time,
increasing levels of San Jose scale had been observed on harvested fruit. Consequently, the
orchard had a relatively high resident population of scale throughout the orchard. In both the
dilute and concenirate spray treatments, diazinon 50 wettable at 2 Ib a.i./acre was applied in
combination with Volck Supreme oil at 6 gal/acre and Kocide at 2.5 Ib/acre using an Air-O-Fan
GB-35 sprayer. Both spray treatments were applied on January 29, 1996 in a randomized
complete block design of five replications per treatment, nine trees (3 x 3) per replicate. The two
spray treatments were compared to an untreated check in the same orchard. Fruit was harvested
on July 10, 1996 by randomly selecting 200 fruit per replication (1,000 fruit per treatment) for
direct examination of scale infestation. In these treatments, the presence of a single scale on a
fruit resulted in that fruit being scored as infested. No attempt was made to count the total
number of scales present on each piece of fruit.

The fruit infested by scale at harvest are shown in Table 1, 4and indicate that there were no
statistically significant differences between the untreated check and the two treatments with
diazinon and oil applied on January 29. It was surprising in fact to see that both of the
insecticide treatments were actually slightly higher in scale infestation levels than the untreated
check. The results of this field trial confirm the conclusions reached with the laboratory studies
on San Jose scale resistance: field populations of scale have developed high levels of resistance
to organophosphate insecticides.

Along with the infested fruit data from this trial, crawler populations of scale were monitored in
each treatment by placing two sticky-tape crawler traps on the upper scaffold limbs in the center
tree of each replicate. Two counts of the tapes at weekly intervals were made at the peak of the
first, and again at the second, generation of scale crawlers in May and July. The crawler
populations observed in the three treatments using sticky tapes are shown in Table 1 and indicate
that there were no significant differences in crawler populations between the untreated check and
the dilute diazinon treatment while the concentrate diazinon treatment had a much higher
population of crawlers in both generations. Although the amount of infested fruit at harvest in



the concentrate treatment was only slightly higher than the dilute application and check, the data
from the tapes in the concentrate treatment tend to support the hypothesis that concentrate spray
applications in old mature frees often may not produce the level of scale population reduction
observed with dilute applications of the same insecticide.

Table 1. Efficacy of dormant dilute and concentrate sprays of diazinon and oil for control of San
Jose scale on Fantasia nectarines. January 29, 1996; Kearney Agricultural Center,

Parlier. -
Average Number Crawlers/Tape
Treatment % Infested Fruit® 1st Generation 2nd Generation "
Check 323 a 244 a 406 a
Diazinon' 400 gpa 37.0 a 32.6 a 422 a
Diazinon' 100 gpa 373 a 1444 b 1492 b

1 2.01ba.i. diazinon and 6.0 gal Volck oil per acre.

2 Tuly 10, 1996; 1,000 fruit per treatment. Values in columns followed by the same letter are not significantly

different at P = 0.05, Fishers Protected LSD.




1. Chemical Controi/New Pesticides

V-71639 AND SUPRACIDE FOR CONTROL OF SAN JOSE SCALE ON APPLES

D. F. Mayer and J1.D. Lunden
WSU, IAREC, 24106 N Bunn Rd
Prosser, WA 99350

This study was designed to evaluate the effects of applying V-71639 0.86EC (Valent) and
Supracide 2EC (CibaGeigy) for control of San Jose scale (Quadraspidiotus pernicicosus) (SIS)
when applied to apples (Malus domestica).

Evaluations were made using double-sided Scotch tape (2 inches long and one inch wide). Four
sticky tapes were put on each of 4 limbs (2.5 to 3 inches in diameter) on 3 different trees in each
plot (12 replications per plot). The tapes were taken to the laboratory and the number of San Jose
crawlers on the tape edges were recorded on 24 and 28 June and 1 July. New tapes were put up on
24 and 28 June. On 14 August the number of San Jose scale was recorded on 10 apples from each
plot.

Conclusion:

V-71639 applied at delayed dormant gave good control of San Jose Scale crawlers. V-71639
applied at delayed dormant and adult flight gave good control of San Jose Scale crawlers. V-71639
applied at delayed dormant and crawler emergence gave good control of San Jose Scale crawlers.
V-71639 applied at crawler emergence gave good control of San Jose Scale crawlers. Supracide
applied at delayed dormant gave good control of San Jose Scale crawlers.

The single application of V-71639 at delayed dormant gave as good control as two applications.

The percent control with a single application at crawler emergence was not as good as with the
other treatments.
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Table 1. Effect of insecticide treatments applied to apple trees on San Jose Scale (SJS) crawlers

found on sticky tapes. Benton City, WA. 1996.

Number SJS Crawlers on Different Dates

Treatment Timin Rate/acre 24 Jun 28 Jun 1 Jul
V-71639 0.86EC Delayed dormant 40 gm (AI) 2a 3a 0.7a
V-71639 0.86EC Delayed dormant 40 gm (AI) 4a 2a 4a
+ adult flight
- V-71639 0.86EC Delayed dormant 40 gm (AI) 0a 3a 0.3a
+ crawler emergence
V-71639 0.86EC Crawler emergence 40 gm (AD) 10a 40a 7a
Supracide 2EC Delayed dormant 21b (AD) 2a 4a 3a
Untreated check - 118b 200b 42b

Means within a colurnn followed by the same letier are not significantly different at the P = 0.05 level, Newman-Keuls studentized
range test.

Table 2. Effect of insecticide treatments applied to apple trees on San Jose Scale (SJS) crawlers
found on sticky tapes. Benton City, WA. 1996.
Percent Control of SIS Crawlers on Different Dates

Treatment Timin Rate/acre 24 Jun 28 Jun 1 Jul
V-71639 0.86EC Delayed dormant 40 gm (AD) 94 98 98
V-71639 0.86EC Delayed dormant 40 gm (AI) 98 98 S0

+ adult flight ‘
V-71639 0.86EC Delayed dormant 40 gm (AI) 100 99 99

+ crawler emergence
V-71639 0.86EC Crawler emergence 40 gm (AD) 89 80 84
Supracide 2EC Delayed dormant 21b(AD 98 97 94
Table 3. Effect of insecticide treatments applied to apple trees on San Jose Scale (SJS) crawlers

found on sticky tapes. Benton City, WA. 1996.

Treatment Timin Rate/acre Mean No. Scale/Apple
V-71639 0.86EC Delayed dormant 40 gm (AD) 0
V-71639 0.86EC Delayed dormant 40 gm (Al 0

+ adult flight
V-71639 0.86EC Delayed dormant 40 gm (AT} 0.2

+ crawler emergence
V-71639 0.86EC Crawler emergence 40 gm (AI) 0
Supracide 2EC Delayed dormant 2 Ib (AD 0.2
Untreated check - 8.6
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4. Chemical Control/New Products

INFLUENCE OF FUNGICIDES AND POWDERY MILDEW ON SPIDER MITE
POPULATIONS

Sherman Thomson, Diane Alston & Michael Reding (presenter)
Utah State University
Extension
Department of Biology
Logan, Utah 84322-5305

Objectives

Sulfur is commonly used for mildew control on tart cherries in Utah. Growers prefer
sulfur for mildew control on tart cherries because it is relatively low cost and profit from tart
cherries is inconsistent. However, sulfur use has been associated with outbreaks of
phytophagous mites (Pickett 1949). The emphases of this study were to determine the effects of
fungicide choice (Rally vs sulfur) on powdery mildew contro} and on phytophagous and
predaceous mite populations in a commercial tart cherry orchard. In addition, the relationship
between the occurrence of powdery mildew and mites on tart cherry was evaluated.

Results

Fungicide Effects on Mite Populations. The spider mite population was a mixture of
Tetranychus urticae and T. mcdanieli. The predominant predaceous mite was Typhlodromus
occidentalis. The variation in mite densities among replications of the sulfur treatment were very
large. Therefore, although the difference in mean numbers of mites appears numerically
significant, analysis of variance showed no statistical differences in mite densities beteween
fungicides on either date (Table 1). No predaceous mites were found on sulfur treated leaves
whereas low densities were found on Rally treated leaves (Table 1).

Table 1. Mean numbers of phytophagous spider mites (SM) and predaceous mites (Typh) per 40
leaves in Rally and sulfur treated tart cherry trees. All life stages of mites observed (eggs,
immatures, and adults) are presented as combined totals

Fungicide 9 July 23 July
treatment SM Typh SM Typh
Rally 03a 25a 523a 53a
Sulfur 108.8a Oa 787.5 a 0a

Means within a column followed by the same letter are not statistically different (P = 0.05). Mite
counts were log transformed (log(x+1)) before analysis.

Powdery Mildew Effects on Mite Populations. The incidence of mites on leaves was influenced
by the presence of mildew in the 6 August samples. More spider mites were found on leaves
with mildew than without (Table 2). In addition, a greater percentage of leaves with mildew
were infested with both spider and predaceous mites than leaves without mildew (Table 2).
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Table 2. Mean numbers of mites and percentage of mite-infested leaves with and without
powdery mildew in Rally treated tart cherry trees. All life stages observed (eggs, immatures, and
adults) are presented as combined totals

6 August 27 August
Treatment mites/leaf % leaves infested mites/leaf Yoleaves infested
Spider Typh Spider  Typh Spider Typh  Spider Typh

Mildew 24a 07a 450a 41.3a 05a 03a 83a 25.0a
Nomildew 0.1b 04a 100b 2630 0la 04a 50a 26.7 a

Means within a column followed by the same letter are not statistically different (P = 0.05).
Percentage data was transformed (arcsin (sqrt(x))) before analysis.

Powdery Mildew Control. Rally provided significantly better control of foliar mildew than
sulfur. Leaves were rated for degree of mildew infestation where 1-healthy, 2-a few lesions
barely visible, 3-obvious mildew on several leaves, and 4-mildew on most leaves with twisting
and distortion of leaves. The mean mildew ratings were 1.56 for Rally treated leaves and 2.72
for sulfur treated leaves. This was significantly different at the 5% level.

Conclusions

Rally provides much better control of foliar mildew than sulfur and probably also reduces the
possibility of spider mite damage during a growing season where environmental conditions are
conducive to mite build-up. Substantially more spider mites were found on sulfur-treated than
Rally treated leaves. Predaceous mites were present on Rally treated trees but not detected on the
sulfur treated trees. This suggests that natural control of phytophagous mites by predaceous
mites will be hindered or prevented by sulfur applications.

There is also an apparent interaction between the presence of milldew on leaves and the
populations of mites. The mildew seems to provide a better habitat or a preferred site for both
phytophagous and predaceous mites.

Reference Cited
Pickett A. D. 1949. A critique on insect chemical control methods. Can. Entomol. 81: 67-76.
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4. Chemical Control/New Products

TWOSPOTTED SPIDER MITE: CHEMICAL EVALUATIONS

Richard Hilton, Philip VanBuskirk, and Peter Westigard
OSU Southern Oregon Research & Extension Center
Medford OR 97502

Trials to assess the acaricidal activity of a number of materials were conducted in
southern Oregon during the mid to late season in 1996. BAS 300 13, pyridaben (trade
name Pyromite), was tested at two rates along with Agrimek in a replicated speed
sprayer trial. Two rates of CM 006, milbemectin, were also evaluated in a speed
sprayer trial. A replicated handgun trial compared Trilogy, bifenthrin (Brigade),
Savey, and a combination of Brigade and Savey. The July temperatures in Medford
were very high, the monthly average temperature was the highest on record and
twospotted spider mite (TSM) populations responded accordingly.

In the pyridaben trial, which was applied on 15 July to Bartletts, there was some
evidence of a rate effect. At six weeks post-treatment the TSM level in the high rate of
pyridaben was 2.2 motiles per leaf, the low rate was 5.8 motiles per leaf, and Agrimek
was 6.4 motiles per leaf. There was considerable plot variability and few significant
differences among treatments were evident.

The trial with milbemectin was not replicated and two standards were used, Agrimek
and a combination of Mitac (for control of pear psylla) and Savey. Treatments were
applied on 21 June in a mixed cultivar block and leaf samples were taken from Anjou
trees. At thirty days post-treatment, all the materials were providing good control of
TSM with no motiles recorded in the high rate of milbemectin. At forty days after
treatment the TSM level in the check was over 15 motiles per leaf, both rates of
milbemectin were just under 5 motiles per leaf, while the combination of Mitac and
Savey had the lowest level observed, 1.5 per leaf.

In the replicated handgun trial, applied on 23 July to Bosc pear trees, the bifenthrin,
treatments gave immediate control of motiles. However, where bifenthrin was applied
by itself TSM levels had risen to over 8 per leaf at five weeks post-treatment, while at
the same time where bifenthrin was applied in combination with Savey, or Savey was
used by itself the TSM levels averaged 3.3 and 2.7 motiles per leaf, respectively.
Trilogy, a neem oil compound, reduced TSM levels to some degree. The TSM level in
the low rate of Trilogy was significantly lower than the check at one week post-
treatment, but the level of TSM reduction seen in the Trilogy plots relative to the check
was generally less than 50%.
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4. Chemical Control

EFFICACY AND RESIDUE ANALYSIS OF PYRETHROID
INSECTICIDES ON PEST AND BENEFICIAL SPECIES

Carolyn Pickel. Frank Zalom, Mike Stimman, and Rick Buchner
University of California Cooperative Extension
142-A Garden Highway
Yuba City, CA 95991

Although the role of pyrethroids in mite and other pest outbreaks has been documented, it
is important to revisit them in relation to California orchards as their use increases. Some
growers are choosing to use pyrethroids in the dormant season as an alternative to the
organo-phosphate insecticides for control of peach twig borer, aphids, and scale insects.
Other growers are understandably applying pyrethroids in-season for other insect pests
instead of more costly treatments. They are known to be effective as dormant sprays, but
it 1s not known if they can be used without causing other problems at that time. Field and
laboratory trials carefully testing these materials have been conducted to establish
guidelines for its possible use in pest management programs.

Field trials carefully testing these materials were conducted in single tree plots in prunes
and almonds and large orchard plots in prunes for the second year in 1996, Treatments in
the single tree plots were applied by hand gun to single trees in eight replicated complete

~ blocks. Treatments in the single tree prune plots consisted of 96 dormant season

esfenvalerate (Asana), dormant diazinon, and dormant Asana and diazinon over the 95
treatments, untreated control treatments, and in-season Asana treatments. The plots in
almonds repeated the Asana treatments with permithrin. The additional 96 esfenvalerate
and permethrin treatments were added to find effects of repeated pyrethroid applications.

Treatments in the large prune plots, 8 X 8 trees with 3 replicates, were applied by an
orchard sprayer. Treatments consisted of Dormant oil as the untreated control, Dormant
oil plus Asana, Dormant oil plus Diazinon, and two Bacillus thuringiensis (Bt) with 2
gals/acre sprays during bloom, and Dormant oil Diazinon plus in-season Asana. Monthly
mite samples from each tree in the single tree plots and 6 center trees in the large plots
were collected and using a mite brushing machine to evaluate for European red mites, two
spotted mites, and predator mites. Mite populations were monitored in both the single
tree plots and the large plots in May, June, July, and August.

Branches were cut from trees in the esfenvalerate, permethrin and control treatments in
the single tree plots periodically during the season, and residue analysis performed on the
samples. The extraction and analysis process involves about 20 separate steps. Results of
the residue extractions have shown that almost all of the insecticides is in the bark and
very little or none is in the woody portion. A laboratory experiment was conducted on a
subsample of the branches to determine effect of residues remaining on prune twigs on the
western orchard predator mites. Twigs were collected from almond and prune trees
several days after the dormant spray application. Predator mites were placed on 2 cm
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ctrcular pieces on the twigs collected and evaluated for mortality and egg-laying after 48
hours.

Results from the almond plot indicated that residues of both esfenvalerate (0.047 ng/mm°)
and permethrin (cis- = 1.153 ng/mm’; trans- = 0.012 ng/mm?) had persisted the entire year
since the previous dormant season application, and that there remained biological activity
on predators during this time. Residues remaining from the one year old dormant spray
and a hullspiit spray applied to the same trees was not significantly different from that
remaining from the one year old dormant spray alone. By comparison, residue analysis of
small branches collected less than 1 day following application yielded higher residues of
esfenvalerate (0.265 ng/mm’) and permethrin (cis- = 1.693 ng/mm’; trans- = 1.603
ng/mm®). In 2 independent bioassays of the small almond twigs collected from these
treatments, all esfenvalerate and permethrin treatments resulted in significantly higher
predator mite mortality than was observed on the untreated control twigs. The diazinon
application resulted in some mortality of predator mites (~15%), but this was not as great
as that observed for the various esfenvalerate and permethrin treatments that varied from
24% to 38% for esfenvalerate and from 19% to 42% for permethrin, Similarly the number
of eggs per treatment replicate were also significantly affected relative to the untreated
control, and somewhat more by the esfenvalerate treatments than by the permethrin
treatments. This effect was also seen in the lab bioassays conducted on prune twigs where
one dormant application of Asana reduced predators by 40%, a 95 in-season Asana
application by 24%, and 95 dormant Asana plus a 95 in-season Asana by 14%, and the
three Asana applications reduced predators by 35%. Not only does the Asana reduce
predators but they lay fewer eggs. The three Asana applications treatment had
significantly less egg laying than all the other treatments.

In these associated laboratory trails, we were able to develop a relationship of field rate of
both esfenvalerate and permethrin to bark residues, and to relate this to predator mite
mortality and oviposition. In this way we are now able to accurately predict the biological
effect of a given level of bark residue. We were also able to determine the effect of
permethrin leaf resides on predator mite mortality and oviposition. In this study we found
significantly increased mortality (54%) and decreased oviposttion (86%) at the 0.125 label
rate. v

These results indicate that the pyrethroid insecticides esfenvalerate and permethrin can
have long term negative residual effects on predaceous mites on bark where they
overwinter and disperse within tree, and short term negative effects from residues on
leaves. Growers using pyrethroids with repeated applications will have to watch for
increasing mite populations. As a result some PCAs are recommending lower rates of
pyrethroids.
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SPIDER FAUNA IN APPLE ECOSYSTEM OF WESTERN OREGON AND ITS
FIELD SUSCEPTIBILITY TO CHEMICAL AND MICROBIAL INSECTICIDES

Waheed Ibrahim Bajwa and M. T. AliNiazee, Oregon State University, Corvallis, Oregon 97331.

During 1990-1993, twelve families, thirty three genera and twenty nine identifiable spider
species were found in two apple orchards of western Oregon. The most common spider
species were: different Salticid (33.5%) Metaphidippus aeneolus (21.5%) and Eris marginata
(5.9%), Linyphiid (21.3%) Spirembolus mundus (14.3%) and Micryphantinae (5.6%),
Clubionid (13.4%) Cheiracanthium inclusum (13.4), Philodromid (9.4%) Philodromus
spectabilis (8.04%) and Theridiid (7.9%) Theridion lawrencei (4.5%). Individuals of these
species were collected in 50-60% of the samples. Bacterial insecticides Dipel and MVP (0.5-
1.5X rates), surnmer oil (0.5-1.0X), and diflubenzuron (0.25X-1.0X) were generally harmless
(0 - <25% mortality) to the spider species. Full rates of azinphosmethyl, phosmet, and carbaryl
were slightly to moderately harmful (25 - 75% mortality) to these predators. These
insecticides at reduced rates (0.1-0.2X), were selective. Full rates of esfenvalerate and
permethrin were harmful (>75 % mortality) and their reduced rates (0.1and 0.20/0.25X) were
selective to the spiders. Both pyrethroids at 0.1X applied 4 times/season alone or in
combination with bacterial insecticides acted moderately allowing spiders to survive/continue
their activities on the treated trees. Generally at this rate and frequency of application, field
toxicity of both pyrethroids to spiders was comparable to that of full field rates of
_organophosphate azinphosmethyl and phosmet and carbamate carbaryl.
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4. Chemical Control/New Products

FIELD EXPERIMENTS WITH HORTICULTURAL MINERAL OIL ON MITES AND
LEAFHOPPERS

E. H. Beers, J. Dunley, and J. Brunner
WSU Tree Fruit Research & Extension Center
1100 N. Western Ave.
Wenatchee, WA 98801

Mites: This experiment was conducted in a mature ‘Fuji’ orchard in Pateros, WA. A pre-treatment
count was used to randomize the treatments among trees with similar mite populations. Three
single tree replicates per treatment were used. Treatments were applied with a handgun sprayer to
the point of drip on 28 August, 1996. Mites were sampled by collecting 20 leaves/replicate. Data
were analyzed using analysis of variance on each count date and means were separated with the
Waller-Duncan £-ratio f-test.

The check population post-freatment was so low that it was not possible to draw any
conclusions about the materials” efficacy as miticides (Table 1). The extremely high 7. occidentalis
population, however, provided a good opportunity to asses contact toxicity toward this species. All
treatments left a significant populations of predators, which was not significantly different from the
untreated check. This indicates that all materials tested may be compatible with integrated mite
control.

Leafhoppers: The test was conducted in a mature apple orchard (several strains of ‘Delicious’) on
the grounds of the TFREC. Treatments were replicated 4 times, with each replicate consisting of a
single tree. The experimental design was a randomized complete block, using pre-treatment
leafhopper populations as the blocking factor. The experimental treatments were applied on 16 May
(PF and 75DD) and 3 June (1C) (1st generation) and 21 August (2nd generation), which coincided
with the first appearance of aduits of the second generation. Pesticides were applied with a handgun
sprayer to the point of drip. Leafhopper populations were sampled ca. weekly by counting in situ
all live nymphs on 20 leaves per tree, distributed throughout the tree canopy. Treatment variances
were examined for inequality using Levene’s (1960) test. If variances were heterogeneous, they
were transformed (In[3+0.5]). Data were analyzed using analysis of variance (GLM procedure; SAS
1988) and means were separated using the Waller-Duncan k-ratio -test.

Gen. 1: The single application at PF provided adequate suppression, although there was a
tendency for a second population peak about 2 weeks after treatment (Table 2). The single
application at 1C did not provide quite as good a level of knockdown as the PF treatments and
popuiations were lower in the PF treatments about 4 days after the timing of the 1C treatment (this
difference was significant for Orchex 692). The double application provided the lowest overall
populations during the first generation, although the difference in the population had disappeared by
4 days after 1C. Orchex 796 was not different from Orchex 692 on any date within treatment
groups.

Gen. 2: All three oils suppressed leafhoppers somewhat, but left substantial residual
populations. None were equivalent to the current standard, carbaryl (Table 3). There was no
difference in the performance of the three materials.
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Table 1. T. occidentalis populations, Pateros, WA, 1996.

Rate fm/acre T. occidentalis/leaf
Treatment or [conc.] 26-Aug 30-Ang
Oracle 60WP 0.8331b 207 a 0.45a
Agri-Mek 0.15EC 10 fl oz 325a 0.55a
Vendex 50W 1.51b 137a 135a
Orchex 692 [1% v/v] 187 a 0.53a -
Orchex 796 [1% v/v] 1.88 a : 1.58a <
Check --- 2.75a 0.73 a

Table 2. White apple leathopper populations, Gen. 1, TF 29 N, 1996.
White apple leafhopper nymphs/leaf

Rate/
Treatment acre Timing 9 May 24 May® 30 May" 7 Jun 12 Jun
Confirm 192 floz 1C 039a (.49 ab 0.48 abc 029 a 0.19a
Agri-Mek 0.15EC 10 fl oz PF 038a 0.29 abc 0.34 abcd 0.11 be 0.10a
CGA215944 S0OWP  0.661b 75DD  04l1a 0.31 abc 0.30bede  0.13 be 0.10a
Comply 25WP 8oz 75DD  04dla 0.56a 0.40 abc 0.21 ab 0.14 a
Orchex 796 1% PF 0.59a 0.15cd 0.06f 005¢ 0.13a
Orchex 692 1% PF 043 a 0.03d 0.23 cdef 0.03¢c 0.10a
Orchex 796 1% PF,1C 0.39a 0.06 cd 0.09 ef 0.05¢ .10 a
Orchex 692 1% PF,1C 04la 0.15cd 0.13 def 0.03¢c 0.05a
Orchex 796 1% 1C 0.55a 021bed  0.55ab 0.13 be 0.15a
Orchex 692 1% 1C 0.44 a 0.45 ab 0.63a 0.20 ab 0.09 a
Sevin XLR Plus 2pt PF 045a 0.00d 0.00 f 0.05¢ 0.04 a
Sevin XLR Plus 2pt 1C 0.53a (.28 abc 0.44 abe 001c 0.06 a
Check --- - 038a (.23 bed 0.55 ab 025a 0.14a

"Data transformed log(y+1) due to non-homogenity of variances (Levene’s test).

Table 3. White apple leafhopper, Gen. 2, TF-29N, 1996
white apple leathopper nymphs/leaf

Treatment Rate/acre 19-Aug 23-Aug 30-Aug

Confirm 2F 19.2 fl oz 264a 2.08a 1.81 ab

Agri-Mek 0.15EC 10fl oz 295a 1.49 bed 1.29b

CGA 215944 50WP 0.661b 2.84a 1.56 abe 1.74 b :
Comply 25WP 8oz 2.70a 2.00 ab 236a

Orchex 692 1% 2.89a 1.20cd 0.64 c -
Orchex 796 1% 2.79a 1.00d 0.39 cd ‘
Orchex 8§92 1% 2.86a 1.10cd 0.36cd

Sevin XLR Plus 2 pt 298a 0.05¢ 0.03d

Check - 2.81a 2.09a 1.54b
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4. Chemical Control/New Products

BIOASSAYS WITH HORTICULTURAL MINERAL OIL ON MITES AND LEAFHOPPERS

E. H. Beers, . Dunley, and J. Brunner
WSU Tree Fruit Research & Extension Center
1100 N. Western Ave.

Wenatchee, WA 98801

Mites: Disks cut from untreated apple leaves were floated bottom surface uppermost in a plastic
portion cup filled with cotton and distilled water. Twenty adult female Tetranychus urticae from a
greenhouse colony reared on pinto bean were loaded on each disk. Each treatment had 5 replicate
disks. All treatments were contact with Orchex 692 in 9 treatments in a 3 x 3 factorial arrangement
(3 oil concentrations x 3 volumes). The control was distilled water at each volume. Treatments
were applied in a Potter Spray Tower at 6.5 psi, and evaluated after 48 h. Mites were held in a
growth chamber at 22°C after treatment and before evaluation. Mites were evaluated by prodding
gently with a fine tipped artist’s brush, and classified on the basis of location and ability to effect
movement. Categories were alive (moved one or more body lengths); dead (unable to move at all);
moribund (produced movement upon stimulation, but could not move at least one body length); and
runoff (found in the surrounding cotton or water, i.e., not on the leaf disk). Runoffs were counted as
dead. Treatment percentage mortality data were corrected for check mortality using Abbott’s (1925)
formula. Data were analyzed using analysis of variance and Fisher’s LSD mean separation.

Within each ocil concentration, there was a clear effect of volume, with higher mortality
occurring at the higher volumes (Fig. 1). The higher volumes in effect delivered more Al to the
disk, and thus cannot be considered separately from total dosage.

Leafhoppers: Dormant apple seedlings were obtained from Lawyer Nursery, Plains, MT, and were
potted in 1-gal. plastic pots in a peat-vermiculite mixture. After trees had fully leafed out, they were
caged in a tube of 10 mil clear plastic ca. 67 cm tall attached to the rim of the pot with duct tape.
Organdy cloth was placed over the top of the tube and held in place with a rubber band. Adult
leathoppers were collected with aspirators from a heavily infested plot early in the morning of 17
July, during the peak flight of the 1st generation adults. The organdy tops were removed, and the
trees were sprayed with the a 4% solution of Orchex 796 while in the cages, and allowed to dry.
After drying, the trees were taken into a cold room (3°C), and 6-7 adult leafhoppers were released
into each cage, and the organdy top put in place. The adults were left in the cages for 5 days, and
then removed. On August 28 (37 days after removal) nymphs, skins, and damaged leaves were
counted (per tree basis). Data were tested for homogeneity of variance using Levene's (1960) test,
and transformed (log{y+0.5]) where indicated prior to analysis. Data were analyzed using analysis
of variance and Fisher’s LSD.

The oil application appeared to completely inhibit oviposition by adult leafhoppers during

the 5-day test period (Fig. 2). No nymphs, skins or other signs of leafhopper presence were found
on any of the sprayed trees.
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Figure 1. Effect of varying concentrations and volumes of Orchex 692 on mortality of 7' wrticae

bioassayed on apple disks (direct contact).

8.00

Leathoppers (nymphs+skins)
6.00

B Damaged leaves

No. per tree

0.00

Orchex 796 4%

Figure 2. Effect of a single application of 4% (v/v) Orchex 796 on oviposition and resulting
production of nymphs of white apple leafhopper assayed on potted apple seedlings.
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4. Chemical Control/New Products
B. New Products

SUCCESS* INSECT CONTROL:
A NEW MODE OF ACTION FOR ORCHARD INSECT PEST MANAGEMENT

Mike Shaw and Barat Bisabri
DowElanco
9330 Zionsville Rd.
* Indianapolis, IN 46268-1054

Spinosad, the active ingredient in Success insect control, has evolved from a promising lead to an
exciting new insecticide with intriguing properties, to the first product in a new class of insect
management products. Throughout this evolution, the critical attribute of superior efficacy has
been the centerpiece for field characterization, with the ongoing belief that Spinosad would prove
to be a new insect control solution for pests that have developed resistance to conventional
insecticide technology. DowElanco’s Insect Management Group (IMG) Discovery scientists now
confirm that spinosad does indeed have a novel mode of action (MOA).

Spinosad, causes excitation of the insect nervous system, leading to involuntary muscle
contractions, prostration with tremors, and finally paralysis. These effects are consistent with the
activation of nicotinic acetylcholine receptors by a mechanism that is clearly novel and unique

-among known insect control products (including all known insecticides). Spinosad also has

effects on GABA receptor function that may contribute further to its insect activity. The reason
for the extraordinary margin of selectivity toward certain insects over mammals and other non-
target organisms is not fully understood.

The MOA of spinosad is unique and should offer a new solution for target pests that have
developed target site resistance to other compounds. Studies using laboratory and field
populations have demonstrated no known incidence of cross resistance. Developing and
supporting pest management strategies to minimize the possibility of resistance development for
spinosad is a very high priority for DowElanco.

* Trademark of DowElanco
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4. Chemical Control/New Products
B. New Products

TECHNICAL UPDATE FOR SUCCESS* INSECTICIDE, A NEW TOOL FOR INTEGRATED
PEST MANAGEMENT IN WESTERN ORCHARDS

Barat Bisabri, and Mike Shaw
DowElanco
1255 Antelope Ave.
Davis, Ca. 95616

Control of Overwintering Peach Twig Borer (PTB) in Almonds with Success: Six field trials
were conducted throughout the almond growing regions of California in 1996 to define the
optimal use rate and timing of Success insect control applied as dormant/delayed dormant
treatment for management of the overwintering generation of PTB in almonds. Additionally the
effect of tank mix combinations with supreme oil on efficacy was evaluated. Treatments were
applied during the dormant season in January or delayed dormant in early February using a Solo
mist blower @ 100 gpa. Success was applied @ 0.045 and 0.09 Ib. a.i./acre and supreme oil was
applied at a rate of 2.0 gal/acre. Lorsban*-4E insecticide at 2.0 Ib. a.i./acre was utilized as a
commercial standard in all trials. In one of the study locations one of the success treatments and
the commercial standard were applied using an orchard airblast sprayer for the comparison of
research application methods with commercial scale applications. Evaluations were made in
carly spring as the number of PTB strikes per tree. Success at 0.09 Ib. a.i./A provided efficacy
similar to the commercial standard of Lorsban-4E. Addition of supreme oil did not significantly
improve the efficacy of Success against PTB. Although dormant applications of Success and the
standard were highly effective, the delayed dormant applications provided significantly better
control than the dormant applications. Efficacy of Success or the standard using mist blower
applications did not differ significantly from commercial airblast applications.

Control of Spring Generation of Peach Twig Borer (PTB) in Almonds with Success: Four field
trials were conducted throughout the almond growing regions of California in 1996 to define the
optimal use rate and application volume of Success insect control targeted at the spring
generation of PTB (*May spray”) in almonds. Success insect control treatments @ 0.045 and
0.09 Ib. a.i./acre were applied at 450-500 DD from the biofix using a Solo mist blower applicator
@ 20 or 100 gpa. In one of the study locations one of the success treatments and the commercial
standard were applied using an airblast sprayer for the comparison of the two application
techniques. Evaluations were made as the number of PTB strikes per tree. Success @ 0.09 Ib.
a.i.facre provided control of PTB not different from the commercial standard. There was no
significant difference in the efficacy of 20 vs. 100 gpa. Efficacy of Success or the standard using
mist blower applications did not differ significantly from commercial airblast applications.

* Trademark of DowElanco
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Control of Navel Orangeworm (NOW) in Almonds with Success: Two field trials were
conducted in California in 1996 to define the use rate and timing of applications of Success
insect control targeted at navel orangeworm in almonds. Success insect control treatments @
0.02, 0.04, 0.09 and 0.12 Ib. a.i./acre were applied at hull-split and also at hull split + 7 days and
huil split + 14 days. All applications were made at 100 gpa using a Solo mist blower applicator.
Lorsban -4E insecticide at 2.0 Ib. a.i./acre was utilized as a commercial standard of comparison.
Evaluations were made at harvest as percent nuts infested with NOW. All tested rates of Success
at both application timings provided significantly better control of NOW than the untreated.
There was no significant difference in the efficacy of the rates of Success tested (0.22 to 0.134
Ib./a). and efficacy did not differ significantly from the commercial standard, Lorsban-4E.
Because NOW infestations in commercial production orchards are typically found at low levels
of infestation (< 5%), efficacy trials against NOW need to be evaluated in larger plots with fewer
treatments with a greater number of samples.

Control Of Oblique-banded Leafroller (OBLR) in Apples with Success: A series of field trials
were conducted in the Pacific Northwest during 1996 to determine the optimal rate, timing and
effect of application volume on efficacy of Success against overwintering and second generation
OBLR in apples. Studies were designed to be simple 2 X 2 factorials. Two rates of Success
(0.083 and 0.167 Ib. a.i./acre) were compared in all studies. Studies designed to evaluate the
effect of application volume compared each rate of Success applied at either 400 gpa (dilute) or
100 gpa (concentrate). Studies focused on overwintering OBLR compared applications at pink
stage vs. applications at petal fall. Second generation OBLR studies compared a single
application made at 100% egg hatch with two applications (100% egg hatch + 10 days).
Evaluations were made as the number of OBLR larvae per 60 second search. There was no
significant difference in the efficacy of the two rates of Success tested against overwintering or
second generation OBLR. There was no significant difference in the efficacy of dilute vs.
concentrate applications against overwintering or second generation OBLR  Petal fall
applications of spinosad against overwintering OBLR were significantly more efficacious than
pink stage applications. Most spinosad applications against overwintering OBLR provided
significantly better control of OBLR than the commercial standards. Two applications of
Success (100% egg hatch +10 days) provided significantly better control than a single application
applied at 100% egg hatch and control with two applications did not differ significantly from the
commercial standard.

DowElanco Confidential
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5. Pesticide Resistance

RESISTANCE OF SAN JOSE SCALE TO CHLORPYRIFOS

R. E. Rice and R. A. Jones
University of California
Keamey Agricultural Center
Parlier, CA 93648

Laboratory trials initiated at the Kearney Agricultural Center in 1994 to evaluate resistance of San
Jose scale to chlorpyrifos (Lorsban) were continued in the fall of 1995 and spring of 1996.
Procedures included collection of scale crawlers from grower and untreated orchards, establishment
of scale mother colonies on banana squash, and treatment of small gourds infested with first instar
scale using various rates of chlorpyrifos.

Continued replication of chlorpyrifos dosage rates in 1995-96 confirmed earlier data that the
populations of San Jose scale from two mature commercial nectarine orchards in the Reedley-Parlier
area had developed a strong tolerance or resistance to the insecticide chlorpyrifos. Figure 1 shows
that San Jose scale in the two commercial orchards are 40-100 times more tolerant of chlorpyrifos at
the 90% mortality level than the laboratory colony, and there are some scale in the KAC Field 32
population that are equally resistant. The untreated research orchard population of scale from
Kearney (Field 32, nectarines) is intermediate in its susceptibility to chlorpyrifos compared to an
untreated or unselected laboratory colony from Kearney. These data conclusively show what had
been suspected, that San Jose scale field populations do in fact have resistance to organophosphate
insecticides, which has contributed to control failures in several tree fruit commodities over the past
several years. As a result of these findings, it is apparent that growers, pest control advisors, and
applicators must now pay much greater attention to the details of proper spray application and
coverage in order to achieve economic control of San Jose scale when using organophosphate
insecticides, either in dormant or post-bloom sprays.
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Figure 1. Comparison of an organophosphate-susceptible laboratory population of San Jose scale to scale collected

from three nectarine orchards, KAC Field 32 unsprayed; Grower 1 and 2 orchards treated annuaily with
dormant organophosphate and oil sprays.
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V1. Biology/Phenology

Improving the Codling Moth Biofix-based Spray Timing Model

Alan Knight and Mark Weiss
USDA, ARS, Yakima, WA

The codling moth timing model is widely used by growers throughout North America and
Europe to time spray applications. The model adopted by growers in Washington is
based on spraying 250 DD after biofix, defined as the first sustained moth catch. Degree
days are a convenient measure of cumulative temperature effects. Codling moth eggs,
larvae, and pupae develop above a lower temperature threshold of 50°F. However, adult
flight, female calling, mating, and oviposition events occur above a much higher threshold,
ca. 60°F. These adult activities also have fairly defined time periods. For example egg
laying occurs before, duning , and after dusk. Flight, calling and mating occur during dusk.
In most fruit producing areas in the western U.S. there can be quite a drop in
temperatures from the heat of the day (ca. 4PM) until dusk (we determined the mean
drop in the Yakima Valley to be 12°F during April-June). Thus if a number of days occur
in which the high is well in excess of S0°F but the temperature falls below 62°F by dusk
then the model will start accumulating DD and begin to predict egg laying and hatch while
the moths in the field are inactive and have not mated.

Improvements in the current codling moth model may be needed for two reasons. First in
the past, applications of Guthion were highly effective for 21 d, but now with low levels
of resistance, growers have to reapply every 10-14 d to maintain adequate levels of
control. Second, the new msecticides that will soon be available to apple growers such as
Comply and Confirm are active against the egg stage and sprays need to be timed for
periods of peak egg laying and subsequent egg hatch.

One solution that has been proposed to fine tune the model is to establish a biofix only if
a sustained catch of moths occur and temperatures during dusk are warm enough for adult
activities. In California a model (BUGOFF 2) uses an activity threshold of 62°F and a
biofix is established only if dusk temperatures exceed this temperature for three nights
during a week. This approach has never been adopted nor evaluated in Washington.

Another factor that can limit adult codling moth activity is high wind speed. The
literature shows that at speeds above 2.2 mph codling moth adults become inactive.
Measurements of wind speed at PAWS sites outside of the orchard canopy will likely be
higher than speeds occurring inside the canopy where the moths are active.

Measurements by Dr. Steve Welter (UC-Berkeley) found that speeds declined about 60%
from outside to inside the canopy. Thus wind speeds measured above 5 mph may affect
moth behavior.
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Starting in 1996 we initiated a project to evaluate whether the current modei could be
improved if temperature and wind speed were considered in establishing a biofix date.
Fortunately the spring weather in 1996 was unusual (as it is every year) and we were able
to test the models under exceptional conditions. The first catch of codling moth in my
experimental orchard occurred on 6% May and I established the Biofix on 9® May.
Following this date the weather cooled until the 23" May. Iused sticky interception
traps to monitor the female moth population and found that the first mated moths were
not present until 31% May. Leaf sampling for codling moth eggs detected oviposition on
31" May as well. Analysis of the temperature and wind data from the 9" - 31 May
showed that on the one night clearly warm enough for moth activity the wind speed was
very high during dusk. On several other nights the suitability of dusk temperature and
wind speed were marginal but no eggs or mating occurred. Following the 31% May
temperatures warmed and mating and egg laying increased.

Based on the BUGOFF 2 model the biofix date would have been delayed from the 9% to
the 24® May. Timing spray applications 250 DD after biofix would have moved the
recommended spray date from the 4™ June to the 11® June. This later date coincided
approximately with egg hatch,

A useful insight that may improve our management of codling moth was derived from
these analyses. We examined how far apart were time intervals of at least three days
where the maximum daily temperature was_> 74°F (62°F plus the 12°F difference
between the daily maximum and dusk temperatures in Washington orchards). In 1996
once the temperature warmed it remained warm through June. However, in other years
such as 1995 there was a 20 d gap between the first warm period and the next. We
observed a clear split peak in moth flight and resulting egg hatch in our areawide site in
Oroville during 1995. It appears that if warm periods {maximum temperature > 74°F) of
3 or more days are separated by more than 7 days then growers may want to time a
second spray from the second warm period. In Oroville growers who did not apply a
second cover suffered high levels of fruit injury in 1995.

Implementation of these modifications to the current model should be easy. Biofix will be
based on the first sustained catch of moths followed by three days of temperatures >
74°F and with average dusk wind speeds < 5mph. Further validation of this model will be
conducted during the next two years. The efficacy of timing Guthion and Confirm from
the new and old model for codling moth will be evaluated.
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6. Biology/Phenology

CODLING MOTH EMERGENCE FROM BIN PILES

Brad Higbee, Carrol Calkins, and Chey Temple
U.S.D.A. - ALR.S.
5230 Konnowac Pass Road
Wapato, WA 98951

OBJECTIVES

1. To determine if solar heating of bin piles by covering with plastic sheeting will force
diapausing codling moth pupae to emerge prematurely thereby minimizing their impact on
adjacent pome fruit plantings.

2. To characterize emergence patterns from bin piles in order to understand how infested bin
piles influence codling moth populations in nearby pome fruit plantings.

METHODS

Pairs of bin piles 6 bins high by 6 bins wide by 6 bins long were constructed at 3 sites in the West
Parker Heights areawide project. Clear plastic sheeting was wrapped around one bin pile at each
site. Lab reared, diapausing codling moth pupae, contained in cages, were placed at 3 levels (high,
middle, low) and 3 positions within each level along with temperature probes connected to a data
recorder. Cages were checked once per week and emerged moths recorded.

SUMMARY

Analysis of adult emergence patterns based on mean date of emergence indicated significant

differences between treatments {F =666, p=.0001) and between levels (treatment x level
interaction, F=58, p=.001}. Analysis by treatment indicated significant differences between
levels in the plastic treatment (F=62, p=.001) and the uncovered treatment (F=207, p=.0001).
Tukey means separation test was used to rank order of emergence by level: for the plastic
treatment the order of emergence was high >middie>low; for the uncovered treatment

middle >high>low. The number of days over which the moths emerged was similar (about 50
days), but the moths in bin piles covered with ciear plastic emerged 25-30 days earlier than those
in the uncovered bin piles. Daily high temperatures averaged 10-20 degrees Fahrenheit warmer in
plastic covered bin piles and there was a distinct gradient from lower to higher levels with
increasing temperatures encountered at the higher levels. Figures 1-3 show emergence dynamics
in the two treatments and a comparison of mean emergence date between sites.

This information could be important in developing a technique for neutralizing codling moth infested

bins, and in understanding how infested bins may be influencing pest management in fruit orchards
that receive bins for harvest from large binpiles or are located near bin piles.
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I Biology/Phenology

A MODEL FOR DETERMINING CODLING MOTH RESPONSE TO HEATING RATE
DURING HIGH TEMPERATURE QUARANTINE TREATMENTS

Lisa G. Neven
USDA-ARS
Yakima Agricultural Research Laboratory
5230 Konnowac Pass Road
Wapato, WA 98951

Cadling moth, Cydia pomonelfa (L.) is a quarantine pest on North American-produced
pome fruit, stone fruit, and walnuts destined for export markets. Currently, the only
proposed and certified treatments for codling moth involves fumigation with methyl
bromide, which has been identified as an ozone depletor by the U.S. EPA under the
Federal Clean Air Act (1990). In accordance with the Clean Air Act (1990), the
production and use of methyl bromide in the U. S. will be banned by the year 2001. The
loss of methyl bromide as a means of guaranteeing quarantine security will greatly
impact foreign trade balance unless suitable alternatives are developed. We are
currently investigating the use of heat ireatments for the disinfestation of apples, pears,
and cherries. A crucial aspect of developing a heat treatment is defining the effects of
the application of heat (vapor, moist, or dry forced air, water dips. etc.) on the rate of
heating in the fruit and the subsequent effects on insect mortality. More rapid rates of
heating (8-12°C/h) using hot forced air provide quicker treatments to control codling
‘moth larvae, but in turn are not tolerated as well by apples and pears. Thus, thereis a
trade off between faster heating rate treatments to achieve insect mortality and slower
heating rates to ensure fruit quality. It became necessary to develop a mode! to predict
larval mortality as a function of heating rate so that we could ‘prescribe’ heat treatments
in accordance with fruit tolerances. We previously found a correlation between heating
rate and larval mortality of fifth instar codling moth in response to heat treatments. The
more rapid the rate of heating, the less time it takes to achieve 95% mortality at the final
treatment temperature. From these findings we were able to derive a mathematical
mode! which described the effect of heating rate on insect mortality. We then tested
this model in a simulated heating system in which we could control the rate of heating.
Results from this study were compared against the model. Although the old model!
provided a good estimate of larval mortality, a new model more accurately described
the response of fifth instar codling moth to the heating rate. We are currently
developing a similar model to describe fruit tolerances as a function of heating rate.
The final goal of this research is to develop a working model in which heat treatments
can be ‘prescribed’ to disinfest fruit of codling moth while ensuring fruit quality.
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OLD MODEL:
log,(LTes) = 4.900558 + 2.86748 * log,(heat rate) - 1.182104 * [log,.(heat rate)]?

To find values for 42°C, multiply by 3.2114.
To find values for 44°C, multiply by 2.0083.
To find values for 46°C, multiply by 1.0.

NEW MODEL:

In(LTys) = b, + b,In(heat rate) +b,(treatment temperature)
Where:

b, = 22.4462 + 1.0486 St

b, = -1.5745 + 0.09844 SE

b, = -0.297036 + 0.02339 SE

R? = 0.972

Figure 1. Predicted LT, values from the old model (-M-}, the new model (-@-) and
experimental LT,s from water bath studies (-A-). A=42°C, B=44°C, C=46°C.
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V1. Biology/Phenology
Bt’s Change the Leafroller Time Clock in Apple

Alan Knight! and Steve Cockfield
'USDA, ARS, Yakima, WA and “Scientific Methods, Brewster, WA

Bt products (containing endotoxins of Bacillus thuringiensis) have been adopted by
nearly 25% of Washington’s apple growers to combat leafroller pests. The basic program
is a two sprays timed between pink and petal fall. Growers can expect to get 50-98%
control with this type of program. Several types of studies have been conducted to
optimize grower’s use of Bts. These include: 1} determining which are the most active Bt
toxins against leafrollers, 2) determining the interaction of Bt concentration and larval
stage on the sublethal effects expressed through the rate of larval development and pupal
size; 3) determining the importance of parasitism of leafroller larval populations delayed
by Bt; 4) developing a new predictive model to time summer control actions more
effectively in orchards treated with Bt in the spring; and 5) optimizing the use of Bt in the
spring.

Laboratory assays were run with eight toxins against both obliquebanded (OBLR) and
Pandenus (PLR) leafroller larvae. The most active toxins were the Crv1A’s which are the
primary toxins found in the various commercial products used in tree fruits.

- The delay in larval development achieved following ingestion of Bt appears to be dose

related and affects newly hatched, medium, and large larvae similarly. Pupal size was
reduced especially when larger larvae fed on Bt. The effects on pupal size were lower
when newly hatched larvae were exposed, apparently larvae recovered prior to pupation.
Smaller pupae will produce smaller adults and this could affect mating success, fecundity,
and dispersal of adult females. Further exploration of these effects are planned by Dr.
Lerry Lacey, an msect pathologist at the Yakima Laboratory.

Preliminary data collected in 1994 indicated that a number of parasites attacked the
delayed larvae during May and early June. Further studies are planned to assess the
timing of these parasites and their importance in orchards treated with and without Bt.

In 1994 our preliminary data with Pandemis showed that the current phenology model -
was 2-3 weeks early in predicting summer egg hatch if the orchard was treated with Bt in
the spring. Using our laboratory data and three years of field data of OBLR in the
Brewster area a new model has been developed for this species. During 1997 this model
will be validated in 8 orchards.

Current programs using Bt in the spring recommend that two applications be applied
between pink and petal fall when the weather i1s warm. Two types of studies were
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conducted to optimize these recommendations. First in environmental chambers
programmed to replicate spring days where the high temperature reached 55, 65 or 75°F
bioassays were conducted with third and fifth instar OBLR on leaf disks treated with six
rates of Bt. Results from this study showed that there was little difference in the
susceptibility of the two larval stages but a tremendous difference in the resuits at each
temperature. Bts were approximately 2-3 times more effective between each temperature
jump. This suggests that Bt applications should be delayed until weather is warm despite
the presence of larger larvae. The second study tested the hypothesis that the larvae that
survive the first spray will be more difficuit to kill due to their cessation of feeding.
Survivors of 0.25 1b Dipel per 100 gal were only 30% as susceptible in laboratory tests.
This result suggests that the first application needs to be applied at a high rate, during
warm weather, and using optimal spray coverage to minimize the sublethal effect. Also,
the second application should likely be delayed for two weeks to allow the population to
recover. This approach will be tested in both laboratory and field trials during 1997.
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6. Biology / Phenology

BIOLOGY AND DISTRIBUTION OF THE APPLE TORTRIX - ARCHIPS FUSCOCUPREANUS
(LEPIDOPTERA: TORTRICIDAE) IN WASHINGTON STATE,
A POLYPHAGOUS LEAFROLLER PEST NEW TO NORTH AMERICA

ERIC LAGASA
Lab. Services Div., Wash. St. Dept. of Agriculfure
P. O. Box 42560, Olympia, Washington 98504-42560
(360) 902-2063 elagasa@agr.wa.gov

The apple tortrix (AT), Archips fuscocupreanus Walsingham, was first found in North
America in 1995, during a Washington State Department of Agriculture (WSDA) exotic pest
survey of western Washington State. AT was previously known to occur only in Japan and
Korea, where it is an economic pest of apple, pear, and mulberry and also feeds on a broad
range of native and introduced plants. Initial identification of AT was provided by oJ.
Powell, at the Essig Museum, UC Berkeley, and subsequently confirmed by D. Adamski, at
the USDA Systematic Entomology Laboratory in Washington D.C.

Information on AT biclogy and economic status is scarce, but available literature describes
AT as one of the 3 or 4 more important species of leafrollers in Japan and subject to control
in commercial apple production on a continuing basis. AT biology includes the following:

e AT is univoltine and overwinters in the egg stage, primarily on trunks and branches.

» Eggs hatch from early April to early May.

» Larvae feed until mid May or June, then pupate on the host (or possibly in the soil).

» Adults appear mid June to early July. Eggs are laid in July, which then overwinter.

Over 950 AT were collected in 5 counties in Western Washington (Whatcom, Snohomish,
King, Pierce, and Thurston) in 1995. Catch was highest in the King to Thurston county
area. 1996 survey found AT in Skagit county, but not south of Thurston county or in
Eastern Washington.

Evaluation of AT biology in 1996 was complicated by the inability to identify immature
stages of AT, which required rearing of specimens to adult for ID. Similar species, found on
the same host plants and in the same areas as AT, are the oblique-banded leafroller,
Choristoneura rosaceana, and European leafroller, Archips rosenus. The latter species is
essentially identical to AT in the adult stage. Definitive identifying characters are known
only for adult male AT (genitalia) . Efforts to find identifying characters for immature and
female AT are continuing. Fortunately, the pheromone lure used in the initial and
subsequent surveys for AT (z-11-tetradecenyl acetate) was determined to be very selective,
effectively attracting AT but not A. rosanus.

AT and A. rosanus were the dominant species of leafroller s found in a survey of 22
potential host plants in the Olympia area. Together those species comprised 84% of the
fairly abundant defoliator fauna (42% each). AT was reared from apple, azalea, cascara,
filbert, maple, potentilla, cherry, Asian pear, and English laurel, more hosts than any other
species present. The number of AT caught at 10 Olympia area trap sites in 1995 increased,
but not significantly, in 1996. Adult flight for AT was recorded from late June to early
August, with a broad (non-synchronous) peak through mid-July in 1996.
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Section VL
Biology and Phenology

BIOLOGY AND MANAGEMENT OF STINK BUGS IN TREE FRUITS

P.S. McGhee, J. F. Brunner, M.D. Doerr
WSU Tree Fruit Research and Extension Center
1100 North Western Avenue, Wenatchee, WA 98801
pmcghee@mail wsu.edu

JUSTIFICATION: Pheromones represent the most promising alternative tactic for controlling
codling moth in pome fruit orchards of Washington.  However, a pheromone-based pest
management program (PBPM) will represent a drastic departure from current IPM programs.
Control decisions will become more site-specific in response to local pest problems. One of the
greatest challenges to a PBPM will be managing pests which reside outside the orchard and only
visit or invade at specific times of the year cansing damage. The most notable examples of these
are true bugs in the families Miridae (Lygus sp.), Rhopalidae (boxelder bug) and Pentatomidae
(stink bugs).

Stink bugs have caused serious crop loss to cherry, peach, nectarine, apple and pear. Control
with insecticides is difficult. Stink bugs invade orchards late in the growing season when choice
of chemical controls is limited by PHI considerations. Repeat sprays are ofien required because
stink bugs continue to migrate into orchards. At least six species of stink bugs occur in native
habitats in Washington. The biology of different species is known to a greater or lesser degree
from research in California and other states. However, no research has been conducted on stink
bugs in Washington since the late 1970s.

Phenology and species complex

Studies were conducted in the growing regions surrounding the Yakima vailey and
Wenatchee/Manson region. Data obtained during the summer of 1995 indicated these areas were
heavily infested with stink bugs.

Native pest stink bug complex: Four species of stink bug were determined to cause damage to
tree fruits; the consperse stink bug (Euschistus conspersus), the conchuala stink bug
(Chlorochroa ligata), the green soldier bug (Acrosternum hilare), and the red-shouldered stink
bug (Thyanta accera). The consperse and conchuala stink bug have caused the most economic
loss in apples and pears.

105



Pest plant host succession: Plant host succession was determined by sampling the native
vegetation surrounding orchards throughout the growing season. Overwintering adults of the two
most injurious species emerge and feed on mullen early in the spring. The adults move onto
bitterbrush in late spring and early summer to lay eggs where the immature stink bugs will
complete development. Later in the summer (July/Aug) the new adults return to mullen
surrounding the border of orchards. Adults move into orchards and feed causing fruit damage.

Phenology: During the summer of 1995 the consperse stink bug had two reproductive
generations. In 1996 only one reproductive generation was recorded. It is possible that the
number of generations was reduced because 1996 was cooler and wetter than 1995. In 1996
eggs were laid from mid June through mid July. The nymphs began hatching in early July and
developed through five larval instars extending throughout early September. Adults begin
invading orchards in mid Angust through late September.

Development

Rearing of E. comspersus at constant temperature provided preliminary estimates of
developmental threshold for this stink bug species. E. conspersus was reared on soybeans and
peanuts so data on stage longevity might not correspond directly to field conditions where it
would be feeding on a variety of host plants. However, it was found that the eggs required an
average of 13 days to hatch at 21 °C but only 6 days at 31°C. Development from the egg to adult
required 60 days at 21 °C and 24 days at 31°C. The lower developmental threshold for the egg
stage was 10°C while the lower developmental threshold for development of the nymphs, 1st
through 5th instars, was 14 °C.

Monitoring

Three trap designs were tested this year. Clear 18” by 18” Plexiglas pane traps covered with
tangle foot were placed, hanging from limbs, along the borders of orchards. The second trap
consisted of a modified cotton boll weevil trap. This trap resembled a clear plastic tube, 4” in
diameter with small circular openings at each end. Traps were placed in trees where the limb joins
the trunk. The third trap was obtained from a commercial supplier. It consisted of a modified
clear plastic jug with two inverted screen funnels attached to the side. These traps were also
placed where the limb attaches to the trunk. Each of the trap designs was baited with a
commercially available stink bug attractant. The sticky-pane trap was the least effective and
captured less than 0.5 stink bugs per week. The modified boll weevil trap was slightly more
effective and captured 1.32 stink bugs per week. The jug trap was the most effective at capturing
stink bugs and averaged 3 stink bugs per week.

Bielogical control

A microwasp in the family Scelionidae was determined to occur in the growing regions associated
with stink bug damage. The wasp is a parasitoid of stink bug eggs. Sentinel stink bug egg masses
were placed in orchards and on native vegetation surrounding the orchards. The wasp parasitized
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47.4% of the total number of egg masses. Further research can determine the possibility of
utilizing the wasp as a natural control method of stink bugs in tree fruits.

Trap crops

Orchards that had high stink bug populations in the surrounding native habitat were selected for
trap crop studies. The trap plant tested was tomato, as stink bugs cause major economic loss to
this crop in California. In this study, stink bugs did not appear on any of the tomato plots grown
near orchards. Naturally occurring mullen at the borders of orchards attracted large numbers of
stink bugs. Because mullen occurs naturally around orchards and attracts stink bugs this might
make an ideal trap crop.

Chemical Control and Fruit Injury

Field-aged pesticide residues were tested for stink bug mortality. Results indicated that one-day
old residues of Carzol 92 SP and Thiodan 50 WP killed 100% of the consperse and conchuala
stink bugs. These same insecticides were most active as seven day-old residues though Carzol
was a little more effective than Thiodan. Asana 0.66 EC was active as a one day-old residue
against both stink bug species but was not active as a 7 day-old residue. Guthion SOWP was not
effective against either stink bug species. Lorsban SOWP was more effective against Say’s stink
bug but not consperse.

High levels of fruit injury were noted in some orchards where stink bugs were observed either in
traps or on mullen adjacent to orchards. Sampling of fruit injury in one orchard revealed an
average of 40% fruit injury in the border row, however, injury dropped to only about 1% in
interior trees. Fruit injury was also 3 to 4 times higher in the top of trees than at mid-canopy
height. The pattern of border injury strongly suggests that well timed border treatments could
prevent most fruit injury in threatened orchards. It 1s also obvious that mullen plays a critical role
in some orchards as a bio-accululator of stink bugs as they move from native habitats toward
orchards. Cultural practices that limit mullen along orchard borders would be an easy and
possibly effective management option to help reduce stink bug damage in orchards.
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1. 7. Mating Disruption/SIR

DISRUPT® CM CODLING MOTH MATING DISRUPTANT
RESULTS OF FIELD AGING STUDIES, 1996
IN
WASHINGTON, OREGON AND CALIFORNIA
Priscifla MacLean
Hercon Environmental Corp.
P.O. Box 467
Emigsville, PA 17318

Field-aging studies for Hercon DISRUPT® CM were conducted in several areas of Washington, Oregon,
Califomia, South Africa and Argentina during the 1995-1996 growing season to determine the rate of
emission of the dispensers under a variety of conditions. Dispensers using the Hercon controlled release
technology were hung in the field under conditions similar to a pheromone application. The exposed
dispensers were then sent to Hercon on a weekly schedule for residual analysis by gas chromatography
(GC). The results from these analyses provided release rate information on the dispensers under different
chmatic conditions. In general, DISRUPT CM dispensers provided an average release (mg/day/dispenser)
profile ranging from 0.85 to 0.90 over the first application period in Washington, 1.1-1.7 over both the first
and second applications in Medford, OR, and 0.85 to 1.24 for both applications in Walnut Grove, CA.
The second application in Washington showed an unexpected flat release in one or two of the study plots.
Even though temperatures were warmer in the second application than in the first, the emission rate of
some dispensers was unexpectedly slower. The reason for this result is being mvestigated. The results
from the 1995-96 field-aging studies conducted in locations both in the US and overseas (Table 1.),
indicate DISRUPT CM dispenser emits a daily average ranging between 0.85 - 1.25 mg Al/day/dispenser
over time periods from 84 days to 126 days for first applications and 0.5 - 1.24 mg Al/day/dispenser over
62 to 117 days for second applications.

Eocation Average Release Range of Release Al Remaining in No. Days
mg/day/dispenser | mg/day/dispenser Dispenser Exposed
Finley, WA 0.9 (1.2) 0.2-1.9 (0.6-2.1) 31 (83) 134 (64)
Toppenish, WA 0.93 (0.6) 0.2-1.8 (0.2-2) 36 (115) 126 (78)
Chelan, WA 0.9 (0.7) 0.2-1.25 (0.4-1.25) 80 (67) 84 (117)
Brewster, WA 0.92 (0.5) 0.3-1.28 (0.2-1.7) 76 (132) 84 (62)
Leavenworth, WA 0.85 (N/A) 0.2-2.75 59 111
Walnut Grove, CA 0.86 (1.24) 0.3-2.2 (0.5-2.7) 80 (49) 85 (85)
Medford, OR 1.1 (1.7) 0.5-2.16 (0.1-5.7) 60 (34) 88 (76)
South Africa 0.89 0.3-3.4 36 147
Argentina 1.25 0.5-2.4 71 84

Table 1. Field aging results on Hercon DISRUPT CM for several locations in 1995-1996 growing
season. Numbers in parentheses are second application period values.

The results indicate the Hercon DISRUPT CM dispenser has sufficient pheromone release for effective
codling moth mating disruption for 90 days in most conditions. While efficacy of the Hercon DISRUPT
CM was not evaluated in this test, near-by orchards were treated with this product and found to have little
or no codling moth damage despite reports of low to moderate populations in the area.
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Pheromone Trap Catch of Codling Moth in Grid Transects Leading from Areas of
Mating Disruption: Definition of Plume Edge and Impacts on Males in Neaby Non-
Treated Orchards or Habitats.

Croft, B.A., HW. Riedl, AL.Knight'andL.C. Coop
Department of Entomology

QOregon State University, Corvallis, OR 97331

and USDA/ARS, Wapato, WA 98951

Abstract. Transects (8 total) of pheromone traps deployed at 10, 20...50, 100 and 150 m
away from a 10 h area of mating disruption (MD) of codling moth (Cydia pomonella) into
untreated pears were used to define the boundaries of the pheromone plume emanating
from a MD area and to assess responses of natural populations of male moths in areas of
non-MD surrounding the treated site. Male catches in most transects showed moderate
catch at distances of 10-20 m away, lowest catches at 30-40 m and highest catches at 50-
150 m. We interpreted these data to show that highest rates of pheromone concentration
just adjacent to the MD site attracted male moths outward for up to 50 m. Attraction
towards the MD area occurred and depletion of moths occurred from 30-40 m, but
reduced levels of males were caught at 10-20 m away because of mating disruption
effects. Beyond 50 m the most males were caught because of no attraction to the MD
plume and no confusion in finding traps. Transect without large populations of moths in
the surrounding habitat showed different patterns of moth catch, but were consistent with
the above explanation. A transect that had MD sites on more than one side showed a
different pattern of trap catch than that seen in sites with MD only on 1 side. A transect in
apple and cherry had similar patterns of moth catch as did sites in pear. Implications for
use of these data to improve monitoring methods, enhance the overall effectiveness of MD
and for modeling moth population dynamics in areawide regions of MD will be discussed.
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7. Mating Disruption/SIR
MATING DISRUPTION OF CODLING MOTH USING “PUFFERS”

Rachel B. Elkins
University of California Cooperative Extension
883 Lakeport Blvd.
Lakeport, CA 95453

Harry H. Shorey
Department of Entomology
University of California
Riverside, CA 92521

In 1996, a 160-acre trial was initiated to test a novel, economical dispenser - “puffers”.
Puffers are plastic devices containing a pressurized aerosol can filled with pheromone. A

timer triggers a plunger to open a valve, releasing a given amount of pheromone at a preset
time interval.

Puffers full of the codling moth (CM) pheromone codlemone and butane propellent were
applied to 160 acres of Bartlett pears in Kelseyville, California on April 16. Devices were
placed every 35 feet around the perimeter of the site, with some additional ones within the
site; application rate was 1 per 1.3 acres. Pheromone was released every 25 minutes from
April through September. All dispensers were replaced June 1; the butane was replaced with
an expertmental propellent and OBLR pheromone was added. Upwind units were again
replaced in late July due to propellent interference with emission during a prolonged heat
spell. On all but 156 acres, the normal CM control program was carried out in addition to
the pheromone. Four 1-acre plots in the center of the site were left untreated except for
pheromone. Numerous 1 mg., 10 mg., and OBLR traps were placed throughout the site, as
well as in two upwind standard program orchards.

Trap catches, CM eggs and fruit damage (1st generation, preharvest, bin and postharvest
samples) were recorded in mating disruption (MD), standard, and untreated orchards (1st
generation only). No eggs were found in any plots in a mid-May sample and there was no
Ist generation CM damage; however, OBLR damage averaged 1% in the MD plots.
Preharvest CM damage was zero in downwind MD plots but averaged 1.8% in upwind plots.
Bin counts were 0 in downwind and averaged 1.0% in upwind plots. OBLR damage
averaged 11% in all MD plots but only 1.0% in the MD + OP-treated areas, reflecting the
lack of early OBLR pheromone to control the 1st generation and confirming the relative
efficacy of chemical control (Tables 1 and 2).
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Table 1: CODLING MOTH DAMAGE - PUFFER TRIAL i
Bartlett pears, Lake County, 1996
total of 2 picks
Sample MD MD+OP GROWER UNTREATED
avg. 2 plots avg. 2 plots
upwind. downwind upwind downwind "{
Ist Gen. - tree 0.0 0.0 - 0.0 10.5 |
2nd Gen. - tree 1.8 0.0 - 0.0 -- K
2nd & 3rd Gen. - bin 1.0 0.0 0.0 0.0 0.0 -
post-harvest 13.8 0.0 1.1 0.0 0.0 -~
Table 2: OBLR DAMAGE - PUFFER TRIAL
‘ Bartlett pears, Lake County, 1996
total of 2 picks
Sample MD MD+OP GROWER UNTREATED
avg. 2 plots avg. 2 plots

upwind downwind upwind downwind

1st Gen - tree 1.3 0.8 - - 0.0 0.35
1st Gen. - bin 04 0.1 0.3 0.1 0.0 -
2nd Gen. - tree 5.0 6.3 - - 0.0 -
2nd Gen. - bin 11.8 10.8 1.5 0.6 0.0 -
postharvest 0.0 0.0 0.0 0.0 0.0 --
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7. Mating Disruption/SIR

NEW PHEROMONE FORMULATION FOR CODLING MOTH
MATING DISRUPTION

. Alan Knight
USDA/ARS Wapato, WA

Tom Larsen
Consep, Inc. Bend, OR

A novel new formulation of codlemone was evaluated in the laboratory and field
to determine potential mating disruption efficacy on codling moth (Cydia
pomonella). The new formulation is novel in that it is composed of beads
approximately two millimeters in diameter. The beads are applied with an
adhesive carrier that binds them to the foliage and/or the bark of the free. In
laboratory the codlemone content was determined to be approximately 1.3 mg
per bead. In addition to codlemone, the bead contents include solvents and
stabilizers. In laboratory experiments the beads released codlemone in
temperature ovens throughout the entire 72 day evaluation period. The adhesive
carrier had little effect on the codlemone release rate in oven experiments. In
field experiments the beads applied at a rate of 200 beads per tree in small
replicated blocks, provided varying levels of mating disruption for the 62 day
duration of the experiment. These preliminary experiments indicate that the
formulation may have potential as a mating disruption product that could be
quickly and easily applied by hand or mechanical devices. Such a formulation
would also address point source considerations and concerns about the long
term impact of repeated application of hand-applied dispensers.
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|. Section 7: Mating Disruption/SIR

FUNCTIONALLY STERILE CODLING MOTHS THROUGH GENETIC ENGINEERING:
AN ALTERNATIVE CONTROL PROGRAM

H. J. Ferguson and L. G. Neven
USDA-ARS

Yakima Agricultural Research Laboratory
Wapato, WA 98851

509-454-4462

fergie@yart.gov

Alternative control strategies are needed for the codling moth in order to reduce our reliance on
chemicals. Continued use of organophosphates during the growing season kills the beneficial organisms
that help to keep pest populations down, puts orchard workers at risk for insecticide exposure, and
increases the likelihood of insecticide resistance developing in the codling moth. In addition, the only
chemical used for the postharvest disinfestation of fruit, methyl bromide, is scheduled for removal from use
in the U.S. by the year 2001 because it is an ozone depleter. We are working on an aiternative non-
chemical method to establish pesi-free zones which is similar to the Sterile Insect Release Program in
British Columbia but does not involve irradiation. It involves the genetic engineering of a tethal trait into the
codling moth.

Researchers at the University of California, Riverside, have been working on such an alternative
genetic control strategy for the suppression of pink boliworm. The lethal trait they examined in Dresophila
is a mutation of a gene which is required for normal development of the insect embryo (Fryxell and Miller
1995). The mutation is expressed at temperatures below 20°C (68°F). Thus, moths which possess this
mutation could be reared in the laboratory above 20°C. However, once released in the field, matings with
wild moths would produce eggs that would die at temperatures below 20°C. During the growing season,
temperatures drop below 20°C nearty every night and often during spring and fall daytime. L aboratory
trials of this mutation with the Drosophila fruit fly led to the extinction of the population within three
generations. This alternative genetic conirol sirategy has been named Autocidal Biological Control (ABC)
(Fryxell and Miller 1995).

We have been developing the technology to genetically fransform codling moth. A pressurized
microinjection system is used to deliver DNA into the newly laid eggs. We use a DNA vector which contains
a "jumping gene”, which is capable of inserting itself into the chromosome at a specific site. Once the gene
is integrated into the chromosome, it is passed down to the offspring. The vector we are using, called
piggyBac, has been developed for and has been proven in transforming moth species. As soon as it has
been determined that piggyBac works to transform the codling moth, the lethal gene will be inserted into
the vector and injected intc eggs to produce a mutant, functionally sterile strain of codling moth.

Laboratory assays with piggyBac have proven that the gene is capable of functioning as a jumping
gene in the codling moth embryonic environment. This indicates that the vector will most probably be
successful in transforming the codiing moth which may be proven by determining if the foreign gene is
heritable. To date, a total of 1320 codling moth eggs have been injected with piggyBac (Table 1). The
resultant moths are mated to wild type moths, and their offspring are screened, using a sophisticated
selection procedure, for fransformants. From the 48 moths mated in the first set, a total of 1718 larvae
were screened, but only one resulted from the selection. Further analysis is needed to confirm if the foreign
gene is present in this individual. Also, future injections will involve lower DNA concentrations to decrease
the chances that potentially transgenic embryos die due to lethal effects of the jumping gene.

117



Table 1. Codling moth egg microinjections with piggyBac DNA.

Date of No. No. No. No. No.
Injection  Injected Hatched Mated Oftspring Potentially
Screened Transgenic

10/11 425 94 48 1719 1
10/31 459 47 still pupal
1A 436 70 still pupal

Fryxell, KJ. and T. A. Miller. 1995. Autocidal biological control: A general strategy for insect control based
on genetic transformation with a highly conserved gene. J. Econ. Enfomol. 88: 1221-1232.
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ViI. Mating Disruption/SIR
Why So Many Mated Female Codling Moths in Disrupted Orchards?

Alan Knight
USDA, ARS, Yakima, WA

To optimize the use of sex pheromones to manage codling moth (MD) we need to
understand the various impacts this approach may have on the adult behavior and
population dynamics of this pest. Previous studies have shown that female codling
moths avoid surfaces treated with pheromone to lay eggs, calling by virgin females was
increased in the presence of sex pheromone, males become more active in searching for
females and their distribution both within the canopy and within and among orchards 1s
affected by the presence of sex pheromone, and female movement patterns are apparently
unaffected by sex pheromone. Egg predation is somewhat higher in orchards under MD
that are sprayed less often with broadspectrum insecticides and may account for an
additional 10-30% reduction of the population. In 1995 I found that nearly 50% of the
female codling moths were mated in a disrupted orchard during the first generation.
However, this was a high pressure orchard and we know that disruption of mating is
lower under higher moth pressure. Similar findings were found in 1996 and mating of
females approached 100% during the second flight in a disrupted orchard. These findings
led me to wonder if these mated females were older when they mated and whether this
delayed mating could account for a significant population reduction. Therefore two
studies were conducted to demonstrate the potential for a delay of mating, and its effect
on the fecundity of codling moth in apple orchards under sex pheromone-based mating
disruption

Releases were made of virgin, sterile codling moths into both MD and conventional
orchards. Moths were recaptured on interception traps daily for six days. In the
conventional orchards ca. 40% of the females were mated after one night and this
increased to ca. 75% on the second and subsequent nights. In the MD orchards no mating
occurred on the first night. On the second and third nights ca. 20% of the females were
mated. On the fourth and subsequent pights ca. 45% of the moths were mated. Thus
there appeared to be a two-day delay in mating in the MD versus the conventional
orchard. Laboratory bioassays were conducted with female codling moths <1-10 days
old. Each female was placed in a container with two 1-2-d-old males for one night. Her
mating success, fecundity and the number of larvae produced were measured. The total
number of progeny produced dropped 40% if females were not allowed to mate for two
days.

A simple model has been constructed that relates the percentage of the population that

mates (based on population density), the age of the females when they mate, and the
seasonal effects of egg predation to characterize the population dynamics of codling moth
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within both MD and conventional orchards. Further research is planned to determine if
delay of mating occurs with natural populations of codling moth and studies will continue
to develop a population model for codling moth in MD orchards. Validation of this

model will begin 1in 1998.



7. Mating Disruption/SIR

GRAVIMETRIC AND RESIDUAL ANALYSIS OF THE FIELD PERFORMANCE

OF ISOMATE C+ DISPENSERS
Don Thomson Jack Jenkins
Pacific Biocontrol Corporation Cogent Consultants Inc.
400 East Evergreen Blvd., Suite 205 620 East Bird Lane
Vancouver, WA 98660 Litchfield Park, AZ 85340

Every year questions are directed to Pacific Biocontrol about the longevity of Isomate C+
dispensers. Release rates of Isomate C+ are a function of temperature, wind and to some
degree time exposed in the field. To better understand the performance and longevity of
Tsomate C+ in the field under different climatic conditions, research trials were conducted in
4 areas.

Experimental trials were established in Phoenix, Arizona, Davis, California and Yakima
and Wenatchee, W ashington. Every attempt was made to choose clean sites free from
excessive dust or blowing soil. Dispensers were deployed in apple or pear trees if possible
or in trees with suitable architecture. Trees were not treated with applications of any spray
material. At each site 85 dispensers (100 dispensers in Phoenix) were weighed on an
analytical balance to the nearest tenth of a milligram (X.0000) and their weights recorded.
Each dispenser was then labeled with a numbered tag. Tagged dispensers were twisted
onto metal paper clips and then randomly attached to a line strung between trees or to a line
strung within a tree. Dispensers were positioned on the line so that they were situated
within the canopy approximately 3 feet from the top of the trees. Dispensers were
separated from each other on the line by 7 to 10 cm.

Twenty five tagged dispensers were removed from trees and weighed every 7 days.
Following each weighing, dispensers were randomly reattached to the line within the trees.
Beginning with Day O and every 14 days thereafter, six dispensers were randomly
removed from the line, weighed to the nearest tenth of a milligram, labeled (product name,
# of dispensers and harvest date), wrapped in aluminum foil and then shipped to the lab for
analysis.

A modified version of the codling moth degree model was used to predict the expected
longevity of Isomate C+. The upper threshold was changed from 88°F (31°C) to 120°F
(49 °C). Maximum and minimum temperatures were taken from the closest weather
station.
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7. Mating Disruption/SIR
PHEROMONE EMISSION RATES: ISOMATE C+ DISPENSER

Larry Gut, Jay Brunner, Mike Doerr and Amelie Peryea
Washington State University

Tree Fruit Research and Extension Center

Wenatchee, WA 98801

Pheromone release rates: The rate of pheromone loss in field-aged Isomate C+ dispensers was
estimated by gravimetric and residual analyses. Twenty-five new dispensers and 25 1-year old
dispensers were weighed, then placed in apple trees at the Tree Fruit Research and Extension
Center (TFREC) in a manner that provided uniform exposure to sunlight. The 1-year old sample
consisted of dispensers that were applied to an orchard in Orondo, WA, in 1995. The initial
placement of dispensers at TFREC was followed by collecting, weighing and reapplying them
weekly over a period of 140 days. In addition, release rates on days 0, 39, 73 and 112 were
determined by residual analysis. The pheromone remaining on these dates in five old and five
new dispensers was analyzed by GLC (Joan Fisher, Scenturion, Inc.)

Dispensers applied in 1996 released a substantial amount of pheromone throughout the season.
The amount of product released fluctuated between 0.4 and 2.1 mg/d, depending on weather
conditions (Fig. 1). The highest release rates occurred during the hottest part of the summer,
between days 70 and 110 post-application. These results were similar to those observed in 1995.
The more startling finding was the relatively high rate of pheromone release from the 1-year old
dispensers (Fig. 1). At least 0.4 mg/d was released during most of the first 16 weeks (112 d) of
the season. The 1995 dispenser appeared to be especially sensitive to low temperatures,

releasing very little pheromone early in the spring and during the two coolest weeks in the
summer.

2.2
290 M Isomate C+ (applied May '96)

18 Isomate C+ (applied April '95)
1.6
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4
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0.0

Figure 1. Pheromone emission rate of Isomate C+ dispensers.
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Figure 2. Comparison of gravimetric and residual estimates of pheromone emission rates from new and 1-vear old
Isomate C+ dispensers.

Dispenser analysis: Residual analysis of field-aged dispensers confirmed the reliability of the
gravimetric technique for measuring release rates and provided more detailed information about
changes in pheromone composition during the season. Similar estimates of pheromone emission
rates were obtained by residual or gravimetric analysis (Fig. 2). Aging new dispensers in the
field gradually changed the composition of the pheromone blend. The percentage of codlemone
in new dispensers declined from 66% on day 0 to 61% on day 112 (Table 1). The pheromone
blend in the 1-year old dispenser on days 39 and 73 was similar to the blend in the new dispenser
on days 39 to 112 (Table 1). A major change in pheromone composition in the old dispenser
occurred between days 73 and 112, with a decline in the percentage of codlemone from 60% to
37%. The importance of the slight blend change that occurred in the new dispenser on the
efficacy of the pheromone treatment is unclear. Other research has indicated that codlemone
alone is as effective as the three-component blend. The dramatic reduction in codlemone in the
1-year old dispenser after day 73, however, probably signaled the end of the effective life of this
dispenser.

The isomeric purity of codlemone in the new dispenser was fairly constant over time (Table 1).
Dispensers released ca. 94% of the attractive EE-isomer. The percentage of this isomer in the 1-
year old dispenser was slightly reduced, ca. 91%. Field studies have indicated that high isomeric
purity is not required for control with pheromone products.

Table 1. Pheromone composition in field-aged Isomate C+ dispensers.

% of each pheromone component’ % of each codlemone isomer
Day CM 120H 140H EE 7E EZ ZZ
New dispenser
0 659 27.6 6.5 94.9 22 1. 0.9
39 63.0 26.0 11.2 94,2 23 2.4 1.0
73 62.0 25.6 12.1 94.4 24 2.7 1.1
112 61.0 24.5 14.1 93.8 2.3 2.8 1.3
1-year old dispenser
0
39 64.8 24.2 11.0 90.6 3.0 4.7 1.7
73 60.2 222 17.6 28
112 36.3 18.1 45.7

I CM-codlemone, 120H-dodecanol, 140H-tetradecanol.
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VII. Mating Disruption/SIR

Developing Mating Disruption for Leafrollers

Alan Knight, Steve Cockfield?, Don Thomson®, and Dean Neff*
'USDA, ARS, Yakima, WA, *Scientific Methods, Brewster, WA,
*Pacific Biocontrol, Vancouver, WA, *Ecogen Inc, Pateros, WA

Leafroliers have become the big new problem for growers, especially after they have

adopted softer spray programs and use sex pheromones to disrupt codling moth (MD).

At present, growers have only a few chemical tools to manage leafrollers, but soon several

new options will become available. I have been investigating the potential of using sex

pheromones to disrupt leafroller populations since 1992, The first three years were

devoted to determining the best sex pheromone blend, release rate, and dispenser density. |
Since 1995, 1 have been testing the performance of several pheromone products in

grower’s orchards.

Three projects will be reviewed: a hand-tied dispenser (Hamaki-con) for leafrollers, a
sprayable formulation (MEK) for leafrollers, and a hand-tied dispenser for both leafrollers
and codling moth (DUAL). The Hamaki-con dispenser has been tested for control of
several leafroller species around the world and is currently registered in Asia for pests of
tea and apple. This dispenser has a good emission rate (1.1 mg per day for 150 days), but
its use would add another application cost for growers already using MD for codling
moth. MEK is a microbead formulation that can be applied by conventional sprayers.
Similar products are used in tomatoes and cotton, but we know httle about its emission
characteristics of codlemone or its persistence in the tree canopy following application.
The DUAL dispenser is a hand-tted rope product that has recently been widely used in
Italy. Its use would reduce the application cost to combat both pests, but the earlier
apphication timed for codling moth wastes the leafroller pheromone.

Hamaki-con, 1995-96. This study was conducted within a 1,200 acre contiguous
planting situated near Brewster, WA. The entire orchard is treated with ISOMATE-C+
for disruption of codling moth. The obliquebanded leafroller (OBLR) have been a major
concern in this area for several years. During 1994, lure-baited traps averaged over 400
OBLR moths, and despite up to 8 applications of Bacillus thuringiensis, fruit injury
exceeded 0.5% in over half the acreage. In 1995 we established three 40 acre plots treated
with Hamaki-con at 400 dispensers per acre. Conventional check plots were also
established. Each pheromone-treated block was subdivided into a central 5 ac and an
outer 35 ac area. One lure-baited trap was placed in the center and 8 traps in the outer
area. Seven female-baited traps were placed in each area and females were replaced
weekly. During peak male flight 60-100 tethered females were placed in each area
overnight. Females were dissected to determine if they had mated. Trees within each
plot were inspected in the spring for 3.5 hrs for overwintering larvae. One hundred trees
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(10 shoots per tree) were sampled for larvae during August in each plot. Two thousand
fruits were checked for mmjury prior to harvest from each plot.

Popuiations of OBLR were reduced in the MD versus the check plots: overwintering
populations were 30% m the second year;, both lure and female-baited trap’s moth catch
were reduced >90%; summer larval populations were 10-20% lower; and fruit ipjury
was 50% lower the first year but no difference occurred in the second year. Little
difference in the level of disruption or population density of OBLR was found between }
the inside and outside areas within pheromone-treated blocks. Grower used $80 less
insecticide per acre to manage leafrollers in the disrupted orchards compared with the
check blocks.

While the Hamaki-con dispenser is not likely to be registered in the U.S. our conclusions
from this two-year study should relate to any product that may be used for disruption of
OBLR. First, we found that disruption is poor in areas with a high population density of
resident moths. Second, we found that disruption is poor in areas adjacent to high
population density. Third, larval populations can develop in areas despite high levels of
adult disruption. This is likely due to the immigration of mated females into these areas.
Fourth, based on this grower’s use of alternative, selective control measures for
leafrollers, the cost of MD for leafrollers should be less than $50 per acre.

MEK, 1996. The MEK product utilizes a technology developed by 3M to place the sex
pheromone inside 20 micron beads that can be applied by conventional sprayers. Last
year we evaluated this product on small, non-bearing apple trees and found that it was
active for ca. three weeks. This year we conducted similar tests but with larger, bearing
trees and we also evaluated it in a small orchard trial. Three rates of pheromone (6, 12,
and 24 g per acre) were applied once to replicated 0.25 acre apple plots for disruption of
OBLR. Performance of this product was best with the highest rate tested, however,
disruption of lure-baited traps only lasted three weeks. Three applications of the 12 ¢
per acre rate were made in a 10 acre block on the 13™ of June, July, and August to
evaluate its performance relative to a comparable unireated orchard. Results from this
unreplicated trial showed a moderate level of trap disruption and ca. 50% lower fruit
mjury than the comparison block. Further evaluation of this product is needed,
especially its emission characteristics and persistence in the canopy. Testing of the MEK
formulation in larger, replicated blocks is planned for 1997.

DUAL , 1996. We have been evaluating a dual dispenser in small plots since 1994, and f
its characteristics have changed and been improved each year. Recently this product has

been widely used in Italy (ISOMATE-C SPECIAL), and this year was the first testing in

grower’s orchards in the U.S. The DUAL dispenser was placed in three 20 acre plots and

populations were compared with similar conventional blocks treated with Bt. During

1996 the overwintering OBLR populations were high in the three DUAL sites.

Disruption as measured by lower moth catches in lure-baited traps looked good (99%),
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except downwind and adjacent to high pressure sites (ca. 65%). Codling moth
populations appeared to be low in these blocks as catches of CM averaged only 1 moth
per trap. Yet, fruit injury by codling moth was high in 2 of the 3 blocks and all the injury
occurred late. Injury by leafrollers was much lower in 2 of the 3 block comparisons.

An apparent explanation for these significant levels of fruit injury can be drawn from the
dispenser’s performance late in the season. The DUAL dispenser had a good, linear
release rate during the summer and had a higher daily release rate of codlemone than the
ISOMATE-C+ dispenser but a lower release rate of the leafroller pheromone than the
Hamaki-con dispenser. Nevertheless, the DUAL dispenser ran out of codlemone by the
first of September and the leafroller pheromone by mid-September.

Modifications of the DUAL dispenser have been made and will be evaluated this winter

in the southern hemisphere. Next year we hope to initiate a larger project in the Brewster
Area with a new ISOMATE C-SPECIAL dispenser '
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7. Mating Disruption/SIR

HOWARD FLAT CAMP SITE - 1996

J. F. Brunner, E. H. Beers and J. Dunley

WSU Tree Fruit Research and Extension Center

1100 North Western Avenue, Wenatchee, WA 98801
Kelly Denton, Howard Flat Areawide Project, Chelan, WA

Howard Flat represents a pome fruit production area that models many sites typical of northcentral
Washington. It encompasses approximately 1,200 acres and is relatively isolated from other fruit
growing areas in the region. In the second year of the Codling moth Areawide Management
Project (CAMP), progress was made in reducing codling moth populations while reducing broad-
spectrum insecticide use and crop loss due to this pest. The Howard Flat project was organized by
growers and industry fieldmen interested in the implementation of new pest management
technology. The Howard Flat Management Board (HFMB) oversees the details of operating the
project and secures and manages funding from the USDA. Kelly Denton, the project coordinator,
oversees the day-to-day activities of the project, facilitating data collection and dissemination of
information and communication between project participants.

Pheromone dispensers (Isomate-C plus ®, Pacific Biocontrol, Inc.) were applied at a rate of about
400 per acre. Pheromone on 80% of the acres was placed by the growers, demonstrating that they
had gained confidence in being able to manage this task as a part of their normal orchard operation.
Approximately 460,000 dispensers were placed in the orchards on Howard Flat in a 14-day
period.

Codling moth: During the first codling moth generation in 1996, 594 moths were captured
compared to a total of 3,319 moths that were captured during the first generation in 1995, a
reduction of 82%. During the second codling moth generation in 1996, 114 moths were captured
compared to 610 in 1995, a reduction of 81%. Fruit injury by codling moth following the first
generation averaged 0.03%, range (.0 to 0.4%. At harvest 3,386 bins were sampled from 82
blocks. The overall average fruit injury by codling moth was 0.20%, down from 0.55% in 1995
and an estimated 0.8% in 1994. Removing four biocks that had high levels of damage drops the
average level of fruit injury to 0.05%.

Leafrollers: One hundred-seven traps, one every 10 acres, were used to monitor pandemis
(PLR) and obliquebanded (OBLR) leafroller. The total number of leafrollers on a basis of moths
per trap was about the same in 1995 and 1996. However, the average number of PLR moths per
trap was less in 1996 (13) than in 1995 (24) while the number of OBLR moths in 1996 (16) was
higher than in 1995 (12). Trapping leafrollers on a regional basis provided a good pattern of
relative activity and pointed to orchard blocks with the highest risk of larval infestation. The
average fruit damage by leafrollers at the Howard Flat CAMP site was 0.21%. Damage tended to
be concentrated in the same areas that had the highest leafroller moth trap counts, i.e. the
northeastern part of Howard Flat.
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8. TREE FRUIT DISEASES

RESULTS OF TRAPPING ASCOSPORES OF
VENTURIA PIRINA DURING RAINFALL PERIODS
IN MENDOCINC COUNTY, CALIFORNIA 1989-1996

B. G. Zoller S. Thomas J. Thomas

The Pear Doctor, Inc. Thomas Brothers Thomas Brothers
4825 Loasa Dr. Orchards Orchards

P. 0. Box 335 P. O. Box 748 P. 0. Box 748

Kelseyville, CA 954531 Ukiah, CA 95482 Ukiah, CA 95482

Ascospores of Venturia pirina were trapped during rain
periods using roto rod samplers (Model 20, Sampling Technologies,
Inc. Minnetonka, Minnesota 55305) as part of a disease management
program in Mendocino County pear orchards 1989-1996. The 3-5
samplers were located 45cm above ground level in commercial
orchards and were baited with a 1 meter diameter pile of random
leaf litter 10cm deep beneath the samplers in late winter.

Accumulated degree dag readings were maintained at Hopland,
CA, using a recording biophenometer (model TA 51, Omnidata
International, Logan, UtaE 84321) which made temperature readings
at ten minute intervals and converted the data to a degree day
readout. Data of % spores trapped for the season vs degree days
above 0C for each year were compared with similar plots for %
mature asci vs degree days above 0C in Figure 1B, p. 261 of
Spotts, R.A. and Cervantes, L.A. 1994, Factors affecting
maturation and release of ascospores of Venturila pirina 1in
Oregon, Phytopathology 84: 260-264.

Results and Discussion

In many of the years (e.g. 1989, 1990, 1992, 1993) there was
reasonable agreement between ghe Spotts and Cervantes model of %
mature asci and this clinical measurement of % spores tragged
during rains, only. However, in several years, such as 19591

1995 and 1996, successful captures during rains have lagged
considerably behind the mature ascus model. 1993 was noteworthy
for heavy spore amounts trapped during rains early in the season.
In 1994 captures began in agreement with the mature ascus model,
but lagged in the middle of the season with a very significant
spore sgower occurring later. In 2 of the 8 years (1885, and
1996) successful initial captures lagged considerably behind the
mature ascus model but were characterized by larger than expected
later season spore captures (Figures 1 & 2).

Disease observations in the orchards during these years
suggested these were real happenings in the sense of the disease
cycle.

Any ascospores not discharged because of lack of rainfall or
discharged during dew periods escaped detection in these clinical
studies and could be an unknown factor contributing to the

perceived lags in capture compared with spore maturation
predicted by the mature ascus model. Spotts and Cervantes
suggest about 50% of ascospores may be released during dew
periods at Hood River, for example.
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8. Tree Fruit Diseases

BIOLOGY AND MANAGEMENT OF ARMILLARIA ROOT DISEASE
IN PEAR IN CALIFORNIA

Rachel B. Elkins
University of California Cooperative Extension
883 Lakeport Blvd.
Lakeport, CA 95453

David M. Rizzo and E. Cameron Whiting
Department of Plant Pathology
University of California
Davis, CA 95616

Pears have traditionally been considered to be more resistant to Armillaria root disease
(causal agent: Armillaria mellea). In recent years, however, the incidence of Armillaria root
disease has dramatically increased in California, requiring attention by industry and
researchers. In 1995-96, several projects were initiated to: 1) discern temporal and spatial
patterns of infection in orchards and individual trees; 2) identify interactions between
disease severity and cultural practices (e.g. irrigation type and amount, planting density,
rootstocks); 3) correlate plant water status with symptom expression; and 4) test the
effectiveness of pre- and post-plant treatments using chemical (Enzone®) and biological
controls (Trichoderma spp).

Findings to date indicate: 1) within one infested orchard, infection centers up to 200m apart
consisted of genetically-identical isolates of the pathogen. This suggests establishment of
the fungus on the site for several hundred years; 2) root excavations indicate a major role for
rhizomorphs in the infection process; and 3) tree water status, as measured using a pressure
bomb, can indicate disease before obvious above-ground symptoms appear. To accompany
these experiments, an extensive survey of cultural practices and site conditions will be
conducted in pear growing regions to determine why trees (up to 100 years old) have
become infected in relatively recent years.
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TWOSPOTTED SPIDER MITE BIOASSAYS
LC,, IN PPM

ORCHARD YEAR AGRIMEK SAVEY VENDEX KELTHANE

HANLEY 1995 018 a 0.67 a >100 94a
MORAN 1995 029 ab 1.37 ab >100 219 b
BISHOP 1995 055 ab 0.97 a >100 2361 ¢
MEYER 1995 .040 ab | 1.44 ab >100 189 b
BRAGG 1996 088 b 3.4b >1000 —
TWIN 1996 098 b 3.6b >1000 ---
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